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ABSTRACT 
 
Ambulatory proctological surgery is becoming more popular due to time and financial constraints. Our 
research focuses on ambulatory proctological surgery as an innovative and cost-effective procedure. 
The first ambulatory anorectal surgery was performed in 1962 at the University of California, Los 
Angeles, and has since evolved through the years. The study comprised 30 patients who underwent 
elective anorectal operations with posterior perineal block at KLES hospital Belgaum between 
November 2004 and November 2005. All of the patients in the posterior perineal block group were 
ambulatory in less than half an hour after surgery, proving that ambulatory proctological surgery is a 
revolutionary procedure in today's practise. The majority of the patients experienced just minor 
discomfort following surgery. Urinary retention occurred in 16.7% of patients after surgery, however it 
was statistically insignificant. Within 24 hours of surgery, 86.67% of patients in the posterior perineal 
block group were discharged. According to our findings, ambulatory proctological surgery is 
recommended as a novel method of practise, particularly under posterior perineal block, because 
there is less post-operative pain and patients are discharged sooner, lowering costs and making 
healthcare more affordable.  
 
Keywords: Ambulatory proctological surgery; anorectal surgeries. 
 

1. INTRODUCTION 
 
Ambulatory proctological surgery is becoming more popular in today's world of time and financial 
constraints. It is expected that 90 percent of all anorectal treatments will be conducted in an 
ambulatory setting at some point in the future [1]. The recent advances in anaesthesia, newer drugs 
have helped to improve outcomes and promise a better patient care. Since its beginning at University 
of California, Los Angeles, in 1962, ambulatory anorectal surgery under local anaesthesia has 
evolved evolved over the course of years to include increasingly complex and invasive procedures 
[2,3]. Although Marc-Claude Marti (1941-2001) was the first to describe the posterior perineal block. 
Lateral internal sphincterotomy for anal fissures has been performed under local anaesthesia with 
advantage of lesser hospitalization, reduced postoperative discomfort and early healing of wounds [4]. 
Another study in 1986 adds that more than 90% of anorectal surgeries can be done in an outpatient 
setting. The use of local anaesthesia for anorectal surgery enhances patient safety as well as it 
reduces the costs [1]. Another study comparing local and epidural anesthesia for haemorrhoidectomy 
mentions majority of patients were satisfied with outpatient local anesthesia, helped in reducing their 
costs and few patients had minor symptoms on discharge in form of bleeding, pain, mucous 
discharge, urinary retention [5]. Ambulatory  surgery  encompasses  those  surgical  interventions  
that  are  more  complex  than  office-based  procedures  performed  under  local anesthesia  but  less  
complex  than  major  proce-dures requiring at least an overnight stay.The  potential  benefits  of  
ambulatory  surgery include  more  rapid  return  to  the  comforts  of  ahome  environment,  
diminished  opportunities  for nosocomial complications and diminished cost [6-9]. Even stapled 
haemorrhoidectomies are being performed under local anesthesia with results equivalent to those 
with general / spinal anaesthesia [10]. Recently a manometric study of the anal sphincter during 
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haemorrhoidectomy using posterior perineal block before and after procedure revealed significant 
reduction of resting and squeeze pressures of anal canal allowing surgeons to perform radical 
haemorrhoidectomy in the overnight stay setting with optimal intra and postoperative analgesia, safe 
sphincter relaxation, lower postoperative complications, and lower costs to the public health service 
[11] Our study is aimed at studying ambulatory proctological surgery as a novel and cost effective 
method. 
 

1.1 Aims and Objectives 
 
To study ambulatory proctological surgery as a novel method in todays practice. 
 

2. MATERIALS AND METHODS 
 

2.1 Study Design 
 
Prospective clinical trial. 
 

2.2 Source of Data 
 
Patients who were undergoing elective anorectal surgeries as per the inclusion and exclusion criteria 
at KLES hospital Belgaum between November 2004 to November 2005 formed the subjects of the 
study. 
 
Sample size included a total of 30 patients.  
 

2.3 Inclusion Criteria 
 

1. All patients undergoing elective anorectal operations for hemorrhoids, anal fissures and anal 
tags. 

2. Age: 18-65 years 
 
2.4 Exclusion Criteria 
 

1. Ano-rectal and perianal abscess, fistula in ano 
2. Known allergy to local anaesthesia 
3. Uncooperative patients 
4. Bleeding / coagulation disorders 
5. Patient with ischaemic heart disease 
6. Pregnant patients 

 

2.5 Anaesthesia Used: Posterior Perineal Block 
 
After a thorough physical examination routine investigations were done in form of complete blood 
count, random blood sugar, serum creatinine, blood urea, urine routine, bleeding time, clotting time, 
ECG, xylocaine test dose given following which posterior perineal block was given. Patients were 
post-operatively assessed with respect to mainly for onset of postoperative ambulation. 
 

2.6 Procedure of Posterior Perineal Block 
 
After giving a test dose under strict aseptic precautions the procedure involves injection of mixture of 
15 ml of 1% lidocaine, 15 ml of 0.25% bupivacaine with epinephrine 1: 2,00,000 and sodium 
bicarbonate 8.4% 3ml. 1 to 2 ml of this mixture is injected intradermally, with needle pushed towards 
sacrum and 5 ml injected presacrally. Afterwards another 10 ml is injected around ischiorectal muscle, 
and then the needle is moved deeper in lateral and cranial directions, and peri-anal area is injected. 
 
 



 
 
 

Highlights on Medicine and Medical Science Vol. 16 
Study on Ambulatory Proctological Surgery as a Novel Method of Practice 

 
 

 
165 

 

2.7 Statistical Analysis 
 
Statistical analysis was done applying p value where P<0.05 was significant. 

 
 

Table 1. Onset of post operative ambulation 
 

Post-operative duration (hours) PPB (No. of patients) 

<0.5 30 

 
Table 2. Degree of pain post-operatively at 1hr 

 

Degree of pain/VAS PPB 

Mild 24 
Moderate 6 
Severe - 

 
Table 3. No. of patients with urinary retention over a 12 hour post operative period\ 

 

No. of patients with urinary retention over a 12 hour post operative period 

PPB 5 

 
Table 4. Hospital stay in days 

 

Hospital stay in days PPB 

3 26 
4 4 
5 - 

 
Table 4. Gender wise distribution of patients 

 

Type of block Males Females 

PPB 15 15 

 
Table 5. Disease wise distribution of patients 

 

Type of block Fissure in ano Hemorrhoids Hemorrhoids + Fissure in ano 

PPB 18 9 3 

 

3. RESULTS 
 

1. Onset of post operative ambulation as depicted in Table (a), all the 30 patients in PPB group 
were ambulatory in less than 30minutes (0.5 hour) post-operatively. 

 

Onset of duration of post. op ambulation P value Significance 

<30mts(0.5hr) post op. 0.00 Significant 

 
2. Most patients had mild pain postoperatively as per VAS score. 
3. 5 patients developed urinary retention postoperatively. 
4. Hospital stay as depicted in Table (d), 26 of 30 cases of PPB got discharged on 3rd day of 

admission p values at 3rd day are <0.0001 indicating significance. 
5. Most of operated patients were fissure in ano compared to hemorrhoids showing statistical 

significance. 
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4. DISCUSSION 
 

Anorectal diseases are one of the commonest diseases which present frequently to surgical 
department. When operative option is given to these patients, naturally the patients prefer the shortest 
course of hospital. The present study of ambulatory proctological surgery as a novel method in todays 
practice holds true as all the patients with posterior perineal block group were ambulatory in less than 
half an hour of surgery. Most of the patients had mild pain post operatively.16.7 % patients had 
urinary retention postoperatively but it was statistically insignificant. 86.67% of patients in the posterior 
perineal block group were discharged within 24 hours of operation Of the remaining 3 patients were 
discharged in the next 48 hours 2 were diabetic who were observed for an extra day for evidence of 
any local infection, while the other patient had moderate degree of localized pain. Our study also 
showed significant statistical differences when the underlying anorectal condition is either fissure in 
ano or haemorrhoids. A large number of fissure in ano patients have formed a large group with early 
ambulation, showing partly synonymous results with studies by Gordon PH, Vasilevsky CA who have 
done lateral internal sphincterotomy under local anaesthesia, and suggested reduced hospitalsation 
and post operative discomfort which is minimal and wounds heal quickly [4]. Our study of early post 
operative ambulation and hospital discharge is partly consistent with study by Gabrielli F, Cioffi U, 
Chiarelli M, Guttadauro A, De-Simone M, [11]. Our study is also consistent to the previous studies 
done by B. Roche and M.C Marti on outpatient proctological surgeries under posterior perineal block 
in 3725 cases with lesser complications over a 12-year period [12]. The limitations of this study or the 
scope for further work lie in conducting similar studies over a larger population. 
 

5. CONCLUSION 
 
From our study we conclude that ambulatory proctological surgery is suggested as a novel method of 
practice especially under posterior perineal block as there is less amount of post operative pain, 
patients get discharged early, thereby reducing costs and making healthcare more affordable. 
 

CONSENT  
 
It is not applicable. 
 

ETHICAL APPROVAL 
 
It is not applicable. 
 

COMPETING INTERESTS 
 
Authors have declared that no competing interests exist. 
 

REFERENCES 
 
1. Smith LE. Ambulatory surgery for anorectal diseases: An update. South Med J. 1986;79(2):163-

6. 
2. Davis JE, ed.“Major Ambulatory Surgery, 2nd Ed. Baltimore: Williams & Wilkins. 1986;3-31. 
3. Bailey HR, Snyder MJ. Ambulatory Anorectal Surgery, 1st edition Springer. 1999;29. 
4. Gordon PH, Vasilevsky CA. Symposium on outpatient anorectal procedures. Lateral internal 

sphincterotomy: rationale, technique and anesthesia. Can J Surg. 1985;28(3):228-30. 
5. Labas P, Ohradka B, Cambal M, Olejnik J, Fillo J. Haemorrhoidectomy in outpatient practice. 

Eur J Surg. 2002;168(11):619-20. 
6. Gupta PJ. Ambulatory proctology surgery-An Indian experience. European review for medical 

and pharmacological sciences. 2006 Sep 1;10(5):257. 
7. Sobrado CW. Outpatient surgical proctology: past, present and future. Arquivos de 

Gastroenterologia. 2005;42(3):133-5. 
8. Vorob'ev GI, Turutin AD, Zaĭtsev VG. Ambulatory surgical interventions in patients with 

proctological diseases. Khirurgiia. 2001;1(1):74-9. 



 
 
 

Highlights on Medicine and Medical Science Vol. 16 
Study on Ambulatory Proctological Surgery as a Novel Method of Practice 

 
 

 
167 

 

9. Guttadauro A, Maternini M, Bianco GL, Ripamonti L, Pecora N, Chiarelli M, Gabrielli F. 15 years 
experience in proctological day-surgery. Annali Italiani Di Chirurgia. 2018;89:324-9. 

10. Esser S, Khubchandani I, Rakhmanine M. Stapled hemorrhoidectomy with local anesthesia can 
be performed safely and cost-efficiently. Dis Colon Rectum. 2004;47(7):1164-9. 

11. Gabrielli F, De Simone M, Chiarelli M, Guttadauro A, Pagani M, Venturi M, et al. Manometric 
study of the anal sphincter during haemorrhoidectomy using posterior perineal block. Chir Ital. 
2005;57(4):495-8. 

12. Roche B, Marti MC. Outpatient proctological surgery: An analysis of 3725 cases. Springer 
Milan, 2000;4:56-63. 

 
 
 
 

 
  



 
 
 

Highlights on Medicine and Medical Science Vol. 16 
Study on Ambulatory Proctological Surgery as a Novel Method of Practice 

 
 

 
168 

 

Biography of author(s) 
 

 
 
Manoj D. Togale 
Department of Anatomy, Jawaharlal Nehru Medical College & KLES, Dr. Prabhakar Kore Hospital, Belgaum, Karnataka, India. 
 
He is associated with Department of Anatomy, Jawaharlal Nehru Medical College & KLES, Dr. Prabhakar Kore Hospital, 
Belgaum, Karnataka, India. He has good score in the academic and research area.  He has published many articles in the 
national and international journals to his credit.  
 

 
 
Manisha S. More 
Department of Anatomy, Jawaharlal Nehru Medical College & KLES, Dr. Prabhakar Kore Hospital, Belgaum, Karnataka, India. 
 
She is associated with Department of Anatomy, Jawaharlal Nehru Medical College & KLES, Dr. Prabhakar Kore Hospital, 
Belgaum, Karnataka, India. She has good knowledge in the field of anatomy. She has published many articles in the national 
and international journals to her credit. 
 

 
 
S. S. Shimikore 
Department of Anatomy, Jawaharlal Nehru Medical College & KLES, Dr. Prabhakar Kore Hospital, Belgaum, Karnataka, India. 
 
He is associated with Department of Anatomy, Jawaharlal Nehru Medical College & KLES, Dr. Prabhakar Kore Hospital, 
Belgaum, Karnataka, India. He has good score in the academic and research area. He has published many articles in the 
national and international journals.   

_________________________________________________________________________________ 
© Copyright (2021): Author(s). The licensee is the publisher (B P International). 

 
DISCLAIMER 

This chapter is an extended version of the article published by the same author(s) in the following journal.  
International Journal of Recent Trends in Science and Technology, 8(3): 216-218, 2013. 
 



 



Selection of our books indexed in the Book Citation Index 

in Web of Science™ Core Collection (BKCI)

Interested in publishing with us? 
Contact book.department@intechopen.com

Numbers displayed above are based on latest data collected. 

For more information visit www.intechopen.com

Open access books available

Countries delivered to Contributors from top 500 universities

International  authors and editors

Our authors are among the

most cited scientists

Downloads

We are IntechOpen,
the world’s leading publisher of

Open Access books
Built by scientists, for scientists

12.2%

128,000 150M

TOP 1%154

5,200



1

Chapter

Therapeutic Applications of 
Monoclonal Antibodies in 
Urologic-Oncology  
Management - An Update
Maya Kulshekar, Shridhar C. Ghagane, Sridevi I. Puranik, 

Rajendra B. Nerli and Murigendra B. Hiremath

Abstract

The idea of utilizing immunotherapy for the treatment of cancers has been 
appealing to scientists and clinicians for over a several decades. Immunotherapy for 
cancers encompasses knowledge gained from a wide range of disciplines and has 
the potential to procure the ‘magic bullet’ for the treatment of cancer. Monoclonal 
antibody-based treatment of cancer has been recognized as one of the most suc-
cessful therapeutic strategies for both hematologic malignancies and solid tumours 
in the last 20 years. The discovery of hybridoma technology in late 1975 and the 
development of chimeric, humanized, and human antibodies have increased the 
availability and utility of immunotherapy for the treatment of cancer. Metastatic 
or recurrent cancer continues to be the bane of the urological oncologist. Despite 
recent improvements in therapeutic management and outcomes for clinically 
localized disease overall survival rate in patients with the majority of metastatic and 
recurrent genitourinary malignancies remains relatively unchanged. By targeting 
tumours through specific or associated antigens, it is possible to selectively elimi-
nate tumour cells and maintain an acceptable toxicity profile. Therapeutic antibod-
ies that target immune cells are also being developed with the goal of breaking local 
tolerance and stimulating the patient’s anti-tumor immune response. As with other 
treatment modalities, immunotherapy is far from perfect and requires additional 
study to optimize clinical response and overcome therapeutic resistance. Modern 
advances in the field of immunotherapy hold the promise of providing the clinical 
urologist/oncologist with new tools to fight urological cancer. However, the litera-
ture on monoclonal antibody-based immunotherapy with a particular emphasis 
on target antigens, monoclonal antibody design and potential applications in the 
field of urology is limited. Hence, the present chapter focuses on the applications of 
Immunotherapy using monoclonal antibodies for urologic oncology settings such 
as prostate, bladder, renal, testicular and penile with a hope to highlight its clinical 
efficacy and also its mechanisms of action in each of these cancer types.

Keywords: Monoclonal antibodies, Immunotherapy, Applications, 
Urologic-oncology



Monoclonal Antibodies

2

1. Introduction

Modern advances and a quantum leap in the field of cancer therapy has been prom-
ising to oncologists with new tools to fight many cancers. The immune system has mul-
tifunctional units referred to as antibodies, mostly polyclonal which facilitate humoral 
and cellular reactions to antigens [1]. However, it is possible to produce large quantities 
of an antibody from a single B-cell clone which are called as Monoclonal Antibodies 
(MAbs). Using these antibodies for therapeutic purposes is termed as Immunotherapy. 
Immunotherapy in recent times has been propitious across a number of cancer types. 
Stimulating results with MAbs directed towards both established and emerging targets 
indicate its potential key role as a therapeutic agent [2]. These are being tested in early- 
and late-stage clinical trials. In the last 35 years over 100 Monoclonal Antibodies have 
been considered potential as drugs and many have been approved. The usage of the 
monoclonal antibodies in cancer therapy requires the understanding of the biological 
role of various antigens involved in tumor growth [3]. In cancer patients’ immunity 
system is often altered. The purpose of immunotherapy with monoclonal antibodies 
is to interfere with synergic activity of immunosuppressive environment created by T 
cells, cytokines, interleukins and tumor growth factor [4]. In many cancer treatments, 
the monoclonal antibodies have been robust enough, however in some, combinatorial 
treatments including monoclonal antibodies, chemotherapy and vaccines have been 
successful thereby bringing together cancer immunologists and clinicians required 
for the management of cancer in the near future [5]. This chapter will focus on 
Immunotherapy using Monoclonal antibodies for many urologic oncology types such 
as prostate, renal, bladder, testicular and penile with a hope to highlight its clinical util-
ity and also its mechanisms of action in each of these cancer types.

2. Types of monoclonal antibodies and their mode of action

There are several ways by which the mAbs are made. They are as follows:

• Human: Theses are derived from the human source. Called as ‘umabs’

• Murine: These are derived from mouse. Called as ‘omabs’

• Humanized: Here the mouse proteins are attached to the human protein. 
Called as ‘zumabs’

• Chimeric: variable regions are from humans and constant regions are from 
mouse. Called as‘ximabs’

Following are the types of Monoclonal antibodies:

1. Naked monoclonal antibodies

a. These are the most common types of antibodies which are not attached to 
the radioactive material or any chemotherapy drugs. They act independently 
and have been extensively used to treat cancer. They attach themselves to 
antigens on cancer cells, or even non cancerous cells and other free-floating 
proteins. They can also act as immune checkpoint inhibitors [6]

b. E.g., alemtuzumab. This is used in the treatment of multiple sclerosis and 
leukemia (CLL).
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c. E.g., trastuzumab is a monoclonal antibody that acts against the HER2 
protein and used in the treatment of carcinoma of the breast in which this 
protein is expressed in larger amounts on the surface of the cancer cells. It 
thereby causes the inactivation of the protein by blocking it [7].

2. Conjugated monoclonal antibodies

As the name suggests these are in combination with the chemotherapy drugs 
or radioactive materials. These are referred to as tagged or labeled mAbs. 
They directly deliver the therapy to the target cells causing minimal damage 
to the normal cells surrounding them after precisely identifying them [8]. It 
then delivers the toxic substance where it is needed most. They can be of the 
following types;

a. Radiolabeled antibodies: These are conjugated with radiolabeled particles. 
An excellent example is Ibritumomab tiuxetan which works against the 
CD20 antigen found on B lymphocyte cells. It is made up of radioactive 
substance (Yttrium-90). The mAb works on the target cancer cells and then 
the radioactive materials target the destined cells and also the nearby cell. 
Radioimmunotherapy (RIT) is the name used for this type of treatment [9].

b. Chemolabeled antibodies: These mAbs have chemotherapy drugs attached 
to them. Eg: Ado-trastuzumab emtansine, an antibody that targets the HER2 
protein (breast cancer). It is covalently linked to the cytotoxic agent DM1

3. Bispecific monoclonal antibodies

These can attach to 2 different types of antigens at the same time, these have 
also been explored in cancer therapy and drug delivery. Example is blinatu-
momab, used in the treatment of acute lymphoblastic leukemia. It works by 
directing the body’s T-cells (part of the immune system) to target and bind 
with the CD19 protein on the surface of B-cell lymphoma cells [10].

3. Monoclonal antibodies and prostate cancer

Prostate cancer is one of the most common cancers with its incidence being high 
in Americans but lesser in the Asian population. It develops within the prostate 
gland that is responsible for the production of seminal fluid. Cancer therapy consid-
ered for prostate cancer includes radical prostatectomy, radiation therapy, chemo-
therapy, brachytherapy and hormone therapy [11]. The role of mAbs in Prostate 
cancer treatment has not been very successful. Several trials have been carried out 
to check for its efficacy, the details of which have been mentioned below.

Ipilimumab was the first immune checkpoint inhibitor which received FDA 
approval for the treatment of metastatic melanoma. It worked as the anti-cytotoxic 
T lymphocyte-associated protein 4 (CTLA-4). This stimulated its exploration for 
the treatment of prostate cancer. Use of this mAb in conjugation with radiation 
therapy did show antitumor activity in the form of decreasing PSA levels. This was 
a phase 1 trial. Hence, phase 3 clinical trials were conducted for further evaluation 
where subjects were randomized to ipilimumab after chemotherapy or radiation 
therapy. These trials did show progression free survival but missed its endpoint of 
overall survival [12].

Clinical trials on another mAb Nivolumab remains under investigation. In a first 
of its kind combination immunotherapy using monoclonal antibodies, Ipilimumab 
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plus nivolumab has been gaining responses as being reported in a phase 2 trial on 
metastatic castration resistant prostate cancer. Pembrolizumab is also an immune 
checkpoint inhibitor [13]. It has received approval from FDA for the treatment of 
prostate cancer. In these solid tumors, microsatellite instability (MSI) and mutations 
in mismatch repair genes (MMR) has been observed. Pembrolizumab is evaluated 
for in a patient after other effective treatments (such as sipuleucel-T, abiraterone, 
enzalutamide, docetaxel, cabazitaxel, radium-223, etc.) has been ruled out [14]. 
Combination therapies either with multiple immunotherapies or with immuno-
therapy and chemotherapy/RT, are currently being evaluated in prostate cancer. The 
optimal timing of immunotherapy in prostate cancer also remains unclear. Although 
much work remains to be done, the promise of prostate cancer immunotherapy 
remains unclear. There have been modern advances in the treatment of prostate can-
cer, however there is no curative treatment option once prostate becomes metastatic.

4. Monoclonal antibodies and renal cell carcinoma

Renal cell carcinoma is one of the urologic cancers that has lower incidence rates 
and poor prognosis. About 30% are diagnosed in their metastatic stage. It is a type of 
cancer that originates in the PCT. Therapy considered for this form of cancer include 
nephrectomy, radiation therapy, chemotherapy and embolization. The role of mAbs 
in Renal cell carcinoma is undertaken and studied in clinical trials treatment has 
not been very successful. Several trials have been carried out to check for its efficacy 
the details of which have been mentioned below as renal cell carcinoma (RCC) is a 
largely chemotherapy-resistant disease. It is immune responsive disease; therefore, 
checkpoint inhibitors can be considered as agents for the treatment of RCC [15].

The pivotal drug trial Checkmate 214 showed good objective responses in case of 
poor and intermediate risk patients in combination immunotherapy (Nivolumab/
Ipilimumab) vs. the tyrosine kinase inhibitor sunitinib and can be considered as 
a first line treatment in these subjects for RCC. However, for favorable high-risk 
patients, the single agent sunitinib showed more response rate. Survival rates were 
similar in both arms. In another clinical trial Keynote 426, Pembrolizumab (anti-
PD-1) plus axitinib, the responses were good and this led to its approval by leading 
to Food and Drug Administration (FDA) first line treatment. In another trial 
named, Javelin 101 Renal, avelumab (anti-PD-L1) plus axitinib vs. sunitinib the OS 
was not significantly different between the two arms [16].

In addition to this, there are many clinical trials that are underway for RCC 
(Table 1). Nivolumab was approved advanced clear-cell RCC by the FDA and is 
under investigation as pre- and postoperative therapy in mRCC. Combinatorial 
treatments with various drugs are also being studied in various clinical trials. 
Atezolizumab phase I trial involving 17 mRCC patients showed promising results 
as 7 had stable disease for more than 24 weeks. In another phase Ia study, of the 63 
patients with clear-cell RCC whose OS was 28.9 months. Pembrolizumab is currently 
being investigated in two randomized phase II trials of mRCC patients. It has been 
found to be acceptable for safe use [17]. Several trials evaluating pembrolizumab in 
combination with various agents are also undergoing. Avelumab showed an accept-
able usage when used in patients with advanced solid tumors and safety profile. Two 
ongoing trials are still being evaluated for avelumab in combination with axitinib 
Durvalumab. There are ongoing trials evaluating durvalumab in combination with 
other drugs, including tremelimumab for patients with advanced malignancies 
including RCC. Ipilimumab: Phase-II studies have been undergoing and the results 
are found to be partial response with adverse events being reported. In addition, 
Ipilimumab and nivolumab is being investigated and found to be favorable [18].
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5. Monoclonal antibodies and bladder cancer

Bladder cancer is one of the common cancers which develop in the tissues of the 
bladder. It is a type of Urolethial cancer. There are several methods which have been 
developed as a cancer therapy for bladder cancer and the most common being the, 
Bacillus Calmette-Guerin which has a very high success rate. The role of immuno-
therapy in Bladder cancer has been detailed in a number of case report and clinical 
trial studies [19]. The incidence of Bladder cancer is comparatively found to be 
higher in America when compared to other forms of malignancy.

Here are the various monoclonal antibodies that have been considered as a cancer 
therapy for the bladder cancer. 2016-Atezolizumab, was the first mAb to be approved 
by the FDA and also accepted by the European Association of Urology (EUA) as 
second-line therapy for patients with advanced Bladder Cancer. It is a PD-1/PD-L1 
checkpoint inhibitor It has been used for subjects even with metastatic or advanced 
bladder cancer. 2017-Avelumab was also approved by FDA for urothelial cancers. 
It acts against PD-L1. A phase Ib clinical trial had been carried out with metastatic 
urothelial cancer which showed inconvincing results. However in the phase II trial, 
avelumab exhibited a good antitumor response in patients with advanced urothelial 
cancer whose tumors progressed during or after platinum-based chemotherapy 
2017-Durvalumab has also received approval by FDA for the treatment of Bladder 
cancer. Studies in phases I and II patients have confirmed the effectiveness of dur-
valumab: It has shown responses in a number of clinical trial studies. It is a drug that 
acts against the PD-L1. 2017-Nivolumab is a FDA and EUA approved human mAb 
that acts against the PD-1. It was accepted on the basis of a single-arm phase trial for 
270 platinum pretreated patients. The result has been 20% response rate [20].

Nivolumab was also tested on advanced or metastatic Bladder cancer subjects. 
In this study many adverse events were reported. Unlike the above mentioned 

mAbs Targeted therapy Phase Population

Nivolumab Sunitinib
Pazopanib

I Advanced RCC, prior cytokine therapy 
allowed

Atezolizumab Bevacizumab Ib Untreated, advanced clear cell RCC

Nivolumab Bevacizumab Neo-
adjuvant 
pilot

Metastatic clear cell RCC, prior therapy 
allowed

Nivolumab Temsirolimus Ib/II Metastatic RCC, prior therapy allowed

Pembrolizumab Pazopanib I/II Untreated, advanced clear cell RCC

Pembrolizumab Axitinib Ib Untreated, advanced clear cell RCC

Pembrolizumab Bevacizumab Ib/II Metastatic clear cell RCC treated with 
failure of at least one prior therapy

Pembrolizumab Aflibercept I Metastatic RCC treated with at least one 
prior VEGF TKI

Avelumab Axitinib Ib Untreated, advanced clear cell RCC

Atezolizumab Bevacizumab III Untreated, advanced clear cell RCC

Avelumab Axitinib III Untreated, advanced clear cell RCC

Pembrolizumab Axitinib III Untreated, advanced clear cell RCC

RCC: Renal cell carcinoma; VEGF: Vascular Endothelial Growth Factor; TKI: Tyrosine kinase inhibitors.

Table 1. 
List of the Clinical trials that are underway for RCC.
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mAbs,PD-L1 overexpression among patients was not significant. In another phase 
II clinical trial with subjects also receiving platinum-based chemotherapy showed a 
two-month progression-free period. In patients with PD-L1 overexpression com-
pared to patients with low-expression, a difference in drug effects was observed. 
Many subjects did show adverse events [21].

Pembrolizumab has been showing positive responses in cases of advanced blad-
der cancer. It is a humanized monoclonal antibody used in the treatment of bladder 
cancer and is approved by the FDA and EAU. In a study conducted by on pembro-
lizumab by Bellmunt et al., it was observed that this mAb showed lower adverse 
events and longer survival by about 3 months which was significant when compared 
to chemotherapy drugs such as docetaxel and paclitaxel [22]. In a case report 
mentioning the treatment with pembrolizumab as reported by McDermott et al., it 
was observed that adverse events were not observed after 8 months and hence sug-
gested that pembrolizumab can be considered as a PD –I inhibitor [23]. In patients 
with DNA repair defects, pembrolizumab can also be considered for treatment. 
This drug not only reduced the risk of developing newer cancers but also prevented 
premalignant hyperplastic lesion. This shall be a rational therapy. Pembrolizumab 
is also shown better survival rates when compared to chemotherapy as mentioned 
farina and his colleagues.

A novel murine monoclonal antibody KMP1 has been studied by cheng and 
his colleagues [24]. The study was conducted both in vitro and in vivo settings It 
identified the CD44 epitope on bladder cancer cells and bound to it due to O-linked 
glycosylation and thereby exhibit antitumor potential in both settings. Future 
studies may be recommended to understand the exact glycolsylation mechanism 
also produce humanized forms and also conjugate types for better therapeutics. 
Enfortumab vedotin delivers toxic drugs to tumors. It is an antibody-drug conjugate 
that targets the Nectin-4 pathway, it has been approved for further study in case of 
bladder cancer. Immunotherapy has significantly reduced the risk of recurrence for 
bladder cancer while also increasing the percentage of patients who see a complete 
response post-surgery. Investigational bladder cancer immunotherapies also have 
the capacity change the outcomes positively for patients with this disease.

6. Monoclonal antibodies and testicular cancer

Testicular cancer is a disease of the male organ, testicles that produces the male 
hormones and sperms. Approximately 90% of testicular cancer start in the germ 
cells which make the sperm and are referred to as the Germ cell tumor (GCT). 
They are of two types: seminomas and non-seminomas. The testicular cancer 
are the solid tumors that can be treated by chemotherapy even in the metastatic 
condition. However, the role of immunotherapy is still under investigation. The 
incidence of Testicular cancer has observed an increasing trend in both America 
and Europe [25].

6.1 Testicular cancer

There are several trials that have been directed towards the Testicular cancer. 
Several of these trials are against the Immune check point inhibitors. Many 
case studies have reported immune checkpoint inhibition efficacy in refractory 
GCTs. However, the mechanism by which this occurs is not clear. Trials have been 
conducted with mAbs, nivolumab or pembrolizumab (both anti-PD-1 agents) 
on subjects with refractory GCT. The results are very inconvincing on a phase 
II trial of Adra et al. [26] who administered pembrolizumab to 10 refractory 
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GCT patients. Despite of the PD-L1 status there were no responses and hence 
this led to the termination of the trial. Although three of seven patients with 
refractory germ cell tumors treated with nivolumab or pembrolizumab did show 
response, there was partial remission. Some case reports did mention about the 
rapid progression of the disease with pembrolizumab on single dose and some 
40% response with single dose of nivolumab. In a case study reported by Chi 
and Schweizer, treatment response to nivolumab was observed hence, use of 
single checkpoint inhibitors have been unstable in nature [27]. No responses 
were observed by nadal et al. for a case report on a study conducted using 
Nibolumabwith cabozantini and bipilimumab [28]. Due to inefficacy of single 
agent durvalumab, the monotherapy arm was closed for a study conducted by 
Raggi et al. [29] Hence the results of immune checkpoint inhibitor monotherapy 
studies are disappointing and hence need more evaluation in many more clinical 
trials that shall be planned for future.

7. Monoclonal antibodies and penile cancer

Penile Cancer is a disease in which a tumor growth occurs in the tissues of the 
Penis. Although the localized penile cancer can be treated by penectomy, the meta-
static forms need better strategies to deal with such as the standard Chemotherapy 
or the novel Immunotherapy. About 95% of the penile cancers are squamous cell 
carcinomas and other forms include the sarcoma, melanomas and the basal cell 
carcinoma. Most of the penile cancer is caused by HPV (human papilloma virus) 
infection. Although the incidence of Penile cancer is only about 1 in every 1,00,000 
individuals I America and Europe, several Immunotherapy drug trials are underway 
to strategize its importance.

Epidermal growth factor receptor is usually overly expressed in Penile squamous 
cell carcinoma. EGFR amplification has been observed and thereby reported in 
a number of studies on primary penile squamous cell carcinoma. This amplifica-
tion has been observed with poor prognosis in patients with penile squamous cell 
carcinoma and increased risk of recurrence. Considering this aspect, it has been 
chosen for treatment of systemic penile cancer. Immunotherapy towards EGFR tar-
get, includes monoclonal antibodies cetuximab and panitumumab [28]. In a study 
considering cetuximab either alone or with cisplatin, there was partial response. In 
another study considering cetuximab, panitumumab, and nimotuzumab about 50% 
of the patients showed response to treatment. However, this was a second line of 
treatment.

In addition to anti-EGFR therapy, immune checkpoint inhibitor drug trials 
of avelumab and pembrolizumab are under progress. These drugs are evaluating 
the role of PD- L1 and PD-1 inhibition with the above mentioned mAbs respec-
tively, exclusively in penile carcinoma. The combination of PD-1 and cytotoxic 
T lymphocyte protein 4 (CTLA4) blockade might improve antitumour activity 
across multiple malignancies, including PSCC. However, the majority of the 
trials with patients suffering from penile carcinoma are basket trials that include 
because incidence of penile squamous cell carcinoma is very low [30]. In addition, 
Cetuximab, a chimeric monoclonal antibody is an epidermal growth factor recep-
tor (EGFR) inhibitor and has still not received FDA approval for the treatment of 
penile cancer. Phase I trials of Nivolumab are also underway which is a conjunc-
tion of chemotherapy and lymphokine working against the HPV. As the frequency 
of this disease is very low, it has been difficult to conduct many trials. However, 
continual progress in the area of Immunotherapy with fewer trials has still been 
gaining approvals and success.
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8. Conclusion

Immune status modification as strategy of cancer therapy does hold a significant 
place. Although, the conventional cancer treatments such as surgery, chemotherapy, 
and radiotherapy are still being referred to as the prominent ones, for some cancer 
types, immunotherapies are considered as first-line of treatment. One of the most 
important discoveries in the last several years in immunotherapy has been the develop-
ment of immune checkpoint inhibitor, monoclonal antibodies that promote antitumor 
activity. T cells are a form of lymphocyte which are produced within the thymus 
and performs a crucial function in stimulating body’s immune reaction to combat 
most cancers. They apprehend the overseas particles (antigens) with the aid of using 
particularly variable T cell receptor. Unlike antibody, the TCR cannot bind antigen 
and as a substitute it wishes to have peptides of the antigen proven to it with the aid of 
using an antigen presenting cell (APC). The molecules at the APC that gift the antigen 
are called as major histocompatibility complexes (MHC). Many stimulatory alerts 
also are wanted at this time. B7 is a form of peripheral membrane protein observed 
on activated antigen-providing cells (APC). This B7 on an APC can bind to cytotoxic 
T-lymphocyte-related antigen 4 (CTLA-4) developing an inhibitory sign and TCR 
activation. Once the activated T-cell receptor is within the tumor surroundings it is able 
to apprehend the antigen supplied with the aid of APC within the tumor. At this time, 
the programmed cell death protein 1 (PD-1) receptor also sends an inhibitory signal to 
the T-cell when the receptor binds to programmed cell death 1 ligand 1 (PD-L1), that’s 
regularly expressed on tumor cells. Monoclonal antibodies act by inhibiting the bind-
ing PD-1 to PD-L1 and thereby boost body’s immune response against the tumor cells.

Checkpoint inhibitors specifically goal PD-1/PD-L1) and CTLA4 Immune 
checkpoint efficacy is stricken by diverse factors, among which are tumor genom-
ics, host germline genetics, PD-L1 levels, and intestine microbiome. Generally, in 
tumors, mutated or incorrectly expressed proteins are processed through the immu-
noproteasome into peptides which can be commonly loaded onto MHC molecules, 
which similarly now no longer usually are capable of eliciting CD8+ T cell reaction. 
This may also cause producing MHC-supplied immunogenic neoepitopes. It turned 
into proven, that after the intratumor heterogeneity rises, neoantigen-expressing 
clones emerge as greater homogenous with the differential expression of PD-L1.

There are number of FDA approved monoclonal antibodies, that are considered 
for the treatment of Urology oncology. These have been detailed in the Table 1 
and include FDA-approved PD-1 inhibitors such as nivolumab, pembrolizumab, 
cemiplimab, and FDA-approved PD-L1 such as atezolizumab, avelumab, and 
durvalumab. But all the open literatures do believe that combinatorial strategies 
with immune checkpoint therapies may provide a better survival benefit which 
have been demonstrated in various clinical trials. These can be in combination 
with radiation therapy, tyrosine kinase inhibitors and also many chemotherapeutic 
drugs. However, the response to immunotherapy with monoclonal antibodies varies 
subjectively and hence research into PD-L1 expression, gene signature expression, 
messenger RNA subtype, mutational and neoantigen load is essential to determine 
the varying response to monoclonal antibody immunotherapy. Although older 
modalities of treatment for cancer, has been extensively exploited, array of new 
drugs that offer hope of not only prolonging life but also curing significantly more 
patients in the future bring a ray of hope to the scientific world.
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Abstract

The number of patients diagnosed with prostate and bladder cancer is increasing 
worldwide and one of the most important challenges remains the development of 
effective, safe and economically viable antitumor drugs. Clinical approval for drugs 
tested in preclinical studies enabling them to enter phase I clinical trials is essential. 
Cell lines are in vitro model systems that are widely used in different fields of medi-
cal research, especially basic cancer research and drug discovery. Their usefulness is 
primarily linked to their ability to provide an indefinite source of biological mate-
rial for experimental purposes. Under the right conditions and with appropriate 
controls, authenticated cancer cell lines retain most of the genetic properties of the 
cancer of origin. Studies conducted during the initial development of drugs such 
as toxicity, corrosion and drug activity were carried out on animals; however, in 
the past two decades, alternatives have been sought due to the fact that animals do 
not effectively model to human in vivo conditions and unexpected responses are 
observed in the studies. Also, more than 100 million animals were used and bil-
lion dollars were spent for animal toxicity experiments. Cell culture studies made 
positive contributions to the initial development of drugs and is highly desirable, 
as it provides systems for ready, direct access and evaluation of tissues. Contrary to 
animal studies, less cost and the need for low drug and a short response time are the 
characteristics for in vitro cell culture methods. In vitro tumor models are a neces-
sary tool, in not only the search for new substances showing antitumor activity but 
additionally for assessing their effectiveness. This chapter reviews the main features 
of primary cancer cell cultures, provides an overview of the different methods for 
their selection and management, and summarizes the wide range of studies that 
can be performed with them to improve the understanding of prostate and bladder 
cancer preclinical treatment processes.

Keywords: Primary cell culture, preclinical studies, prostate and bladder cancer,  
in vitro model
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1. Introduction

Cancer is the one of the major death cause worldwide and accounted nearly 10 
million deaths in 2020 [1]. The rate of incidence in prostate cancer and bladder can-
cer are increasing worldwide too. According to GLOBOCON 2018, prostate cancer 
is the second most frequent cancer and in men, it is fifth leading cause of death. 
Bladder cancer is also common in men ranking on sixth position and ninth leading 
cause of cancer death [2]. There are so many treatments available like radiotherapy, 
chemotherapy, hormonal therapy but these treatments are associated with adverse 
side effects and poor quality of post treatment life. Hence there is need in develop-
ment of effective, safe and economically viable antitumor drugs.

Prostate cancer and bladder cancer are heterogeneous diseases where many 
molecular, environmental and genetic factors are involved in its progression and 
understanding the mechanism of this progression is difficult [3]. In recent years the 
cancer research has made significant progress, but many challenges remain as it is 
[4]. Currently, only 7% of potential anticancer drugs are gaining approval which 
is much lower than drugs for other diseases [5]. Hence, to improve this percentage, 
it is essential to clinically approve drugs which are tested in preclinical studies and 
enabling them to enter phase I clinical trials [6].

Experimental models are important tools in the cancer research. The model should 
be reproducible, able to successfully reflect disease stage that is being studied and 
mimic the disease; how it behaves in humans [4]. Cell lines are in vitro model systems, 
a necessary tool, in not only the search for new substances showing antitumor activity 
but additionally for assessing their effectiveness. They are widely used in different 
fields of medical research and pharmaceutical companies. Presently pharmaceutical 
industries mostly rely on in vitro models like two dimensional (2D), three dimen-
sional (3D), boyden’s chamber (to study chemotaxis and assessment of cell motility) 
[7], micro fluidic systems (It is small devices that can provide a specific fluid flow, 
constant temperature, fresh medium, flow pressure and chemical gradients which is 
same as in vivo systems to study migration and invasion [8], 3D bioprinting (mim-
ics the processes that occurs in tumor micro environment) [9, 10]. Main reason for 
accepting in vitro model is it’s because of physiological relevance, it helps in improv-
ing the understanding of prognosis and treatment, it provides accuracy and it is also 
a low cost screening tool for researchers [11]. The usefulness of in vitro models is 
primarily linked to their ability to provide an indefinite source of biological material 
for experimental purposes. The in vivo model involves animals which provide valu-
able information to understand many aspects in development of disease and initial 
development of drugs such as toxicity, corrosion and drug activity [12]. But from 
past two decades, alternatives have been sought due to the fact that animals do not 
effectively model humans in in vivo conditions, as it shows unexpected responses like 
anatomical variation and also difficulty in extracting quantitative mechanistic data 
in the studies. Mathematical models are also used in the cancer research to analyze 
tumor growth and progression, and helps in predicting the effects of some therapies 
[13]. Different clinical setting, cancer resistance and switching to another treatment, 
existence of unknown biological details these issues can affect the mathematical 
models [14–16]. Computer simulation is another model in the cancer research, helps 
to test complex multi scale cancer progresses, it also accounts for drug pharmacoki-
netics and pharmacodynamics, but has drawback in less common cancers because of 
less data, therefore it lacks perspective validation and accuracy [17].

All models involved in the cancer research have pros and cons hence the cost 
duration, experimental design and data analysis in developing the anticancer drug 
should be considered for the selection of the model. It is necessary to choose more 
effective preclinical platforms to screen the antitumor compounds [18]. Practically 
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in-vitro models of tumors will not only give primary screening of potential anti-
tumor drugs but it also prevents drugs with insufficient antitumor activity from 
entering into preclinical animal testing [19]. This chapter reviews the main features 
of primary cancer cell cultures, provides an overview of the different methods for 
their selection and management, and summarizes the wide range of studies that 
can be performed with them to improve the understanding of prostate and bladder 
cancer preclinical treatment processes.

2. Primary cell culture

Primary cell culture is a gold standard testing platform for in-vitro research in 
oncology as they reflect the tumor state more accurately compare to most commonly 
employed cell lines [20]. It is a powerful tool commonly used by scientists to study 
cellular properties and mechanisms of isolated cells in a controlled environment [21]. 

AQ1

Figure 1. 
Flowchart showing the process of primary cell culture technique.
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Cell culture studies have made positive contributions to the initialdevelopment of 
drugs. Contrary to animal studies in vitro method requires low drug dose and short 
response time, which is characteristic feature of in vitro cell culture methods [22]. 
Primary cell culture is also called as ex-vivo. Because primary cells are directly taken 
from tissue origin and cultured under favorable conditions hence it is more similar to 
the in-vivo state and exhibit normal physiology. It maintains the cross talk between 
malignant and healthy components [23]. This is the main reason why primary cell 
culture is called as excellent model system to carry studies in metabolic, aging, signal-
ing studies and effects of drugs, toxic compounds in the cell.

Primary cells are non-immortalized and non-transformable as they imitate the 
appearance of living model and hence these can help to model 3D tissues. In this 
culture, cells will grow in 3D aggregates and presents interesting application [24]. 
It helps for detection, isolation, growth and developmental stages of viruses and 
helps to analyze the mode of infection. Drug candidate and its toxicity screening 
rely on results of early-stage in vitro cell based assays. Particularly in pharmaceuti-
cal industry primary cell culture is used to synthesize verity of biomolecules in high 
scale, various research project on cell-based product are developed. It is alternative 
for animal model to test effect of drugs and cosmetics [25]. There are few techni-
cal hurdles associate with primary cell culture. For instance, culturing might be 
difficult if the quality of the surgical material is poor. Also, due to early onset of 
cell senescence, difficulty arises to maintain sufficient number of cell passages but 
researchers have made many attempts to resolve this problem [26, 27].

Primary cell culture has been subdivided in to adherent cell culture and suspen-
sion cell culture. In the adherent cell culture, cells are arranged in monolayer and 
attach to the surface of the culture flask. Adherent cells are usually derived from 
tissues of organs. Growth is limited to surface area and it needs to be detached 
from the surface before cells get sub-cultured. Viral vaccine, gene therapy and cell 
therapies depend only on adherent cell culture. Suspension cells are derived from 
the peripheral blood and do not require any attachment for growth. They do not get 
attached the surface area of the cultural flask. The cells are free floating and growth 
is limited to the concentration of cells. The steps involved in the primary cell culture 
are represented in (Figure 1).

3. Isolation of cells

Before going to any further tissue processes, it is important to keep in mind 
that all tissue processing has to be carried out in a biosafety cabinet and all the 
sterilization protocols has to be maintained properly [28]. Now moving towards cell 
isolation, it is a process where one or more specific cells are isolated from heter-
ogenous cell mixture. Isolation of primary cells from cancer cells is an important 
phenomenon of cell culture biology as they are more reliable sources to understand 
the human cell. There are many standard protocols available for culturing the 
normal andneoplastic cells [28]. Human prostate and bladder are composed of 
many cell types which can be isolated and cultured. Hierarchy of the epithelium has 
been reviewed most [29, 30]. There are 3 main epithelial lineages namely neuro-
endocrine, basal and luminal. Prostatic homeostasis is mainly depends upon the 
epithelial cells and stromal cells; stromal cells guides to the epithelium cell for their 
dedifferentiation, proliferation and also progression of carcinogenesis [31].

Now, how to understand which cell is cancerous and which cell is non- cancerous 
because cell does not contain tags on it. There are specific cell markers (Antigen) 
which will identify the difference between cancerous and non-cancerous for ex. 
ARA70 (Androgen receptor-associated protein 70) is a cell marker which was noted 
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to be expressed at high levels in normal primary cultures compared with prostate 
cancer cell lines [32]. Many cell markers are available depending upon cell type 
which is listed in Table 1. Also in bladder cancer depending upon cell type there are 
different CD (Cluster of Differentiation) cell markers which are depicted in Table 2 
[38]. Identification of stem cell marker has uncovered a cellular hierarchy of epithe-
lium during development and in response to injury [39]. Cell markers (Antigens) 
have specific antibodies and these have to be evaluated histochemically. These 
reactions are evaluated by specific kits which are available in market (Table 3). For 
isolation, first tissues will be collected from prostate cancer patients and bladder 

Cell marker Cell type

Cytokeratin 5 [33] Basal cell

CD59 [34] Basal cell

c-Met [35] Basal cell

CD95 [34] Basal cell

Cytokeratin 8 [36] luminal cell

CD9 [37] luminal cell

15-LOX-2 [36] luminal cell

CD24 [34] luminal cell

Table 1. 
Biomarkers for prostate culture.

Cell marker Cell type

CD9 [38] Urothelial

CD104+ [38] Basal

CD13+ [38] Stromal cells of the lamina propria

CK5 [37] Basal

p63 [37] Basal

CK8 [37] Luminal

Table 2. 
Biomarkers for bladder cell culture.

Antigen Antibodies Cell type

Cytokeratin 8/18 (Prostate) Mouse IgG1 Luminal cells and intermediate cells

High molecular weight cytokeratin 
(Prostate)

Mouse IgG1 Intermediate cells

Trop2-APC (Prostate) Mouse IgG2a Epithelial cells

CD49f-PE(Prostate) Rat IgG2a Epithelial cells

CD + 9 (Bladder) antibody clone 
M-L13

Urothelial

CD104 (Bladder) clone 439-9B Basal

Table 3. 
Primary antibodies for prostate and bladder epithelial cultures [38, 40].
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cancer patients who are undergoing biopsy. This collection of tissues needs to be  
well coordinated between urology, pathology and the investigator and it has to 
proceed for primary culture within 2 hours after collection of tissues [33–37, 39–41].  

Method Mechanism Advantages Disadvantages

Chemical 
Method

By using EDTA or EGTA 
it binds with cations and 
disrupt the intracellular 
bonds [42]

Easy and cost 
saving

It does not adequately dissociate 
all types of tissue

Mechanical 
Method

Cutting, scratching, the 
tissues in to small pieces 
the in order to separate the 
cells wash it with gentle 
agitation [42]

It is a rapid 
technique works 
best for loosely 
associated tissue.

Decreases in the surviving 
capacity of the cell, incision 
of scissor, scalpel for cutting, 
scratching can damage the cell. 
Correct temperature should be 
maintained for enzyme.

Enzymatic 
Method

Enzymes to cut or digest 
tissue pieces in free cells. 
Combination of enzyme 
also can be used
Ex.- Collagenase, Trypsin, 
Hyluronidase [43].

It has great 
specificity with 
specific enzymes

Enzyme dissociation can modify 
proteins on cell surface

Table 4. 
Mechanisms for isolation of cells.

Sl. No. Components Function

1 Buffering systems

1. Natural buffer system

2. Chemical buffers system

• CO2 balances the pH,5 to 10% Co2 incubation, non-toxic 
and cost effective [44]

• HEPES, buffering capacity7.2–7.4, in high concentration it 
is toxic, costly [45, 46]

2 Inorganic salt Maintains osmotic balance and membrane potential by 
providing sodium, potassium, and calcium ions [47]

3 Amino acids Require for proliferation of cells and provides nitrogen Ex. 
L-glutamine provides NAD,NADPH and serve as secondary 
source of energy in metabolism [48].

4 Carbohydrates Carbohydrates are major source of energy, most of the media 
use glucose and Galactose.

5 Proteins and peptides Major proteins and peptides in media are albumin, 
fibronectin and tranferrin. Albumin helps to remove toxic 
substances from cell culture media

6 Fatty acids and lipids Particularly added when serum free media is used [44].

7 Vitamins Important for cell growth and proliferation as cells cannot 
produce sufficient amount, need to provide through culture 
media [44].

8 Trace elements Copper, Zink, Selenium required in trace amount for proper 
growth and many biological process

9 Antibiotics Control’s growth of bacteria and fungi ex.Penicillin, 
Streptomycin, fluconazole [49].

10 Serum in media Serum is a complex mixture provides all above elements. Ex. 
Fetal and Calf bovine serum [44].

Table 5. 
Basic components of media and their functions.
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After collection, tissue should be placed in sterile container which has HBSS (Hanks’ 
balanced salt solution) with HEPES (Hydroxyethyl piperazineethanesulfonic acid) 
and store at 4°C for 2 hours to increase cell viability. To asses tumor cells in the 
dissected material Hematoxylin and Eosin (H&E) stain is used in the histopathology 
lab. To get a single cell suspension from tissue dissociation obtained after sugary, 
there are three mechanisms available for isolation: Chemical, Mechanical and 
Enzymatic method (Table 4).

Although this is first step in primary culture, there is still no standardized pro-
tocol for this. There is a variety of options available. Tissue has to be mechanically 
minced from autoclaved scalpel or scissor; if tissue is measuring from 1 to 20 grams 
semi-automated dissociator can be used. Manual method has to be done in ice cold 
PBS (Phosphate-buffered saline). Commercially available formulation showed 10% 
increased viability compare to collagenase I, II, IV. (Table 5) [33]. In another study 
mechanical and enzymatic method has been used. In mechanical method, they used 
lacerate and scalpels and in enzymatic method collagenase type I and hyaluronidase 
type I enzymes with medium agitation at 37°C for 18 hours was used [34]. EDTA 
(Ethylenediaminetetraacetic acid)/Trypsin mixture used with 5 minutes of incuba-
tion in 37°C degree for prostate tissue [35]. Both the mechanisms, mechanical disag-
gregation with disposable disaggregator and enzymatic by collagenase and trypsin 
used for prostate tissue [36, 37]. In some cases, trypsin/EDTA 1:5 solution and 
incubation for 15 minutes for bladder tissue was used. In some studies for dissocia-
tion of bladder tissue 1:1 collagenase II and dispase enzymes are used at 37°C for 
12 hours [40–43]. Also there is a need to monitor tissue digestion process for every 
2 hours by gently shaking the digestion mixture by checking the viability of cells 
under the microscope [50–53].

4. Tissue processing

After digestion, cells are strained by strainer to separate the debris from it. Then, 
cells micro clumps are washed with PBS or HBSS twice or tricefollowed by centrifu-
gation [54]. Cell pellet collected from centrifugation is suspended in 2 ml of culture 
media. Count the viable cell by hemocytometer or by tryptophan dye exclusion 
method [55]. Cell viability also can be measured by the intracellular adenosine tri-
phosphate levels which are commercially available kit [56]. Immunohistochemistry 
and immunofluorescence techniques used to localize, identify and quantitate the 
cells based on cell surface marker [57].

5. Culture media

Cell pellets collected from centrifugation has to be placed in micro well plate or 
flask that contains culture media. It provides artificial environment for cell to grow. 
Basic requirement of culture media are controlled temperature, substrate to attach 
cell, growth medium and incubator to maintain pH [45]. Main step in culture is to 
choose culture media. It generally composed of amino acid, vitamins, inorganic 
salts, glucose, hormones, growth factor, and attachment factor which provides 
energy and helps to complete the cell cycle. Commercially available cell media for 
primary epithelialcancer cells are less effective compare to tissue specific primary 
cell media prepared in lab (Table 6) [46–49].

Choice of culture media is very important to get significant result in experiment. 
Selection of media completely depends upon type of cell, purpose and recourse 
[62]. As primary culture provides valuable research data, preparation of quality 
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SL No. Cell type Components of media

1. Fibroblast cell 
culture [28]

DMEM media with 7.2 pH + Fetal calf serum(FCS) + 100 U/ml 
penicillin,100 μg/ml streptomycin +1% amphotericin B added in culture 
media.culture plate incubated at 37°C a humidified chamber of 95% air and 
5% CO2

2. Prostate 
cancer (Bone 
metastatic 
variant) [29]

DMEM Glutamax +4.5 g/L D-Glucose with pyruvate +10%FCII +1% penicillin–
streptomycin+37°C with 5% CO2.

3. Bladder cancer 
(Epithelial 
cells) [58]

EMEM (ATCC) +10% FCS +1% penicillin + streptomycin + humidified 
incubator at 37°C with 5% CO2.

4. Prostate 
cancer 
(Epithelial 
cells) [59]

KSFM medium+ + 25 mM HEPES +1% penicillin + streptomycin +0.5 mg/mL 
fungizone +100 mg/mL gentamicin +37°C, 5% CO 2 humidified incubation.

5. Epithelial cells 
[40]

serum-free RPMI 1640 without phenol red+ penicillin 100 IU/mL+ streptomycin 
100 μg/mL+ metronidazole 1 μg/mL+ amphotericin B 2.5 μg/mL + gentamicin 
20 μg/mL + 37°C and 5% CO2 for 6 days.

6. Bladder cancer 
(Urothelial 
cells) [50]

Glutamine + insulin + Phosphoethanolamine+ ethanolamine + hydrocortisone+ 
transferrin + EGF + BPHE+5% FBS +5% CO2 at 37°C

7. Prostate 
cancer 
(Epithelial 
cells) [60]

DMEM + Glucose +100 U/ml penicillin +100 mg/ml streptomycin 
sulfate+0.29 mg/ml glutamine + Euroclone

8. Prostate 
cancer 
(Epithelial 
cells) [61]

DEME /Ham’s (1:1) + BSA (0.01%) + FAS (2%) + Epidermal growth factor 
(10 ng/mL) + (insulin-transferring-selenium-1%) + hydrocortison (0.5 μg/
mL) + Tryiodotyronone(1 nM) + phosphpethenolamine(0.1 mM) + choleratoxin 
(50 ng/mL) + fibronectin(100 ng/mL) + futine(20 μg/mL) + penicillin/
streptomycin (100 U/mL,100 μg/mL) + R1881(0.1 nM).

Table 6. 
Components of media from different studies.

Sl.No. Name of media Supplier

1. Human Endothelial-SFM Life Technologies

2. Endothelial Basal Media Sigma Aldrich

3. EndoGRO-LS Complete Media Kit MilliporeSigma

4. HUVEC Basal Medium CB HUVEC AllCells

5. Endothelial Cell Medium ScienCell

6. Epithelial cell medium ScienCell

7. EpiGRO primary epithelial cells MilliporeSigma

8. RPMI 1640 Sigma Aldrich

9. αMEM ThermoFischer

10. k- SFM ThermoFischer

Table 7. 
Commercially available media for epithelial cells [44, 63].
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culture media is required, or to avoid limitation (cell number) of primary cell 
culture, commercially produced medias are available (Table 7) [58–61].

It is very important to maintain cell viability after isolation process which is 
totally depends on skillful handling and culture conditions. The culture condition 
will differ depending on the cell type. Cell growth has to be observed till 11 or 
12 days. Additional extra media, Fetal Bovine Serum (FBS) and antibiotics need 
to be provided to avoid contamination. Culture media has to be changed between 
2 and 3 days [60]. Initially apoptosis is 5% from 0 to 1 day but as days will pass 
apoptosis rate will increases from 7 to 14 days. But functional validity of benign and 
prostate cancer cells was 5 days after confirming it with histochemically, biochemi-
cal and by immunohistochemical assay [63]. Use of serum free culture media 
with low calcium condition increases the longevity of the cell. Cryopreservation 
(Preservation of structurally intact cells) can be achieved by adding 10% FBS (Fetal 
bovine serum) and 10% DMSO (Dimethyl sulfoxide) in 80% confluence primary 
cell culture [64].

Each day morphological changes have to benoted. Normal cells get counted 
every day and cancer cells get counted every 2 days [65]. Cell viability is determined 
by trypsin blue dye, equal volume of PBS and trypsin blue dye allowed tosit on 
cells for few minutes then to count the cells samples are loaded on hemocytometer, 
cells scored as leaving or dead based on uptake of tryptophan blue dye [66]. Once 
confluence reaches to 80 to 90% it has to get counted by Neubauer camera at 1:2 
dilution with tryptophan dye exclusion, MTT assay (3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyl tetrazolium bromide) can be used to determine cell viability [67]. Cell 
growth curve can be plotted from the graph to check the time when the cell viability 
increases in the culture. Once cell get cultured properly depending upon need of 
investigator, cells can be passaged and characterization of the cells can be done.

6. Cancer cell lines

Most established prostate cancer cell lines namely PC-3, DU145 (Duke 
University 145) and LNCaP (Lymph Node Carcinoma of the Prostate) developed 
in the 1970s and 1980s are in the majority of the published studies [68–70]. T24 
cells (cell line from transitional cell carcinoma of the bladder) are exemplified for 
bladder cancer research [71]. These immortalized cancer cell lines are not always 
predictive of the real cancer behavior for the preclinical studies as these cells are 
adapted to 2D monolayer culture conditions [72, 73].

7. Cell culture models

Traditionally animal models were commonly employed for carrying out study of 
different types of cancer for the past three decades [74]. These animal studies have 
many drawbacks including lack of high-throughput drug screening, longer time 
consumption to conduct tests and ethical controversies concerning animal testing. 
Cell culture is the most widely used alternative to animal studies and cell culture 
techniques can broadly be classified into 2D and 3D methods [75]. The potentialities 
of primary cancer cell models’ cultures in preclinical studies for cancer research 
and drug discovery has amplified over the past few years. Primary cell cultures 
provide a good model system to understand normal and malignant biological activi-
ties. Carcinogenesis-related behavior such as apoptosis, proliferation, adhesion, 
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differentiation, migration, senescence, invasion, angiogenesis, and other metabolic 
pathways have been studied in recent years. One of the major advantages is that the 
heterogeneity of cell populations composing a primary culture mimics the tumor 
microenvironment, crosstalk, and interactions between malignant and healthy 
cells, neither of which is possible with cell lines [76].

Most studies have shown that the cellular responses to drug treatments in 3D 
cell culture are significant and more similar to that of in vivo architecture when 
compared to 2Dcell culture. One of the most improved successful assays using 3D 
culture for cell-based screening in the early phase of drug discovery is cancer cell 
viability assessment. This assay is particularly useful to test the cytotoxic effects 
of compounds that may lead to cell death. It plays an essential role in checking 
how many cells are viable at the end of each experiment. Cell viability assay is 
closely followed by cell proliferation, cell migration and then cell signaling assays 
[77–79].

Currently a number of anticancer drugs belonging to different classes 
chemically are available. To be used as a potential anticancer agent, the testing 
compounds need to inhibit the growth and proliferation of cancer cell lines. 
This will further inhibit the signaling pathways by knocking in or knocking out 
a candidate gene thereby stopping the progression of tumor to fatal stages. For 
instance, antiproliferative investigations were performed on prostate cancer cell 
line DU-145 in vitro and in vivo using salvia miltiorrhizabunge [80]. Another 
example to justify this concept will be a study performed on PC-3 cell line. 
Generally, cancer cells express higher amount of Transferrin Receptors (TfR) 
for an increased uptake of iron in relative to normal cells. This higher amount of 
intracellular free iron is required for the growth and proliferation of cancer cells. 
Anhydrodihydroartemisinin (ADHA) was used to inhibit PC-3 cell lines through 
caspase-dependent pathway [81].

8. Applications: cell culture in drug discovery and screening

8.1 Drug candidate identification

Often the rate-limiting step in preclinical drug discovery is the target iden-
tification and validation step. 3D cell cultures have the potential to discover 
the molecular perturbations governing carcinogenesis and to accelerate target 
identification and validation, given that the gene expression patterns found in 
3D models are relative to in vivo, when compared to 2D monolayer models [81]. 
For instance, a study reported that CXCR7 (C-X-C chemokine receptor type 7) 
and CXCR4 (C-X-C chemokine receptor type 4) were co-expressed in LNCaP, 
DU145 and PC3 cell lines in 2D culture. A marked up-regulation of both receptors 
was observed in PC3 cells when cultured in 3D using Matrigel suggesting that 
inhibition of CXCR7/CXCR4 may assist in controlling prostate tumor growth and 
subsequent progression [82].

8.2 Toxicity profiling

Cultured cancer cells are powerful in assessing drug-induced toxicity and to 
determine suitable drugs and methods for selectively destroying different types of 
cancer. It is useful to investigate effects of drug responses on metabolic signaling 
pathways or candidate genes conceding drug screening practices with impressive 
progress in the last decade. A study investigated features such as vascularization 
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and perfusion of antineoplastic drugs on human T24 bladder cancer [83]. It allowed 
in the understanding of basic paracrine signaling mechanisms that regulates tissue 
homeostasis, development of new methods for urinary bladder reconstruction and 
tissue engineering, and generation of models of malignant and benign diseases. 
This study suggested that the use of 3D urinary bladder cultures could be a pos-
sible approach in clinical practice to select for the best antineoplastic drug for each 
patient and to investigate the effect of drug combinations or new antineoplastic 
drugs [84, 85]. The below (Figure 2) suggests how assay-guided treatment can be 
useful in choosing the best active drug for an individual patient.

8.3 Testing anticancer activities

By far the most useful in vitro model which is used to analyze the anticancer 
activity is Cell culture. Treatments including radiotherapy, chemotherapy, hormone 
therapy, novel and experimental therapies can be evaluated. Extracts of plants can 
also be utilized to check for anti-cancer behaviors such anti-inflammatory, destabi-
lized membranes through which invasion and migration can occur. For instance, leaf 
extracts of Leea indica were used to study in– vitro antioxidant and anticancer activ-
ity on DU-145 and PC-3 human prostate cancer cell lines [86]. An example of drug 
combination is the synergistic effect of cisplatin and sunitnib malate – based chemo-
therapy on T24, 5637, and HT1376 human urinary bladder cancer cell lines [87].

Figure 2. 
Assay-guided treatment choosing the best active drug for an individual patient.
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9. Conclusion

Primary cell cultures have its application in various fields like toxicology,  
virology, drug screening, genetic engineering, gene therapy, genetic counseling, 
cancer research but main important application is model system. It provides best 
model system for studying basic cell biology and biochemistry, effects of disease-
causing agent and cell, effect of drugs on cell, process which triggers aging and 
apoptosis. Primary cell culture represents excellent model for transitional preclini-
cal experiments to understand cancer in in-vitro system. Primary cell culture acts 
as gold standard for cell line experiments because it provides broader spectrum of 
cell types from greater number of patients to be studied without any induction of 
artificial genetic mutation and it also maintains same phenotype throughout the 
culture. It involves both, clinician and researcher in the culture, it helps in under-
standing the drawback of treatments and lack in laboratory methodology and hence 
it is possible to overcome from it.

There are many models in cancer research; each model has different potentiali-
ties and inadequacy. In primary cell culture, complexity arises due to poor tissue 
quality, collection and inappropriate culturing may decrease the cell viability. Hence 
management of primary cell culture is difficult. But to overcome from these difficul-
ties proper collection with the help of pathologist and selection of proper isolation 
method and culture media based on tissue type can help to increase the cell viability. 
Considering the current clinical system towards precision medicine, patient derived 
cancer models are powerful epitome in cancer research. Nowadays 3D model system 
is emerging system. Primary cell culture can help to model 3D culture, in future 
technological perspectives like 3D culture can replace the in vivo model system. In 
conclusion, this chapter reviews several aspects of primary cell culture, provides 
overview on selection of tissues, different methods of isolation, culturing media and 
management of cells after culture. It summarizes the wide range of studies to improve 
the understanding of prostate and bladder cancer preclinical treatment processes.
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Chapter

Role of Dietary Supplements in 
Prevention of Renal Stones:  
An Update
Akshata Sangolli, Shridhar C. Ghagane and Rajendra B. Nerli

Abstract

Kidney stone disease is an oldest known and widespread medical condition  
characterised by its high prevalence in all over the world. Literature suggests that 
around 9–12% of population in industrialised countries have kidney stone disease in 
their lives with the 30–50% of reoccurrence rate. Because of high prevalence, recur-
rent and unpredictable nature of stone formation and its predominance mainly in 
adults contributes to the substantial impact on society, individual and health care 
system. In light of these trends, it’s imperative to use optimum preventive strategies 
to reduce the burden of kidney stone disease on individual and society. The aetiol-
ogy of kidney stone disease is a multifactorial and it’s related to diet, environmental 
factors, genetics, metabolic syndromes and various life style factors. Its noteworthy 
that dietary and life style modification are the major contributors in the preven-
tion of kidney stone reoccurrence. Dietary interventions aim to reduce the urinary 
abnormalities known to promote lithogenesis. Therefore, modification in the 
dietary factors is appealing way to patients and physicians in the treatment and pre-
vention of stone recurrence as it is relatively inexpensive and safe. So, the present 
chapter is focusing on the role of dietary supplements in prevention of renal stones.

Keywords: kidney stones, dietary factors, prevention, health

1. Introduction

Kidney stone disease or renal calculi is a serious medical condition though not 
life-threatening disorder. In medical terms it referred as urolithiasis or nephro-
lithiasis where “Lith” meaning stone [1]. Renal stone formation is an oldest and 
widespread disease in the world affecting human beings. Its prevalence in the 
Europe is around 7–9%, Asia 1–5% and in North America 6–12%. The lifetime 
prevalence of renal stones in India is 5–11% [2]. This prevalence represents 
threefold increment and 5–6% absolute increment in last 20–30 years. Increased 
in the number of cases is reported in all groups irrespective of gender, racial and 
ethnic variation [3]. An alteration in normal mineral content of urine is the main 
cause for lithiasis [4]. Urinary components play a vital role in stone formation as 
they will be in their metastable state with several pre-existing substance which 
can crystalize to form calculi. These substances if exists in super saturation level 
makes urine unstable and will lead to crystallisation of excess of solutes [5]. 
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Kidney stone may be found with different shapes, sizes and colours depending 
on their composition. Smaller stones may pass in the urine without any symp-
toms, but often stones grow in their size and develop a level of discomfort while 
passing through urine. In some case it may cause a severe pain if the surface of 
the stone is rough or it may require medical intervention as bigger stone cannot 
pass through the urinary system [6]. Other complications such as urinary tract 
infections, sever pain, or decline in the renal function may be associated with 
urolithiasis [7]. If neglected it may lead to the substantial damage to the kidney 
[6]. Since significant number of patients may have to undergo surgical interven-
tions for the treatment, the management of the kidney stone has become consid-
erably expensive [8]. Because of high prevalence, recurrent and unpredictable 
nature of stone formation and its predominance mainly in adults contributes to 
the substantial impact on society, individual and health care system [9]. In light 
of these trends, it’s imperative to use optimum preventive strategies to reduce 
the burden of kidney stone disease on individual and society. Thus, awareness 
regarding importance of preventive measures particularly on consumption of 
healthy diet certainly help to reduce the cost of hospitalisation and will increase 
the compliance in general.

According to literature survey various preventive measures are available to 
reduce the risk of kidney stone formation such as life style modification, high 
water intake, less consumption of salt and modification in dietary habits. As 
diet has shown its strong association with stone formation, changes in dietary 
habits may help to reduce the burden of stone formation. Less awareness on 
effect of food on stone formation is one of the main reasons for increase preva-
lence. So, more studies have to be focused effect of various diets at molecular 
level to understand the actual mechanism behind stone formation. Thus, 
present chapter is focusing on role of various diets in prevention of kidney stone 
disease.

2. Types of kidney stones

Chemical constitutes of urine is the main factor for variation in chemical compo-
sition of the stones. These variations may be associated with other risk factors such 
as environmental factors, diet, climate and life style habits. Based on this, urinary 
stones can be classified in to five major classes.

• Calcium stones: Calcium stone can exist as calcium oxalate or calcium 
phosphate or calcium carbonate. Among all the types these are the prominent 
ones constituting around 70–80% of the total stone forms. Calcium oxalate 
can exist as calcium oxalate monohydrate (COM) or dihydrate (COD). COM 
is the more stable form and common compared to the COD. Various fac-
tors may contribute to calcium stone such as hypercalciuria, hyperoxaluria, 
hyperuricosuria etc. [10]

• Uric acid or urate stones: Uric acid stone accounts approximately for 5–10% 
of all the types of stones. High purine content of diet such as animal protein is 
main risk factor for the formation of uric acid stone. Other risk factors are low 
urine volume, hyperuricosuria, and low urinary pH [11].

• Magnesium ammonium phosphate stones or struvite stone: Also called as 
infection stones or triple phosphate stones. These stone occur at the extent of 
12–15%. The main cause for the struvite stone is urinary tract infections where 
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urease produced by microbes split urea into ammonia and carbon dioxide. This 
makes the urine alkaline and makes phosphate insoluble at its high pH. Thus, 
phosphate gets precipitated on the ammonia leading to the stone formation. Its 
more common in female compared to male [12].

• Cystine stones: The occurrence of cysteine stone is less than 3% among all 
the types of the stones. It occurs as a genetic disorder with defect in cystine 
amino acid transportation, which results in excess excretion of cystine in 
urine referred as cystinuria. It is an autosomal recessive disorder resulting 
in impaired renal tubular absorption of cystine and excretion of cystine in 
urine. As cystine is insoluble in urine results in the formation of stones in 
kidney [13].

• Drug-induced stones: These stone accounts for only 1% of total stones. 
Drugs such as triamterene, atazanavir, and sulfa drugs induce stone forma-
tion. Lithogenic drugs and their metabolites may get deposited to form 
nidus or on already existing stone. Some drugs may also interfere in purine 
and calcium oxalate metabolism and may lead to the stone formation 
(Figure 1) [14].

3. The aetiology of kidney stones

The aetiology of kidney stone formation is multifactorial. There are various 
risk factors associated with formation of kidney stones such as age, gender, ethic 
and family background, life style habits, environmental variations, occupation 

Figure 1. 
Steps for mechanism of stone formation.
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and dietary habits. Variations in these risk factors initiates super saturation of 
urine which may cause changes in the morphology of kidney, change in urine flow, 
urinary tract infections and metabolic abnormalities (Figure 1) [1].

• Age: The most vulnerable group for the urolithiasis is 20–60. The incidence of 
kidney stones is increased with age, thus middle-aged people are very prone 
to get kidney stone disease [15]. One of the most common reason which could 
be related to this age group is less fluid intake, dehydration, stress at the work 
place and unhealthy life styles. In some population the age distribution is 
different in males and females; male is affected after the age of 60 whereas 
females are affected at the age of 45–50 [16].

• Gender: According to most of the literature survey kidney stone disease is 
more common in males compared to female with the ratio ranging from 1.5 to 
5. It may be associated with the changes in the dietary habits and testosterone 
promote the stone formation in males [17]. However, in recent decades this 
ratio is narrowed in many countries, which says that even females are more 
affected and prevalence is increase in both genders. The main reason for this 
could be standard living habits, high calorie food consumption and variations 
in occupations [18].

• Climate: Geographic and climatic changes are one of the major risk factors for 
urolithiasis, specifically temperature, seasonal variations, atmospheric pres-
sure, humidity. High prevalence is seen in tropical and subtropical countries 
than in frigid zones. Considering seasons incidence will be high in summer 
compared to spring and winter. This may be associated with the concept of 
higher temperature leading to loss of water through the body fluids and dehy-
dration which may lead to excretion of concentrated urine may become cause 
for formation of stone [19].

• Dietary habits: Diet also plays an important role in formation of stones 
in kidney. Diet rich with high amount of oxalate is the main precursor for 
stone formation. In addition, diet containing high amount sodium, protein, 
calcium also acts as risk factors for stone formation. This is the main reason 
for the raising trends of kidney stone disease in many of the Asian countries 
[20]. Oxalates present in the food gets metabolised in liver and Calcium in 
intestine combine with excess of oxalate and lead to formation of insoluble 
calcium oxalate stone [21]. Excessive consumption of animal meat will lead to 
increased uric acid concentration and results in hyperuricosuria, is the main 
risk factor for the uric acid stone formation. In addition, pH of the urine plays 
an important role in lithiasis as appropriate pH favours crystal precipitation, 
initial step of stone formation [22, 23]. Along with diet less fluid intake is also 
a main cause for stone formation. Water with high fluoride content may also 
become risk factor for stone formation. The fluoride in the intestine favours the 
absorption of oxalate and promotes excess of oxalate excretion and formation 
of calcium fluoride in urine [24]. Excretion of high concentration of magne-
sium in urine is also one of the causes for stone formation in kidney [25]. On 
other hand one of the studies conducted by Chandrajith et al., have not found 
any association between hardness of water and urolithiasis [26].

• Occupation: According to studies conducted on stone formation and occupa-
tion, sedentary life style is one of the risk factors for urolithiasis. Some studies 
reports that there is a positive association between more physical work and 
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kidney stone disease. The risk of kidney stone formation is more in case of 
people expose to the sunlight or high temperature for longer period like farm-
ers, miners’ drivers etc. than people working at room temperature [27]. People 
working in these conditions may consume less fluid and they will be more 
prone to have dehydration, which may lead to excretion of concentrated urine 
and lead to urolithiasis. However, there are some studies which have shown 
negative relation between stone formation and occupation [28].

• Genetics: Genetic factor also contribute to the renal stone formation, 
especially cysteine stones are formed by mutation in the gene SLC3A1 and 
ALC7A9. In addition, even in case of uric acid stones some mutations seen 
in SLC2A9 and SLC22A12. In some cases, calcium oxalate stones are formed 
because of the deficiency of enzymes such as glyoxylate reductase/hydroxy 
pyruvate reductase (GRPHR), alanine glyoxylate aminotransferase. As a 
result, synthesis and excretion of oxalate is increased leading to calcium 
oxalate stone formation [29].

• Racial distribution: The association of kidney stone disease with different 
racial background is still controversial. In Asian population the association 
is been reported by certain studies. Whereas studies conducted in Iran have 
not shown a significant association between racial difference and prevalence 
of urolithiasis. In general terms, dietary habits, life style changes and gene of 
various races are the main key factors for the variations [30, 31].

4. Importance of diet

Intake of healthy and fresh diet plays an important role in maintaining the 
health status of human kind. Balanced diet has been immensely accepted all over 
the world owing to the increased awareness regarding the maintenance of health 
status among people. Balanced diet is comprised of all essential nutrients, which are 
required for good health of human beings [32]. Nutrients present in food provides 
energy to perform vital functions of life and also helps for growth and differen-
tiation of cells. These nutrients can be classified into micro nutrients and macro 
nutrients based on the requirements. Micro nutrients are the one which are requited 
in a smaller quality which includes vitamins and minerals whereas macro nutrients 
are the one which are required in a larger quantity which includes carbohydrates, 
lipids and proteins [33]. All these nutrients are present in the food materials like 
cereals, pulses, vegetables, fruits, meat and dairy products. Among these products 
high amount of protein is found in meat. The concentration of protein may vary in 
different kind of animal meat like beef, mutton, chicken fish etc. whereas carbo-
hydrate will be present in cereals, potatoes, milk and lipids will be rich in nuts, 
peanuts, ghee, oil, butter etc. [34].

5. Variations in the dietary habits

Variation in food habits arises from the people’s origin and it is modified by 
resource of the respective place or origin. The major resources having impact on 
the food culture are climate, Land, soil, water, cultural and religion of the habitat 
[35]. The era of globalisation has changed the eating and life style habits which has 
shown a very strong impact on the health of human beings. Urban areas of most 
of the countries, have embraced more processed and packed food, which have led 
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to increased obesity and body mass in people. Diversified food habits have been 
seen in various parts of the world and also within the countries itself with differ-
ent geographical areas. These food variations are the main factor for variations in 
prevalence for urolithiasis at different geographical places [35].

6. Role of dietary habits in stone formation

Among various risk factors of urolithiasis, food is considered as one of the 
important modifiable risk factors in the kidney stone disease. According to the 
study conducted by Maalouf et al. [36] states that a load of protein diet in food 
will lead to increased calcium excretion. This may lead to increased risk for kidney 
stone formation. High amount of protein diet induces acid load in the body because 
of production of protons during the metabolism by sulphur containing amino acids 
and also there will be increased calcium excretion followed by high protein diet 
[36]. In addition to this high intake of animal protein leads to increased concentra-
tion of calcium, oxalate, uric acid and phosphorus in the urinary tract. There are 
various mechanisms involved which may lead to increased concentration of these 
substances in the urine and may lead to the formation calculi [37]. High intake of 
carbohydrates and lipids also have shown similar effects on the urinary composi-
tion. Furthermore, less intake of fruits and vegetables may also act as risk factor 
for urolithiasis even though some of them will be rich in oxalates [38]. High intake 
of sodium in the form of excess of common salt is noticed in case of many industri-
alised countries lead to more calcium deposition in kidney. The role of magnesium 
and vitamin C in the kidney stone formation is still not clear. Few studies have 
reported with no significant association with stone formation, whereas the effect 
of these nutrients on urinary composition shows its role in urolithiasis [39]. Thus, 
most of the studies support the fact that there is a relation between dietary habits 
and kidney stone formation, although contradictory results are also available. 

Different food items Content of food Role in urolithiasis Reference

Milk, cheese, dark green 

vegetables, yogurt, calcium 

fortified beverages etc.

Dietary calcium Decreases the risk of calcium 

oxalate stone formation

[40]

White meat poultry, lean beef, 

eggs, beans, etc.

Protein High load of acid in the kidney 

increases risk of kidney stone 

formation

Increase urinary excretion of 

calcium

[41]

Canned food, corn meal, Black 

eyed beans, beets etc.

Sodium High level of urinary calcium [42]

Green leafy vegetables, beets, 

berries, chocolates, cranberries

Oxalate Increased oxalate absorption 

from the intestine lead to high 

amount of excretion

[40]

Citrus fruits, peppers, 

strawberries, blackcurrants, 

broccoli etc.

Vitamin C High oxalate excretion in urine [43]

Energy drinks, soft drinks, 

carbonated drinks, coffee etc.

Carbonated 

beverages

High level of oxalate excretion 

in urine

[44]

Table 1. 
Role of various food stuffs on kidney stone formation.
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In the present chapter we are discussing in detail about the role of diet in KSD, so 
that we could summarise important preventive dietary habits for the urolithiasis 
(Table 1).

7. Impact of fluid on urolithiasis

Less fluid intake is one of the major risk factors in the stone formation, whereas 
adequate amount of urine excretion will eventually reduce the saturation of urine. 
To achieve 2 L/day of urine excretion fluid intake should be higher at the range of 
2–3 L/day as water will be lost for extra renal functions like sweating, breathing 
and perspiration [45]. Along with volume of fluid intake, the quality and composi-
tion of fluid or water is also equally responsible for stone formation and it can be 
considered as a modifiable risk factor. Many studies have reported that high amount 
of fluid intake will eventually reduce the risk of urolithiasis [46].

Apart from water, other beverages like soda, tea, coffee and aerated or carbon-
ated drinks consumption will also be having their impact on stone formation. 
High intake of sugar sweetened soda rich with fructose increases the risk of uro-
lithiasis, as fructose promotes synthesis of uric acid and increases the excretion 
of uric acid, calcium and oxalate in urine [47]. Fructose rich food, makes the cells 
to utilise excess ATP for its uptake and such monosaccharides reduces phosphate 
concentrations within the cells and induces production of uric acid which leads to 
hyperuricosuria. So, in hyperuricosuria patients, it’s advisable to reduce the intake 
of fruits, beverages and fruit juices rich with fructose content [48]. Another study 
conducted by Shuster et, al. reported that intake of carbonated/aerated beverages 
is also one of the risk factors for formation of calculi as these beverages contains 
high amount of phosphoric acid [49]. On the contrary some studies also evi-
denced that citric soda content of the aerated drinks has a capacity to reduce the 
risk of stone formation by increasing the excretion of citrate. However low energy 
aerated drinks have not shown significant association in large cohort studies, 
suggesting that more than carbonated content fructose content of the drinks is the 
main culprit for urolithiasis [50]. A study conducted by Ferraro et al. [51] reports 
that beverages such as tea, coffee reduces the risk of calculi formation as studies 
have noticed that caffeine intake is associated with increased urinary output. Still 
excess consumption of tea, coffee is not advisable as it may interfere with other 
metabolic reactions which influence changes in the blood pressure. Hot beverages 
such as beer, alcohol have shown controversial results for their association with 
stone formation. In the study conducted by Ferraro et al., these drinks have shown 
to reduce the risk of stone formation as they reduce the activity of antidiuretic 
hormone and helps to excrete excess amount of diluted urine [51]. In contrast 
to this, a study conducted by Borghi et al. reports that alcohol intake should be 
avoided in case of urolithiasis patients as it will be rich in purine and it may cause 
hyperuricosuria [46]. Another study conducted by Rodgers et al., found that 
magnesium and calcium content of mineral water acts as protective in case of cal-
cium oxalate stones [52]. Studies conducted on effect of various fruits juices have 
shown its impact on stone formation. Fresh lemon juice involved in the excretion 
of citrate and reduces excretion of calcium in urine. In concern with non-citrus 
fruits the results of the studies are still controversial as some fruits have shown 
beneficiary effect whereas some have not shown any significant association with 
urolithiasis [53]. Thus, these studies suggests that all fluids are not having same 
effect on urolithiasis. So, it’s advisable to reduce the intake of sweetened beverages 
and high citrate content drinks as they have shown unfavourable outcomes in KSD 
patients.
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8. Effect of carbohydrate diet on urolithiasis

A study conducted by Nouvenne et al. reports that high carbohydrate food 
intake has shown increased excretion of calcium in urine compared to healthy 
individuals because carbohydrates decrease the calcium reabsorption in the renal 
tubules [54]. In contradictory to this some studies have reported that increased glu-
cose concentration in diet has enhanced the calcium absorption in intestine. Various 
epidemiological studies have been conducted to find out the relation between insu-
lin action and calculi formation specifically with uric acid stones. The insulin renal 
receptors show imbalance in acid handling which results in impaired excretion of 
ammonia in urine leading to excretion of acidic urine which favours precipitation of 
uric acid crystals leading to uric acid stones. This could one of the main reasons for 
high prevalence of urolithiasis in metabolic syndrome cases [55]. In addition to this 
high fructose intake has shown a strong association with formation of kidney stones 
as it enhances excretion of citrate and calcium in urine which favours the forma-
tion of stones in kidney. Increased fructose intake may cause insulin resistance and 
it may become trailing step for the formation of uric acid stone as it decreases the 
urinary pH and lead to uric acid stone formation [56]. Another study conducted by 
Curhan et al. reports that intake of sucrose has also shown its association with stone 
formation as high sucrose may increase the urinary excretion of calcium which is 
not dependent on the calcium intake (Figure 2) [57].

9. Effect of protein diet on urolithiasis

Various studies have shown a strong association of protein intake specifically 
animal protein with kidney stone formation. Animal protein will be rich in purines 
and after its degradation it produces uric acid [58]. These contains amino acids 
such as tyrosine, tryptophan and glycine and degradation of these amino acids 
produces oxalate which is the main component of calcium stones [59]. Increased 
oxalate content causes calcium and citrate resorption, renal acid excretion and 
increased urinary excretion of calcium which ultimately cause kidney stones 
[60]. Animal protein such as meat, poultry, fish shows unfavourable effect as 
their intake leads to uricosuria, calcinuria and phosphaturia and also reduces 
urinary pH. All these conditions increase the risk of precipitation of substances 
like calcium and uric acid and lead to calculi. Formation [61]. According a study 
conducted by Kerstetter et al. reports that in a normal healthy individual for every 
20–25 g of increase in dietary animal protein, will rise the urinary calcium by 

Figure 2. 
Effect of various food items in calcium oxalate/phosphate stone formation.
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30–35 mg/day [62]. The final outcome of high animal protein intake by keeping 
volume of the urine constant is super saturation of urine with calcium oxalate 
and uric acid which are the main risk factors for stone formation. The underlying 
mechanism for uricosuria and phosphaturia is related to high content of these 
substances in animal protein. In addition to this increased calcinuria and change 
in urinary pH is mainly attributed by sulphureted amino acids such as methionine 
and cysteine which produces hydrogen ions leading to subclinical acidosis [63]. 
The reason for oxaluria is still not clear yet according to studies conducted, pres-
ence of oxalate in animal proteins produced by amino acids such as tryptophan, 
tyrosine increases endogenous production of oxalate which may create favourable 
environment for formation of stones [64]. Its notable that effect of vegetable pro-
teins on urinary composition is different from those of animal proteins. A study 
conducted by Breslau et al. [65] observed that intake of exclusively vegetarian diet 
with vegetable proteins leads to less excretion of calcium, phosphate and more 
oxalate, citrate in urine with less acids as vegetable proteins contains different 
quantity of sulphates, purines, oxalates and fibres. On a whole, this suggests that 
vegetable proteins are less harmful for urolithiasis specifically in context with uric 
acid stones (Figure 3) [65].

10. Effect of lipid diet on urolithiasis

According to some observational studies there is an association between lipid 
intake and stone formation in kidney. A study conducted by Khan et al. [66] 
observed significant changes in the concentration of lipids in urine among stone 
formers and healthy individuals. The altered lipid content in the membrane 
enhances nucleation and retention of calcium oxalate crystals which are the ini-
tial steps of calculi formation [66]. Another study conducted by Naya et al. [67] 
reported that there is a relation between urinary lipids and crystal formation as it 
correlates with urinary oxalate excretion. This association is more evident in case of 
arachidonic acid content of diet as it increases absorption of oxalate from intestine 
and increases its clearance from kidney [67]. Another study conducted by Baggio et 
al. also supports these results as they evidence a high concentration of arachidonic 
acid in red blood cell membranes and plasma of urolithiasis patients [68]. Still 
some contradictory studies are also available which says that there is no correlation 
between lipid diet and urolithiasis [69].

Figure 3. 
Effect of various food items in uric acid stone formation.
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11. Effect of milk and milk products on urolithiasis

The requirement of calcium to body is satisfied by calcium rich food stuffs 
such as milk (100–120 mg/dl), cheese (approx. 500–600 mg/100 g) and yogurt 
(approx. 100 mg/100 g). The amount of calcium intake affects the level of calciuria 
in kidney stone patients and also in healthy individuals. Specifically, the absorp-
tion of calcium will be on higher side in kidney stone formers. This is suggesting 
that increasing in dietary calcium intake than its normal range have its impact on 
calcium stone formation. This was considered to be a risk factor for many ears and 
physicians used to suggest to avoid calcium rich food in urolithiasis patients [70]. 
But according to most of the recent research work, the dietary calcium is no longer 
involved in formation stone as reduction in the dietary calcium did not show its 
impact on reduction of calciuria [71] and avoiding dietary calcium may lead imbal-
ance in calcium concentrations and cause certain complications like osteoporosis 
or osteopenia over a long period. In addition to this when there is a restriction on 
dairy products, patients may compensate its protein by consuming high quantity 
of animal protein which may show its own complications in long terms [72]. 
According to the results of most of pathophysiological studies reported so far, the 
risk of stone formation is less in subjects who consume high quantity of calcium 
than in those people who consume less amount of calcium irrespective of gender. A 
randomised study carried out over 5-year period reports that intake of less calcium 
diet by reducing milk related products is less significant in preventing calculi reoc-
currence than a normal calcium intake with low animal protein diet. Hence, in view 
of these results it’s necessary to understand that no idiopathic stone formers should 
be advised for less intake of milk and milk product which may lead to complications 
because of hypocalcaemia [73].

12. Effect of sodium chloride and potassium on urolithiasis

A significant relation between calcium stone formation and salt intake was first 
showed in a cohort study conducted by Curhan et al. [74]. Some studies conducted 
in further years did not succeed in confirming these results. A study conducted 
by Sabto et al. reports that daily intake of around 20–25 mmol of sodium will 
increase the calcium excretion in urine by 0.5–0.7 mmol/day, thus suggesting 
greatest impact of sodium on urinary calcium [75]. Salt present in the food stuff 
inhibits the tubular reabsorption of calcium thus leading to increased excretion 
of calcium in urine. In addition to this sodium chloride also inhibit the excretion 
of citric acid in urine, which is one of the significant risk factors for urolithiasis. 
The mechanism by which sodium decreases citric acid levels in urine is still unclear 
[76, 77]. Although there are no studies available to prove the fact that less sodium 
chloride intake will decrease the risk of calculi formation, but there are some 
studies which reports that beneficiary effect of low animal protein can be enhance 
by taking less sodium chloride. A well-balanced diet is with only required amount 
of sodium chloride will eventually help in preventing renal calculi [73]. Along with 
sodium even potassium is also involved in regulation of urinary calcium in human 
body. According to a study conducted by Muldowney et al., potassium deprivation 
was associated with increased calcium excretion in case of healthy individuals 
with normal diet with normal content of sodium chloride [78]. Another study 
conducted by Knight et al. also noticed in their study that sodium and potassium 
are involved in increasing urinary pH and its volume which are initial stages of 
cysteine stone formation [79].
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13. Effect of fruits and vegetable on urolithiasis

The role of fruits and vegetables in kidney stone formation is always been a 
controversial as these have shown both beneficial effects as well as harmful effects 
in case of Kidney stone disease. As fruits and vegetables are one of the important 
dietary sources of oxalate and this absorbed oxalate will be excreted in urine. If 
urine gets saturated with oxalate content it may become a risk factor for urolithiasis 
but however this oxalate is not withstanding [80]. Whereas there are some studies 
which have shown beneficiary effects of fruits and vegetables on urolithiasis as 
they contain high amount of magnesium and potassium and less amount of animal 
protein and sodium chloride. In addition, some fruits and vegetables also give 
alkaline therapy to the urine composition with their high content of bicarbonate 
and citric acid [81]. So it’s important to note that not all the vegetables and fruits 
are harmful for urolithiasis as very few will be rich in oxalate such as spinach, beets, 
nuts wheat bran etc. which significantly results in oxaluria [82]. Along with effect 
of dietary oxalate content, the absorption rate of oxalate may vary person to person, 
as a study conducted by 80 showed that around 9–12% of idiopathic urolithiasis 
patients have shown increased oxaluria because of their increased intestinal absorp-
tion rate by 15–30% [83]. Another study conducted by Lemann et al. [84] reported 
that intake of fruits and vegetables can enhance magnesium excretion which is one 
of the important inhibitors for calcium crystallisation. And also favours the dissolu-
tion of uric acid by changing pH of urine [84]. By considering all above-mentioned 
factors, we suggest physicians to recommend intake of fruits and vegetable in their 
day today life to all the type of stone formers with a note of restricting foods having 
increase oxaluric activity to avoid calcium oxalate stone formation. Elimination of 
fruit and vegetables from diet of normal subjects causes unfavourable changes in 
urinary composition and may become risk factor for stone formation as their defi-
ciency may significantly increase in super saturation of urine for calcium oxalate 
and calcium phosphate [85]. Considering above mentioned facts, we encourage 
physicians to advise their patients to consume fruits and vegetables regularly with 
restriction of vegetables showing hyperoxaluric effect to avoid increment in urinary 
oxalate content.

14. Effect of vitamins on urolithiasis

The role of vitamins in the formation of stone is still uncertain. But according 
to literature review, vitamins with higher risk of causing urolithiasis are ascorbic 
acid (vitamin C), pyridoxine (vitamin B6) and calcitriol (vitamin D). A study 
conducted by Broadus et al., reported that the subjects with increased calcium 
excretion had high levels of vitamin D in their blood sample which lead to increased 
absorption of calcium in the intestine. Excluding some special cases, it’s not sug-
gestible to give supplementations of vitamin D particularly with combination of 
calcium to kidney stone patients [86]. High intake of vitamin C (ascorbic acid) has 
become a widespread practice all over the world as ascorbic acid helps in wound 
healing and preventing degenerative diseases. Vitamin C is a precursor of oxalate 
and it may increase excretion of oxalate in urine which a risk factor for calculi 
formation [87]. Intake of vitamin C around 1300–1500 mg/day is acceptable, if 
intake increases more than 1500 mg/day it will lead to initiation of crystal forma-
tion in urine [88]. Among vitamin B complex Vitamin B6 paly a vital role in reduc-
tion of risk of stone formation. Vitamin B6 (Pyridoxine) involves in the metabolism 
of oxalate, so deficiency of pyridoxine may lead to increased production of 
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endogenous oxalic acid. Intake of Vitamin B6 around 40–50 mg/day in diet will 
eventually help to reduce excretion of oxalic acid in urine and reduce the risk of 
urolithiasis [89, 90]. In a summary, with regards to vitamins adequate amount of 
all the vitamins should be consumed through the diet as they a play important role 
in metabolism of vital biomolecules and also helps to maintain good health status 
of an individual. Kidney stone patients should avoid excess in take of ascorbic acid, 
and vitamin D supplementations as these have been reported as risk factors for 
urolithiasis. The patients can be advised to take good amount of pyridoxine as it is 
considered to reduce the risk of stone formation.

15. Conclusion

The prevalence of kidney stone disease has increased in recent years as a result 
of modification in eating and life style habits. Changes in urinary composition and 
urinary saturation is the initial step for stone formation. So, focusing on reducing 
urinary saturation may help to reduce the initiation of urolithiasis. Various preven-
tive measures are available which could reduce the burden of stone disease. Among 
all, dietary interventions show promising results in reducing the risk of stone 
formation as diet shows its direct impact on urinary composition. Among various 
types of stones, the most prominent stones such as calcium oxalate/phosphate 
and uric acid stones shows direct association with diet. According to our review of 
literature diet containing animal protein will increase urinary uric acid concentra-
tion which favours the uric acid stone formation. Diet with high oxalate content will 
increases urinary oxalate and combine with calcium to form calcium oxalate stones. 
Less fluid intake is one of the major risk factors for urolithiasis as fluid will help to 
dilute urine and reduce the saturation of urine. Considering these facts avoiding the 
foods with increased risk of stone formation and consuming balanced diet in kidney 
stone formers will help to reduce the reoccurrence and eventually help to reduce the 
prevalence of disease.

16. Summary

Urolithiasis is a highly prevalent disease with its increased rate in recent years 
across the world. A change in food habits and intake of high calorie food is one of 
the main reasons for increased prevalence of kidney stone disease. The main aim of 
focusing on dietary interventions is to reduce urinary lithogenic risk factors such 
as increased calciuria, uricosuria, phosphaturia and low urinary pH. According to 
literature survey it’s advisable to cut down high intake of animal protein and excess 
salt intake as animal protein increases uric acid concentration in urine and salt will 
increase mineral content of urine. Intake of high calorie food should also be reduced 
as it’s involved in increasing saturation of urine and it may also lead to other health 
complications such as metabolic syndromes. High intake of aerated or carbonated 
drinks should be avoided in kidney stone formers as they contain high amount of 
sugar (Fructose). Along with reduction in consumption of above-mentioned food 
items it’s equally important to consume food items which helps to alkaline the urine 
and reduce the risk of stone formation. According the literature survey it’s advis-
able to consume good amount of green leafy vegetables with less oxalate content. 
Adequate amount of vitamins have to be taken in diet as their absence may lead to 
some deficiency manifestations in an individual. Excess consumption of vitamins 
such as vitamin D and C should be avoided as they may increase the risk of stone 
formation. In addition to diet, intake of high quantity of water will help to dilute 
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C H A P T E R

A b s t r a c t  
Cardiopulmonary resuscitation (CPR) is a group of life-saving interventions performed to manually preserve adequate 
oxygenation and circulation in the event of a cardiac arrest.It is an effective method of keeping a victim of cardiac arrest 
alive until a definitive treatment is delivered. The sequence followed for adult CPR is C-A-B, chest compressions followed 
by securing the airway, and lastly providing the essential breaths. 
 CPR is immediately performed on any unconscious and a pulseless patient. The indications of an immediate CPR are 
ventricular tachycardia, ventricular fibrillation, asystole, and pulseless electrical activity (PEA). Do not resuscitate (DNR) 
order is the only contraindication of CPR. 
 CPR consists of basic life support (BLS) and Advanced Cardiac Life Support (ACLS). The correct method of performance 
of the chest compressions are, the compression rate should be 120/min, and the compression depth should be 2 inches. 
According to the AHA 2010 Guidelines, the compression to ventilation ratio should be 30:2 till the placement of an 
advanced airway. Ventricular fibrillation is an indication for immediate defibrillation. 
 The biphasic defibrillator provides at 200 J and a monophasic defibrillator provides energy at 360 J. The important steps 
in ACLS are, immediately start CPR, provide supplemental oxygen, continuous BP and SpO2 monitoring. Next the rhythm is 
checked. They are categorized as shockable and non-shockable rhythms. The shockable rhythms are ventricular fibrillation 
and ventricular tachycardia. The non-shockable rhythms are asystole and PEA. They must be treated by following the 
appropriate guidelines and protocols. 
 Survival rates of 1–6% have been reported in a few studies done in out of the hospital settings. The term extracorporeal 
cardiopulmonary resuscitation (ECPR) is used to describe a new technique of establishing a cardiopulmonary bypass, 
which is done during an ongoing effort of CPR. More data is needed from further studies including randomized trials to 
make solid recommendation pertaining to Extracorporeal CPR. 
 CPR is thus a life saving procedure, which when performed in a methodic way can save numerous lives. This life-
saving art is ever evolving with newer and more efficient ways of CPR being developed, which needs further research and 
validation. This article is a humble attempt to emphasize the importance of the current guidelines of CPR.

6 Cardiopulmonary Resuscitation: 
Current Guidelines

Kothiwale VA, Shirol Vivek V

Introduction
Cardiopulmonary resuscitation (CPR) is a group of life 
saving interventions performed to manually preserve 
adequate oxygenation and circulation in the event of a 
cardiac arrest.1 CPR is a fundamental component of the 
first aid. It is an effective method of keeping a victim of 
cardiac arrest alive until a definitive treatment is delivered.

The evolution of resuscitation has progressed 
enormously. The method like whipping a dead body 
with nettles was a primitive method of CPR. Here is a 
brief overview of the evolution of CPR down the years.2 In 
1500s when a person died, the body would be whipped in 
order to stimulate life. This was known as the whipping 
method of resuscitation. Around 1530, the bellows method 
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of resuscitation came into practice. In this method, a 
fireplace bellow would be used to blow hot air into the 
mouth of the victim. The rationale behind this was to 
replace warm air in the lungs with the warm air of fireplace 
using a bellow (Fig. 1).2

CPR is an emergency procedure, which involves 
providing high quality chest compressions along with 
rescue ventilations. The sequence followed for adult 
CPR is C-A-B, chest compressions followed by securing 
the airway and lastly providing the essential breaths. 
The late 1950s was the time of the development of the 
modern day practice of CPR.3 The benefits of external 
chest compressions were shown by Dr. Kouwenhoven, Dr. 
Knickerbocker, and Dr. Jude.4 Dr. Kouwenhoven was the 
first person to describe external defibrillation in 1957. It 
forms an important part of the present day guidelines of 
CPR.5 In 1960 the first basic life support (BLS) guidelines 
were formed and later in the year 1975, advanced cardiac 
life support (ACLS) was included as a part of CPR.

Indications and Contraindications6

CPR is immediately performed on any unconscious and a 
pulseless patient. Some of the common conditions which 
are the indications for an immediate CPR are, ventricular 
tachycardia (VT), ventricular fibrillation (VF) asystole and 
pulseless electrical activity (PEA).

Contraindications
Do not resuscitate (DNR) order is the only contraindication 
of CPR.

CPR consists of basic life support (BLS) and Advanced 
Cardiac Life Support (ACLS). The CPR provided in the 
field is the BLS. This helps in increasing the chances of 
survival of the patients, until emergency medical care staff 
reaches the patient to provide the ACLS.

The BLS stresses on the importance of following the 
American Heart Association (AHA) chain of survival:
�� Quick recognition of the emergency.
�� Immediate CPR initiation, which consists of efficient 

chest compressions and bag and mask ventilation.
�� Early usage of automated external defibrillation.

The ACLS consists of the following in addition to the 
BLS components:
�� Advanced airway management
�� Rhythm monitoring with ECG
�� Defibrillating when needed
�� Drug therapy
�� Post-resuscitation care

Basic Life Support
Automated external defibrillation (AED) and CPR 
together consist of the BLS. The International Liaison 
Committee on Resuscitation (ILCOR) and American Heart 
Association (AHA) together framed the guidelines of BLS. 
The important elements are summarized here.

Chest Compressions
The most important aspect of CPR is the correct 
performance of the chest compressions. The coronary 
and cerebral perfusion pressure falls very quickly if the 
compressions are delayed or not performed properly 
during CPR.

The important points to be followed when performing 
effective chest compressions are:
�� The rate should be 120 compressions every minute.
�� Compression depth should be 2 inches.
�� Complete chest recoil should be allowed between each 

chest compression.

Compression-only CPR
Reluctance of the rescuers to perform mouth to mouth 
ventilation is a common occurrence. In such conditions 
the AHA 2010 Guidelines recommend the performance 
of CPR with only the chest compressions. The rescuers 
should not struggle to palpate the pulses and CPR should 
not be discontinued till the emergency medical service 

Fig. 1: Whipping method of CPR
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personnel arrives at the scene, or the patient himself 
wakes up.

Ventilations
The importance of ventilation arises when the patient 
remains pulseless for a prolonged period of time. 
Ventilations must be given such that enough tidal volume 
is delivered, which is confirmed with an effective chest rise. 
Excessive ventilation must be avoided as it compromises 
the cardiac output.

Compression-Ventilation Ratio
According to the AHA 2010 Guidelines, the compression 
to ventilation ratio should be 30:2 till the placement of 
an advanced airway. After an advanced airway is placed, 
continuous and effective chest compressions are to be 
provided. Ventilations are provided asynchronously at the 
rate of 6–8 times per minute.

Defibrillation
Ventricular fibrillation is an indication for immediate 
defibrillation to ensure the survival of patients. The AHA 
2010 Guidelines recommend in adults, defibrillation using 
the highest available energy. The biphasic defibrillator 
provides at 200 J and a monophasic defibrillator provides 
energy at 360 J.

Phases of Resuscitation
There are three phases in the event of a cardiac arrest. 
The electrical phase consists of the first 5 minutes. 
Defibrillation is the treatment for this electrical phase. The 
hemodynamic phase extends up to the next 10 minutes. 
Effective chest compressions are crucial for the survival of 
the patients in the hemodynamic phase of cardiac arrest. 
This helps in generating adequate cerebral and coronary 
perfusion. The metabolic phase starts after 10 minutes 
of cardiac arrest. Survival of the patients who are in this 
phase is poor.

Advanced Cardiac Life Support
The advanced cardiac life support (ACLS) Guidelines 
are usually followed in the in-hospital setting for the 
management of the cardiac arrest. It includes the following:
�� Treatment with drugs
�� Monitoring of the ECG

�� Defibrillating when needed
�� Advanced airway protocol

The following treatment measures are not to be used:
�� Injection atropine for PEA and asystole.

Steps in ACLS (adult arrest protocol):
�� Immediately start CPR
�� Provide supplemental oxygen
�� Continuous BP and SpO2 monitoring
�� Next the rhythm is checked
�� The following are the shockable rhythms: ventricular 

fibrillation and ventricular tachycardia
�� The nonshockable rhythms are asystole and PEA

If it’s a shockable rhythm, the following steps are undertaken:
The treatment of VT and VF:
�� Immediate defibrillation.
�� CPR to be continued for 2 minutes.
�� IV access is obtained immediately.
�� Place an advanced airway.
�� IV epinephrine is administered every 3–5minutes.
�� Pulse and rhythm are monitored every 2 minutes.
�� If the rhythm is a nonshockable rhythm, then CPR is 

continued.
�� A second defibrillation attempt is done if it’s a shock-

able rhythm.
�� Next administer IV amiodarone if the rhythm is a 

shockable.
�� Meanwhile attempt is made to identify and treat the 

reversible causes.

If it’s a non-shockable rhythm, then the following steps are 
undertaken:
The treatment of asystole and PEA:
�� CPR to be continued for 2 minutes.
�� IV access is obtained immediately.
�� Place an advanced airway.
�� IV epinephrine is administered every 3–5 minutes.
�� Pulse and rhythm are monitored every 2 minutes.
�� An attempt is made to identify and treat the reversible 

causes.

Shock energy:
�� Biphasic: 120–200 J initial
�� Monophasic: 360 J

Drug therapy:
�� IV Adrenaline 1 mg every 3–5 minutes.
�� IV Amiodarone 300 mg stat. Followed by IV Amiodarone 

150 mg as the next dose.
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Advanced Airway
The placement of supraglottic airway or an endotracheal 
tube is known as advanced airway. Confirmation of the 
correct endotracheal tube placement is done by the 
waveform capnography. Ventilations are provided every 
6 seconds and asynchronous with chest compressions. 
The advanced airway is to be placed within a period of no 
more than 10 seconds.

Oxygen administration, securing the IV lines, 
monitoring the ECG and patient’s SpO2 form the 
other important interventions as mentioned in the 
ACLS guidelines.7 Many studies suggest that the chest 
compressions, which form the basis of the CPR are 
often performed with too many errors and with too 
many interruptions.8-12 The new motto is: circulation, 
airway, breathing (C-A-B). Once the patient becomes 
unresponsive, resuscitation is initiated at once by aiding 
the circulation with the chest compressions. This is 
followed by opening of the airway, and then finally comes 
the delivery of the breath. Reduced blood flow is the main 
reason for the deficiency of oxygen to the brain.13,14

Flowcharts 1 and 2 show the algorithm for the 
management of tachycardia and bradycardia.

CPR and Survival
Assessments of survival from an event of sudden cardiac 
arrest vary widely. Survival rates of 1–6% have been 
reported in a few studies done in out of the hospital 
settings.15-17 According to three systematic reviews, the 
survival of the patients who were treated by emergency 
medical services personnel was reported to be 5–10%. 
When the culprit rhythm was ventricular fibrillation, the 
survival rate rose to 15% when CPR was immediately 
provided.17-19 Poor outcomes have been seen when 
the technique of CPR was faulty or when CPR was not 
provided immediately after the cardiac arrest.20

The Changes in CPR Guidelines  
Since 201021

The 2015 European Resuscitation Council Guidelines are 
as follows:
�� Favorable outcomes are greatly dependent on 

effective CPR. The method and rate of the chest 
compressions remain unchanged. The rate should be 
120 compressions every minute and the compression 

depth should be 5 cm. Complete chest recoil should 
be allowed between each chest compression. Chest 
compression to ventilation ratio remains the same 
30:2.

�� Defibrillation within 3–5 minutes of cardiac arrest has 
shown to produce survival rates as high as 50–70%. 
Early defibrillation is the key to success.

�� Waveform capnography should be used to confirm 
and monitor endotracheal tube placement, quality of 
CPR and indicate the return of spontaneous circulation 
(ROSC).

�� The drug treatment during CPR remains unchanged.

Cardiac arrest in special circumstances:
�� In the event of asphyxia induced cardiac arrest, the 

survival of the patients is poor. Severe neurological 
damage has been noticed. Early supplemental oxygen 
therapy during the CPR leads to better survival rates 
with low morbidity.

�� Immediate rewarming is very essential for the survival 
of the patients who have suffered cardiac arrest 
associated with hypothermia. Extracorporeal life 
support plays an important role in the management of 
such subset of patients.

�� For events associated with anaphylaxis, early treatment 
with IM adrenaline is the treatment of choice.

Post resuscitation management:
�� For out-of-hospital sudden cardiac arrest (SCA) 

due to a cardiac event, early percutaneous coronary 
interventions have a great value in improving the 
survival rates.

�� Temperature management of the patient is an 
important aspect in the post-resuscitation care. The 
temperature of 36°C remains the target optimum 
temperature for the care of patients who are recovering 
from an event of cardiac arrest.

AHA Recommendations—Updated 201922

�� Either bag and mask ventilation or an endotracheal 
tube is considered optimum for the performance of 
CPR.

�� The supraglottic airway can be used as an alternative 
for adults in out-of-hospital cardiac arrest when 
endotracheal intubation success rate is minimal.

�� IV adrenaline 1 mg every 3–5 minutes is recommended 
to patients in cardiac arrest.
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Flowchart 1: Tachycardia algorithm (with pulse)
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Flowchart 2: Bradycardia algorithm

�� Vasopressin alone can also be used instead of 
adrenaline in cardiac arrest. But it offers no added 
advantage over adrenaline.

�� Vasopressin can also be used in combination with 
epinephrine during cardiac arrest.

�� It is advocated to administer adrenaline as soon as 
possible in the event of a cardiac arrest with a non-
shockable rhythm.

�� When the initial  defibrillation attempts have  

failed in a case of cardiac arrest with a shockable 

rhythm, the next step is the administration of IV 

adrenaline.
�� In a select few patients, extracorporeal CPR can be 

utilized as a rescue therapy when conventional CPR 

efforts have failed.
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Extracorporeal CPR
The term extracorporeal cardiopulmonary resuscitation 
(ECPR) is used to describe a new technique of establishing 
a cardiopulmonary bypass, which is done during an 
ongoing effort of CPR. IV access of a large vein and artery is 
established and a venoarterial extracorporeal circulation 
is begun with an effort to obtain adequate oxygenation 
during CPR.22 When potentially reversible conditions 
are addressed, the goal of ECPR is to support end-organ 
perfusion.22 Improved favorable neurological outcome 
was observed for both short-term and long-term follow-up 
in three studies dealing with ECPR.23-25 Many systematic 
reviews, which evaluated the concept of ECPR, included 
young patients with less comorbidities.26 For example, 
a young subject without comorbidities with a sudden 
arrest secondary to presumed cardiac arrhythmia may be 
considered a better candidate than an elderly patient with 
malignancy and cardiac arrest. More data is needed from 
further studies including randomized trials to make solid 
recommendation pertaining to ECPR (Fig. 2).22

Termination of Resuscitative Efforts
Following are the scenarios, which can be considered for 
the termination of the resuscitative efforts:27-31

�� Prolonged CPR effort of more than 30 minutes, but no 
establishment of spontaneous recovery of circulation.

�� A prolonged period of time between the occurrence of 
the cardiac arrest and the beginning of CPR.

�� Elderly patients with multiple comorbid conditions.
�� Failure to elicit the brainstem reflexes.
�� End tidal CO2 of less than 10 mm Hg after 30 minutes 

of continuous CPR. This is a sign of circulatory collapse 
and irreversible damage.32-34

Conclusion  
CPR is thus a life saving procedure, which when performed in 
a methodic way can save numerous lives. This life saving art is 
ever evolving with newer and more efficient ways of CPR being 
developed, which needs further research and validation. It is 
the physicians’ responsibility to keep oneself updated with the 
recent guidelines of such an important emergency procedure. 
This article is a humble attempt to emphasize the importance 
of the current guidelines of CPR.
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Introduction 

Physiologic events that occur during the transition from fetal to extra-

uterine life at birth have attracted the attention of investigators for several 

decades. Because of the critical life-threatening possibilities during this 

transition, the period from birth to first breath was labeled as the “Period 

of Grace” by Clement Smith of Boston1 more than a half a century ago. 

This reflected the fact that many children never manage to adapt to extra-

uterine life and succumb immediately after birth without additional help. 

Sadly this remains the case even today in many developing countries 

around the world. However, the advances in perinatal and neonatal 

medicine gained during the last century are making their impact on better 

neonatal outcomes worldwide.       

The physiology of the fetal circulation and the changes during transition 

have been discussed in detail in the first chapter of this book.2 Nevertheless it 

is pertinent to review these critical changes to better understand the 

principles of neonatal resuscitation in the delivery room.3 Resuscitation of 

the newborn is dependent on the initiation of respiration and effective 

oxygenation soon after birth. Until recently, assessment of the 

improvement in oxygenation of the newborn during resuscitation was 

mainly based on clinical observation.4 However, clinical observation alone 

may be inaccurate for judging the degree of oxygenation. O’Donnell et al. 

have shown that clinical assessment of oxygenation based on color can be 

inaccurate.5 The innovation of a non-invasive method of assessing 

oxygenation using pulse oximetry, and its simplicity of application in the 

newborn, has made it possible to measure oxygenation continuously 
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during transition soon after birth. Pulse oximetry may also be used to 

assess oxygenation during neonatal resuscitation.3,6 In this chapter we will 

review the physiologic aspects of cardiopulmonary changes and the value 

of pulse oximetry during the first minutes of life in assessing the normal 

and abnormal transition that occurs soon after birth. 

Fetal Circulation 

Fetal circulation is distinguished by its unique physiology.7,8 Fetal blood is 

oxygenated at the placental level while the fetal lung remains dormant in 

its function as an organ of oxygenation. The main features of fetal 

circulation are: Oxygenated blood is carried by the umbilical vein from the 

placenta to the right atrium and deoxygenated blood is carried by the 

umbilical arteries to the placenta. Three shunts are functional during fetal 

circulation, namely the ductus arteriosus, ductus venous and foramen 

ovale. High pulmonary vascular resistance and low placental resistance aid 

the exchange of gases at the placenta. The mechanisms for the presence of 

the high degree of fetal pulmonary vascular resistance have been explained 

on the basis of both active and passive resistances.8-10       

The passive resistance is due to the compression of pulmonary capillaries 

by fetal lung fluid. The active vasomotor tone secondary to a hypoxic level 

of pulmonary venous blood is mainly responsible for the pulmonary 

vasoconstriction in the fetus.11,12 Because of the high pulmonary vascular 

resistance, the majority of the blood pumped from the right ventricle enters 

the descending aorta through the ductus arteriosus for distribution to the 

lower part of the body and the placenta via the umbilical arteries, for 

oxygenation. 

Transitional Neonatal Circulation 

Dramatic changes occur during the fetal to neonatal transition at birth, to 

adapt the baby to extra-uterine life. These events follow the initiation of 

the first breath of the newborn. The first breath of the newborn is triggered 

both by the physiologic interaction of low oxygen levels and high CO2, 

and environmental changes which stimulate the respiratory center. With 

subsequent breaths, the lungs continue to expand until normal functional 

residual capacity (FRC) is established. Concomitantly there is a marked 

decrease in the pulmonary vascular resistance, resulting in increased blood 

flow from the right ventricle to the lungs. The decrease in pulmonary 

vascular resistance increases the blood flow returning to the left atrium. 
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The pressure in the left atrium increases, which closes the foramen ovale 

by pressing the valve of the foramen ovale against the septum secundum. 

The foramen ovale closes functionally at birth.13,14       

As the pulmonary vascular resistance is now lower than the systemic 

resistance, the blood flow in the ductus arteriosus reverses, passing from 

the aorta to the pulmonary trunk. The ductus arteriosus constricts at birth 

but there is often a small left-to-right shunt for 24 to 48 hours in a normal, 

healthy infant. Several events promote ductus constriction in the full term 

newborn. These include an increase in the arterial partial pressure of 

oxygen, a decrease in the blood pressure within the ductus (due to the 

postnatal decrease in pulmonary vascular resistance), a decrease in the 

circulating prostaglandin (PG) E2 (due to the loss of placental PG 

production and increase in PG removal by the lungs), and a decrease in the 

number of the PGE2 receptors in the ductus wall. Fifty percent of the ducts 

are functionally closed at the end of 24 hours, ninety percent by 48 hours 

and one hundred percent by 72 hours. The anatomical closure of the 

ductus and formation of the ligamentum arteriosum occurs by the twelfth 

week.  

Transitional Pulmonary Physiology: 

 The Science of First Breath 

It is important to note that circulatory changes that occur alone during 

transition do not completely explain improved oxygenation soon after 

birth. In order to sustain oxygenation after birth and placental separation, 

parallel to circulatory changes, critical changes take place in the 

previously dormant lung during the first few breaths of the newborn. Two 

major developmental changes in the lung prepare the fetal lung for extra-

uterine gas exchange. 1) The lung in utero is not a completely collapsed 

organ; it is filled with lung fluid. The mechanisms of production and 

constituents of lung fluid have been well studied. A lack of production of 

lung fluid or loss of lung fluid from chronic leakage is associated with 

hypoplasia of the lung, and a consequently difficult neonatal transition; 2) 

Although not consequential in oxygen delivery, fetal breathing movements 

are considered important for the newborn to have a smooth fetal to 

neonatal transition. Fetal breathing movements start midway through 

gestation. These are intermittent breathing movements lasting for varying 

periods, but they occur for about 20 minutes of every hour near term. 

Sensory stimulation and cooling of the skin, changes in the arterial oxygen 

and carbon dioxide levels, and the detachment of the placenta are the 
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factors found to be responsible for the onset of continuous breathing after 

birth.15-17 

In the normal fetus-to-neonatal transition, replacement of fetal lung fluid 

with air is an important step towards the establishment of smooth 

respiration. Karlberg, Vyas, Milner and their associates successfully 

conducted studies on newborns to understand the changes that occur with 

the first breath.17-19 They studied air flow, pressure, and volume changes in 

the lung using an intra-esophageal catheter, face mask, and low resistance 

pnuemotach. In addition, they took serial chest X-rays starting at the time 

of birth and initiation of the first breath, and continued to take chest X-rays 

during subsequent breaths until the establishment of sustained ventilation. 

They found that with the first inspiration the pressure generated varied 

from 10 to70 cm H2O and the inspiratory volume was 20-75 ml. 

Expiration was passive and there was no pause at the end of inspiration. 

The residual volume varied from 0 to 70 ml and subsequent breaths 

required lower intra-thoracic pressures. The total respiratory work was 

equal to the square of the tidal volume. The total inspiratory work during 

the first three breaths showed no difference. A significant correlation has 

been shown between the first inspiratory volume and the FRC at the end of 

the first breath (p <0.004). Figure 9-1 shows the sequential changes that 

occur in the inspiratory pressure, fluid in the alveoli, ductus arteriosus, and 

foramen ovale during the “First Breath” and subsequent breaths. Full 

inflation and prolonged expiration associated with the baby’s crying drives 

out nearly 100 ml of fluid with the first few breaths. When taking the first 

breath after birth, a healthy newborn exerts a negative intrathoracic 

pressure of approximately 50 cm H2O (0-100cm H2O) and with adequate 

surfactant supply will develop an FRC of approximately 5-6 ml/kg.18,19 

There is increased production of adrenaline by the fetus, and of 

thyrotropin-releasing hormone and glucocorticoids by the mother with the 

onset of labor; this stimulates the reabsorption of fluid by the pulmonary 

epithelial cells. During vaginal delivery at term, up to 35 ml of fluid is 

expelled from the baby’s lungs by uterine contraction and passage through 

the birth canal. Similar findings were observed by other investigators in 

various experimental models.20-25 
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Figure 9-1. Sequential changes at birth. The figure diagrammatically shows the 

sequential changes in four physiologic parameters:  

 Left vertical panel. Pressure (p) Volume (v) loop during the “First 

Breath” starting in the top portion to lower panel. Note that the lungs 

open up only after reaching a certain opening pressure. Functional 

residual volume is established at the end of the first breath (third panel 

from the top) facilitating the easier second and subsequent breaths.  

 The second vertical panel from the left shows the changes in the alveoli, 

starting from the top. The liquid-filled alveoli open up with increasing 

intra-alveolar pressure, as seen in the pressure/volume (PV) curve, 

eventually establishing functional residual volume and the formation of 

an air-liquid phase with a monolayer of surfactant lining the alveoli 

(Bottom). Note that the horizontal lines below the alveolus depict 
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pulmonary vessels and blood flow. With the increase in alveolar pressure 

there is an increase in the pulmonary blood flow. 

 The third vertical panel diagrammatically shows the changes in the 

pulmonary blood flow and patency of the PDA before the first and 

subsequent breaths. Refer to the text for details. 

 The fourth vertical panel shows the changes in left atrial filling and 

closure of the foramen ovale prior to and following the first breath, top to 

bottom. Refer to the text for details. 

Sequential changes with the first and subsequent breaths. Note that less pressure is 

required to open the alveolus with subsequent breaths, air displaces fluid from the 

alveolus with each breath, and the ductus arteriosus foramen ovale close. 

In summary, with the first breath there is a mechanical expansion of the 

lungs, and fluid is pushed out from the alveoli and absorbed into the 

lymphatic system. With subsequent breaths, the alveoli are filled with air 

which contains 21% oxygen. As a result of gaseous distension and 

increased oxygen in the alveoli, the blood vessels in the lungs relax, the 

pulmonary blood flow increases, and well-oxygenated blood is pumped for 

the whole body. These pulmonary changes, in conjunction with improved 

pulmonary circulation, establish normal postnatal circulation and 

oxygenation. Lang et al. studied the changes in pulmonary blood flow in 

newborn rabbits whose lungs were partially aerated using 100% N2, air, 

and 100% O2. They showed that the increase in pulmonary blood flow and 

lung aeration immediately after birth are not spatially related and that 

oxygen is not the only stimulus to initiate aeration-induced changes in the 

pulmonary blood flow.26 Further studies are required to understand the 

underlying mechanisms for the changes in pulmonary blood flow 

immediately after birth. 

Abnormal Cardiopulmonary Transition and Oxygenation 

Compromised and at-risk newborn infants born by cesarean section, and 

premature infants, are prone to experiencing difficulties in establishing a 

normal transition at birth. The consequent burden of birth asphyxia is a 

major concern. Its prevention requires attention to proper resuscitation in 

the delivery room. It is estimated that 10-15 % of babies require 

resuscitation in the delivery room. At a global level it is estimated that 1 

million babies may require resuscitation to establish transition and normal 

oxygenation for the baby, to prevent hypoxia. With this background the 

American Heart Association (AHA) and American Academy of Pediatrics 

(AAP) developed the Neonatal Resuscitation Program (NRP) to train 

healthcare workers to provide proper resuscitation in the delivery room.3,4 
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The main objective is to establish normal breathing and adequate 

oxygenation. Clinical observation of color is the main guide to assess 

neonatal oxygenation. However, clinical assessment of oxygenation in the 

newborn has been proven to be inadequate.5 Then, an invasive method of 

blood gas monitoring became the standard way to precisely monitor blood 

PaO2. The introduction of the non-invasive method of pulse oximetry 

several decades ago opened the door to monitoring blood oxygenation 

continuously in newborns. Now pulse oximetry is a standard method of 

monitoring the newborn in the Neonatal Intensive Care Unit (NICU). 

Indeed, it is considered to be the fifth most important vital sign after heart 

rate, respiratory rate, blood pressure, and temperature.27 The use of pulse 

oximetry in the delivery room to assess the degree of desaturation and 

guide the resuscitation of the newborn is now standard practice in tertiary 

care centers with trained birth attenders all over the globe.28 Several 

investigators have demonstrated the importance of pulse oximetry in the 

delivery room to assess the oxygenation of the newborn after the first 

breath.29-42 In the following pages we shall provide a review of the studies 

on pulse oximetry and the current knowledge of its applications in the 

delivery room. 

What is Pulse Oximetry? 

Pulse oximetry is a noninvasive method used to measure the level of blood 

oxygen saturation (SpO2).43,44 A pulse oximeter consists of a small light 

emitting diode (LED) and a photodiode which are placed opposite each 

other with the translucent site (eg., palm, wrist, sole, or finger in newborns) 

in between the two diodes. The LED transmits red light with a wavelength 

of 660 nm and infrared light with a wavelength of 905,910 or 940 nm 

which is received by the photodiode on the opposite side. The absorption 

of red and infrared light by oxyhemoglobin and deoxyhemoglobin present 

in the blood between the two diodes varies at these wavelengths, and this 

is calculated as the R/IR ratio and converted into the SpO2 value using the 

look-up tables provided by the manufacturer. These tables are based on 

reference values obtained from healthy volunteers who were made 

hypoxic with saturations as low as 60-70% under controlled conditions. 

Therefore the accuracy of pulse oximetry is limited to oxygen saturations 

above 60-70%. 

The signal varies with each myocardial contraction due to the surge of 

blood through the arteries which increases the blood volume at the 

measuring site. This is displayed in the waveform on the monitor. By 
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subtracting the minimum absorption (due to the constant presence of skin, 

soft tissue, and venous blood at the site) from the peak absorption (due to 

the surge in blood volume) a monitor can show only the absorption caused 

by the arterial blood. Hence the presence of a pulse is important for the 

functioning of the pulse oximeter.       

The major drawbacks of conventional pulse oximetry are obtaining 

reliable data during movements of the limbs, and low perfusion at the 

measuring site. The reason for this is a difficulty in distinguishing 

pulsating arterial blood from moving venous blood. In 1995, Massimo 

introduced signal extraction technology (SET) that could accurately 

extract the arterial signal from the venous signals and thus overcame the 

problems caused by motion artifacts.       

Oxygen in blood is carried in two forms: 98-99% is bound to hemoglobin 

(Oxyhemoglobin) and the rest is dissolved in the blood plasma (PO2). The 

combined oxygen content is represented in ml O2/100ml of the whole 

blood. Tissues utilize the dissolved form of oxygen. The oxygen 

hemoglobin dissociation sigmoid shape curve explains the relationship 

between these two forms of oxygen. Oxygen bound to the hemoglobin is 

released into the blood’s plasma and absorbed into the tissues. Each 

hemoglobin molecule has the capacity to carry four oxygen molecules. 

The oxygen saturation is the ratio of the oxygen bound to the hemoglobin 

to the oxygen-carrying capacity of the hemoglobin, which is expressed as 

a percentage. Various physiological factors in the newborn period affect 

the oxygen dissociation curve. Fetal hemoglobin has a high affinity for 

oxygen, and as such, when fully saturated, there is a high percentage of 

oxyhemoglobin. This shifts the curve to the left.       

Hypothermia, a common neonatal problem, also shifts the curve to the left. 

Low pH secondary to metabolic acidosis in a hypoxic infant and a 

decreased amount of 2,3-DPG are other factors that can cause a shift of the 

curve to the left. The difference between the neonatal and adult 

hemoglobin-oxygen dissociation curves is shown in Figure 9-2. In normal 

infants, the P50 (PaO2 at 50% oxygen saturation) on day one of life is 20 

mmHg, in contrast to 27 mmHg in adults. The P50 in term infants 

increases gradually and reaches adult values by 4-6 months of life. 

Further, a less than 24 hour-old infant can have saturations in the mid-90s 

and yet have a PaO2 of 50-60 mmHg. An infant with a PaO2 as low as 40 

mmHg may appear pink despite low PO2 values because of the high 

oxygen affinity associated with fetal hemoglobin. Thus, it should be noted 
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that lower PO2 values in the newborn infant do not accurately indicate the 

amount of oxygen available to the tissue. 

 

Figure 9-2. Oxygen dissociation curves. Oxyhemoglobin equilibrium curves of 

blood from term infants at birth, and adults (Ref; Fetal & Neonatal Physiology 3rd 

Edition, Chapter 86). The figure shows that in the fetal hemoglobin oxygen the 

dissociation curve is shifted to the left (A) compared to the adult hemoglobin 

oxygen dissociation curve (B). The figure also shows that at 50% saturation, fetal 

hemoglobin has a lower PaO2 (20 mmHg) than the adult hemoglobin (30 mmHg), 

indicating oxygen is tightly bound to fetal hemoglobin even at lower PaO2. Most 

importantly, an infant with a PaO2 as low as 40 mmHg may appear pink despite 

low PO2 values, because of the high oxygen affinity associated with fetal 

hemoglobin. Thus it should be noted that lower PO2 values in the newborn infant 

do not accurately indicate the amount of oxygen available to the tissue. See the text 

for details.   
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Immediately after birth the presence of a large amount of fetal hemoglobin 

shifts the curve to the left compared to curve found in adults. In addition, 

the steep portion of the curve which allows the tissues to extract large 

amounts of oxygen with a minimal drop in the PO2 will also shift the curve 

to left. Consequently even a major drop in the PO2 from 80 to 40 mmHg 

will not affect the oxygen saturation much. 

Oxygen saturation is therefore a more precise indicator of the oxygen 

content in blood than PaO2 and more important to monitor physiologically 

since it gives a complete picture of the amount of oxygen available for use. 

Measurements of oxygen saturation levels soon after birth also indicate the 

degree of interaction between ventilation and pulmonary blood flow, and 

thus provide a good measure of the postnatal adaptation of the newborn. 

This is the basis of using pulse oximetry as a tool for monitoring the 

newborn in the delivery room. 

The use of pulse oximetry for neonatal care began in the 1980s and the 

earliest reported use in delivery room was in 1986 by Sendak and Harris, 

to monitor the changes in SpO2 immediately after birth.45,46 Since then, 

investigators have been interested in monitoring SpO2 changes in the 

newborn immediately after birth, and have developed guidelines for the 

use of oxygen in the delivery room. The experience with pulse oximetry 

soon after birth in the delivery room is discussed in detail below. 

The Need for Measuring Oxygen Saturation  

in the Delivery Room 

As stated earlier, birth asphyxia remains a major problem in neonatal 

medicine. It is one of the leading causes of death in developing countries.47 

Although birth asphyxia is much less of a problem in developed countries, 

it is still a major concern because the consequences of birth asphyxia, 

namely the development of hypoxemic encephalopathy and, later, 

neurodevelopmental delay, are serious. 

Therefore, the recognition of infants at risk of developing birth asphyxia 

and the presence of experienced health care persons capable of 

resuscitating the newborn are essential primary steps in preventing the 

after-effects of birth asphyxia. Aggressive efforts have been taken by 

AHA and AAP to promote the training of healthcare personnel using a 

well-designed, evidence-based, physiologically appropriate Neonatal 

Resuscitation Program.3,4 It was found that a clinical assessment of the 

oxygenation of the blood while undertaking resuscitation based on skin 
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color is not accurate enough to assess blood oxygenation.4 Hence the use 

of pulse oximetry in the delivery room is recommended to guide neonatal 

resuscitation and maintain normoxia in the newborn. 

As mentioned earlier, the earliest reported use of pulse oximetry in the 

delivery room was by Sendak and Harris et al.45,46 who documented low 

oxygen saturation levels in healthy term infants until 7 minutes of age, 

even with normal Apgar scores. They suggested that the objective SpO2 

measurement using pulse oximetry, along with subjective clinical 

assessment, would be more beneficial to identifying infants at risk of 

hypoxemia. Since then, other studies have confirmed their observations. 

Several investigators have reported changes in oxygen saturation 

immediately after birth in newborns. Kamlin40 and Rabi30 and their 

associates showed a gradual rise in pre-ductal oxygen saturation during the 

first 5 to 10 minutes of life in infants of >31 or ≥35 weeks’ gestational age, 

respectively, who received neither assisted ventilation nor supplemental 

oxygen. The median time to reach an oxygen saturation of 90% was 4.7 

minutes in the Kamlin study and 8 minutes in the Rabi study. Kamlin et al. 

found the median SpO2 level at 1 minute of life to be 63%, with an 

interquartile range of 53% to 68%, and at 3 minutes of age the lower 

interquartile range was still 64%. In a study of the pre- and post-ductal 

SpO2 of 50 neonates using 2 Nellcor 300 pulse oximeters,32 the pre-ductal 

SpO2 values reached 95% by 12 minutes, compared to 15 minutes at post-

ductal sites. O’Brien and colleagues attempted to monitor oxygen 

saturation in 90 term infants for the first 24 hours of life using the Nellcor 

N 200 pulse oximeter, analyzed in 6 four-hour stages. The baseline Spo2 

was between 89% and 100%.35 Only one infant had an oxygen saturation 

of <80% during an apneic episode.       

Overall, when we compare these studies, the results of sequential SpO2 

changes have been consistent, establishing the median SpO2 at 1 minute of 

life at approximately 60% to 70%. Soon it was found that there was a need 

to establish the reference values for oxygen saturation in newborns 

delivered in resource-poor settings. Dawson et al. created percentile charts 

for SpO2 changes in the first 10 minutes of life using the data of 61,650 

SpO2 measurements from 468 infants who did not receive any 

interventions other than warmth and stimulation.48 The authors refer to 

them as “Reference” charts for changes in SpO2 values in first 10 minutes 

of life. This study was done when immediate cord clamping was standard 

policy and immediate skin-to-skin contact was not routine. A study on the 

use of pulse oximeters on neonates delivered at home by midwife-

supervised, uncomplicated vaginal births, where delayed cord clamping 
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(DCC) and immediate skin-to-skin contact (ISSC) are routinely done 

showed higher SpO2 in the first minutes compared to these reference 

ranges.49  

We studied changes in oxygen saturation in 50 healthy term infants from 

immediately after birth and throughout the first 12 hours of life.50 We 

plotted a graph of the median SpO2 values against time from birth, and 

compared it with Dawson’s published data (Figure 9-3). The difference in 

the time taken to achieve an SpO2 of 90% in our study group compared to 

that of Dawson’s data was 2 minutes. Our cohort was further delayed in 

achieving an SpO2 of 95%, doing so 4 minutes later than the subjects in 

Dawson’s study. The red line in the figure depicts the drop in pulmonary 

vascular resistance that occurs during this period. The delayed decrease in 

pulmonary vascular resistance in our group due to environmental 

hypothermia may explain the delay in achieving >95 % saturation (7 

minutes vs.11 minutes). 

Rao and Ramji from India previously reported the use of pulse oximetry in 

the delivery room to monitor oxygen saturation in babies with birth 

asphyxia.35 Thirty normal birth weight infants who did not receive 

resuscitation at birth were used as controls. The mean SpO2 in the control 

group was 69.3%, 82.3%, 89.3%, and 93.7% at 1, 3, 5, and 10 minutes 

respectively. In our study, we found similar SpO2 values of 69% (68-79) at 

1 minute and 94% (88-97, n:45) at 10 minutes of age. Another study from 

Thailand, using Massimo technology for SpO2 monitoring, showed the 

SpO2 at 2, 3, 4, 5, and 6 minutes to be 77% (72-92), 84% (75-94), 88% 

(80-94), 90% (79-95) and 95% (85-97) respectively, which are closer to 

Dawson’s reference ranges. These studies were limited to premature 

babies and the median time to record the initial reliable SpO2 and HR was 

160 seconds.38 

Table 9-1 summarizes the studies reported so far on changes in SpO2 

immediately after birth in the newborn. The International Liaison Committee 

on resuscitation developed resuscitation guidelines for newborns in 2010 

after considering these studies from different countries around the world.3 

(Table 9-2). 
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Figure 9-3. Changes in oxygen saturation immediately after birth. The figure 

shows changes in oxygen saturation during the first 11 minutes of life in two 

studies. The curve with the solid line is based on data from a study by Dawson et 

al.45 and the curve with the dotted line on data from the authors’ study.46 The X 

axis shows time in minutes after birth and the Y axis shows % oxygen saturation as 

measured by pulse oximetry. The curved line is drawn to show the expected 

changes (a steady drop) in pulmonary vascular resistance with time after the 

initiation of the first breath. The horizontal lines intersect the dissociation curves to 

show levels of 90% and 95% saturation respectively.  

The vertical lines show the time at which 90% and 95% oxygen saturation was 

reached in each study. In Dawson’s study (solid line) 90% saturation was reached 

at 4.5 minutes and 95% saturation at 7.0 minutes. In our study (dotted line) 90% 

saturation was reached at 6.5 minutes and it took 11 minutes to reach 95 % 

saturation. (Please see the text for details.) 
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Table 9-1. Studies on SpO2 Changes Immediately After Birth 

 

Author 

 

Gestation Technology Duration No. of 

infants 

Site of 

monitoring 

Values obtained 

SpO2% 

Kamlin38 >31wks Massimo 15 min/ 

SpO2>90% 

205 Pre-ductal 63, 70, 76, 81, 90 

at 1, 2, 3, 4, 5 min 

Altuncue39 Term Nellcor 

Oximax 

N-550B  

Until 

SpO2>95% 

150 Pre-ductal 71, 92, 98 at 1, 5, 15 

min 

Rabi28 >35 wks Massimo 10 min 45 Pre-ductal 87, 91 at 5, 8 min 

Dimich29  OhmedaBiox 

3700  

 24 hours 100 Pre-ductal 

 

Post-ductal 

71.9, 83.3, 90.7, 95.7 

at 1, 5, 10 min; 24 

hours 

64.4, 76.6, 87.1, 95.2 

at 1, 5, 10 min; 24 

hours 

Toth32 Term Nellcor 300 20 min 50 Pre-ductal 

 

Post-ductal 

73, 84, 92, 92 at 1, 5, 

10, 15 min 

67, 78, 89, 92, 94 at 

1, 5, 10, 15, 20 min 
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Harris42 Term Nellcor 100   Post-ductal 61 at 1 min 

House31 All infants Nellcor N100 

/OhmedaBiox 

3700 

First 15 min 38 Pre-ductal 64.4, 70.4, 78.6, 80.7, 

83.2, 86.4, 86.9, 87.7, 

88.8, 90.4, 90.6 at 

each minute from 1-

15 min 

Dawson45 All healthy 

infants 

Massimo First 10 min 468 Pre-ductal Gave reference range 

for SpO2 from 1 to 10 

minutes of birth 

Mariani34 Term   First 15 min 110 Pre-ductal 

Post-ductal 

89% at 5 min; 81% at 

5 min 

Rao & Ramji33 Term Novametrix 

515A 

Until 90% 

saturation, 1, 

3, 5, 10 min 

30 Pre-ductal 69.3, 82.3, 89.3, 93.7 

at 1, 3, 5, 10 min 

Gonzales34 Term Nellcor N 20 1, 2, 3, 4, 5, 

10, 15, 30 

min; 1, 2, 8, 

24 hours 

131 Post-ductal 60.60 ± 1.20 ,91.10 ± 

0.5%. 

At 1, 15 min, a 

plateau thereafter 

Zubarioglu42  Term Massimo First 15 

minutes  

141 Pre- & Post-

ductal  

>90% vaginal 

deliveries 

preductal6.9±2.8 min, 

post-ductal 8.4±3.2 

min  
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Table 9-2. Preductal SpO2 Levels After Birth 

 

Time after birth Preductal SpO2 levels after birth 

1 min 60-65% 

2 min 65-70% 

3 min 70-75% 

4 min 75-80% 

5 min 80-85% 

10 min 85-95% 

 

It is to be noted that the observations in Dawson’s study and other studies 

to date were made primarily in high-income countries where infants were 

born in delivery rooms with a controlled environmental temperature. 

Conversely, in India and other developing countries, 70 % of deliveries 

take place in health facilities with limited resources and with no thermal 

control of the delivery room or at home, causing hypothermic stress in the 

newborn. Hypothermia is known to influence the microcirculation of the 

skin thus producing lower SpO2 readings.51 It is essential to obtain more 

data on the oxygen saturation values of babies born in such environments 

in developing countries. We monitored 51 healthy term infants born by the 

normal vaginal route after an uneventful antenatal and intranatal course in 

a tertiary care center in India.50,52 A newer-generation pulse oximeter 

(Planet 55 4-channel multi parameter recorder, Mysore, India) was used to 

monitor the SpO2 immediately after birth, throughout the first 12 hours of 

life. The Nellcor DURA-Y multisite oxygen sensor model D-YS reusable 

probe was placed on the right palm immediately after birth and then 

connected to the multichannel monitor. Simultaneously, we also monitored 

the core and peripheral temperature of the baby by placing skin probes on 

the right epigastrium and right sole of the baby respectively. The ambient 

room temperature and humidity in the delivery room and the postnatal 

ward (PNW) during the study period were recorded. The median 

interquartile (IQR) oxygen saturation level that was recorded in 9 

newborns by 2 minutes of age at the teaching hospital (TCH) was 69% 

(range, 68 to 79). A gradual rise in SpO2 was seen until it reached 95% at 

11 minutes of life and plateaued thereafter. The median level of SpO2 at 

90% and 95% was attained at 6.5 min and 11 min respectively. The 

median time taken to achieve the first signal in our study was 2.9 min. 
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Various factors can influence clinical pulse oximetry.53-56 They include: 1) 

technical, 2) physiologic, and 3) environmental factors. In a recently 

reported study by Mahindra and Bhatnagar from India, pulse oximetry was 

found to be useful to adjust oxygen concentration 2 minutes after birth, 

and the feasibility of using pulse oximetry in the delivery room as per the 

new NRP 2012 guidelines is questioned.52 

Among the technical problems, motion artifacts are the major technical 

factors. Investigators have reported motion artifacts as the commonest 

cause, and presence of vernix, low perfusion, high ambient light, and probe 

malposition as other causes for delay in obtaining SpO2 measurements by 1 

minute of life. Massimo technology is currently being considered as the 

better option for use in delivery room but various studies have previously 

used Nellcor technology for monitoring oxygen in the delivery room and 

found no difference except for a delay in obtaining signals immediately 

after birth. The availability of pulse oximeters with Massimo technology is 

also restricted in resource-poor settings. 

The probe application technique may also affect the SpO2 record. Earlier it 

was recommended that attaching the sensor to the patient and then 

connecting it to the monitor helps in the early recognition of a signal by 

the pulse oximeter.54 We followed this technique in our study, but we 

faced difficulties with fixing the sensor immediately in the presence of 

amniotic fluid and vernix. Further studies have shown that attaching the 

sensor to the oximeter first and then to the infant leads to faster 

recognition of the heart rate and saturations in infants of >28 weeks and 

this has been adopted in the recent NRP guidelines.57 In our study, in spite 

of the quick-drying and purpose-made Velcro tape, we took 20-60 seconds 

to attach the sensor. It is difficult to apply the sensor to the palm as infants 

usually keep their hands tightly clenched, which sometimes delayed 

application by a few seconds. In our experience, these constraints were 

responsible for the delay in obtaining the first signals of saturation levels 

(a median time of 2.9 min). However, the team’s skill and efficiency at 

drying the right palm and applying the SpO2 sensor improves with 

practice.       

Kamlin et al.58 found the earliest time by which an accurate heart rate 

could be displayed on a pulse oximeter was 25 seconds, and that the 

Massimo technology pulse oximeter could display SpO2 data by 90 

seconds after birth. Toth et al. found signal detection occurred significantly 

faster from the hand (50% after 1.3 min, 90% after 4 min) than from the 

foot (50% after 3.1 min, 90% after 9 min).32 Meier-Stauss obtained pulse 
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wave signals from the hand in 71% of cases beginning in the second 

minute of life and 90% of cases beginning in the fifth minute.39 The 

median time to detect the first signal was 162.5 (range, 90-180) sec in the 

study by Rao & Ramji.35 Our findings were within the range of delay 

experienced by other investigators.       

Environmental factors also influence pulse oximetry. This subject has not 

received much attention. Such data are of paramount importance in 

managing infants in developing countries who require resuscitation. The 

most important observation we encountered was relative hypothermia in 

the delivery room, a common phenomenon in developing countries. 

During our study period the ambient temperature in the delivery room was 

22-280C. Although other investigators did not specifically mention the 

ambient temperature in the delivery rooms, the Indian Academy of 

Pediatrics and World Health Organization guidelines recommend the 

delivery room temperature to be maintained at 260C.59 Infants in our study 

were significantly hypothermic in the first 15 minutes, which could have 

affected the delay in picking up signals immediately after birth.        

Several investigators have shown that a lower skin temperature gives 

lower SpO2 readings, and warming improves the reading.60,61 This 

phenomenon might explain the reason for the delay in the initial signal of 

the pulse oximeter, and also for consistently lower SpO2 readings taken 

during the first 15 minutes of life in newborns in developing countries. 

Previous investigators have also shown that the control of peripheral 

circulation in the newborns, in response to the temperature of the 

surroundings (environment), is reflexive in nature. The circulatory thermo 

reflex was shown to be operative during the first day of life. These 

findings show that the “reference values” of SpO2 in term infants not 

requiring resuscitation or supplemental oxygen at delivery and born in 

developing countries are lower than the reported values from developed 

countries. The clinical question is whether these findings call for early 

resuscitative intervention in babies born in developing countries and for 

clear guidelines for maintenance of the temperature of the newborn 

immediately after birth. Cord-clamping time also affects immediate 

oxygenation. The introduction of delayed cord clamping in these 

conditions may also add to changes in the oxygen saturation range among 

neonates from developing countries compared to that of the reference 

ranges given by NRP (7th edition). A recent study showed better 

oxygenation in infants with delayed clamping than those with early 

clamping. The oxygen saturations in this study were 18%, 13% and 10% 
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higher at 1 min, 5 min and 10 min respectively in babies who had delayed 

cord clamping, compared to the early clamping group.62 

A study done in a Jordan valley at 200 m below sea level reported that the 

mean pre-ductal SpO2 values at 2 minutes were 72 (51-95), which is 

higher than Dawson reference range; while at moderate altitude (1500-

2500 m) Habib et al. have shown pre-ductal SpO2 readings in a similar 

reference range in the first 15 min after birth, with SpO2 > 94% achieved 

at 13 min after birth.63,64 These studies indicate that altitude at birth may 

also determine the oxygen saturation immediately after birth. 

Summary and Conclusions 

In summary, after birth the newborn undergoes a series of physiologic 

changes during the transitional phase in establishing normal extra-uterine 

respiration and simultaneously improving pulmonary circulation, both of 

which are important in the proper oxygenation of the blood. Compromised 

infants unable to establish normal respiration require resuscitation in the 

delivery room. The current reliance on a clinical assessment of the degree 

of oxygen desaturation (cyanosis) is found to be inadequate. The 

introduction of a non-invasive method of assessment of oxygenation using 

pulse oximetry has opened the door to much more accurately assessing 

oxygenation during transition. Several studies undertaken earlier have 

shown that it takes the newborn about 4 minutes to reach an oxygen 

saturation of 90% and 6 to 7 minutes to reach 95%. These studies have 

established the “reference values” of oxygenation at birth. More studies 

are required to establish the reference range in neonates with delayed cord 

clamping and immediate skin-to-skin contact. The routine use of the pulse 

oximeter in midwifery-led practice is feasible and is useful to detect 

hypoxemia due to non-cardiac causes, in addition to critical congenital 

heart disease. Reports from low- and middle-income countries indicate the 

feasibility of using pulse oximetry in the delivery room to monitor the 

status of extra-uterine adaptation.65 Thus the routine use of pulse oximetry 

of the newborn in the delivery room will help clinicians to decide the 

timing of the initiation of resuscitation in the delivery room.  
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 DR CHAITANYA KAMAT

EFFECTIVENESS OF A NEW ASSESSMENT TOOL, DIRECT OBSERVATION OF PROCEDURAL SKILLS (DOPS) AMONG ANESTHE

SIOLOGY POSTGRADUATE STUDENTS 



the leak site was sutured at the skin level after 24h of persis-
tent leakage. The patient was discharged home the next day
completely asymptomatic. She had the suture removed 3 days
later, without any recurrence of the leakage. She didn´t report
any symptoms during a two-month follow-up.
Conclusions This report presents another case of a CSF fistula
after a neuraxial block and highlights the success of a conser-
vative approach that avoided not only a blood patch, but also
a surgical procedure, in an asymptomatic young woman.

12 FLUOROSCOPIC APPROACH TO NEURAXIAL
ANAESTHESIA IN A PATIENT OF KYPHOSCOLIOSIS

S Gupta*, R Mane. Jawaharlal Nehru Medical College, KAHER, Belagavi, India

10.1136/rapm-2021-ESRA.12

Background and Aims Kyphoscoliosis is a complex deformity
of the spine resulting in lateral curvature and rotation of the
vertebrae and a deformity of the rib cage. There is usually
secondary involvement of the cardio-respiratory and neuro-
logic systems.

Neuraxial block is routinely performed without the aid of
imaging modalities and approached blindly for placement of
epidural catheter. Kyphoscoliosis poses a remarkable challenge
to administration of neuraxial anaesthesia and may result in
multiple pricks and complications such as nerve injury and
hematoma formation.

We aimed to assess the feasibility and success of using fluo-
roscopy guidance for administration of epidural anaesthesia in
a case of severe kyphoscoliosis.
Methods A 18-year-old female 132 cm tall, with severe kypho-
scoliosis was posted for Cholecystectomy. She had severe dex-
trorotatory-thoracic scoliosis [Cobb angle- 62°] and a
compensatory levorotatory-lumbar curve [45°]. Respiratory
examination showed restricted breathing with B/L wheeze.
PFT showed a restrictive pattern. Open cholecystectomy was
planned under Epidural Anaesthesia. Serial MRI films were
assessed to determine the direction of placement of the epi-
dural needle which was enhanced with the use of fluroscopy
guidance during the intraoperative period.
Results Intraoperative period assessed in terms of patient com-
pliance and adequate surgical anaesthesia was satisfactory.
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Intraoperative use of analgesics was significantly reduced. Epi-
dural analgesia was continued for 2 days postoperatively.
Conclusions Despite various challenges, this case of severe
kyphoscoliosis was successfully managed with fluoroscopy-
guided epidural anaesthesia. Fluoroscopy is a well-estab-
lished imaging modality and its knowledge adds to the
Anaesthesiologist armamentarium and offers an opportunity
to provide neuraxial anaesthesia in patients with anticipated
difficulty.

13 CONTINUOUS ERECTOR SPINAE PLANE BLOCK AS
MULTIMODAL ANALGESIA AND INTRAOPERATIVE
HEMODYNAMIC STABILITY IN OPEN NEPHRECTOMY
FOR LIVING DONOR KIDNEY TRANSPLANT

R Rahmi*, RB Sukmono. Universitas Indonesia, Jakarta, Indonesia

10.1136/rapm-2021-ESRA.13

Background and Aims Open nephrectomy is associated with
moderate to severe postoperative pain.1 Erector spinae plane
block (ESPB) provides effective analgesia for various surgical
procedure but only a few reports on ESPB used for pain con-
trol in open nephrectomy.2 We reported two cases of

continuous ESPB as multimodal analgesia and intraoperative
hemodynamic stability in open nephrectomy for living donor
kidney transplant.
Methods Two adult patients underwent open nephrectomy for
living donor renal transplant. ESPB was performed before gen-
eral anesthesia with ultrasound guided using high frequency
linear probe at level of T8-T9. After transversus process and
erector spinae muscle were identified, hydro dissection with
2 ml of normal saline was used to confirm the correct needle
tip position. 18-gauge epidural catheter then inserted into the
plane between erector spinae and transverse process. 20 ml
local anesthetic 0,25% levobupivacaine was injected and
spread of local anesthetic under erector spinae muscle was
seen by ultrasound. For postoperative pain control, patients
were administered 10 ml levobupivacaine 0,125% via catheter
at the end of surgery, continuous levobupivacaine 0,125% 6
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Conclusions In our experience we perform ultrasound-guided
interfascial plane blocks with high profile of efficacy and
safety in s-ICD placement also in sick patients.

154 SELF-COILING CATHETER FOR CONTINUOUS
INTERSCALENE BRACHIAL PLEXUS BLOCK AFTER
SHOULDER SURGERY: THE INCIDENCE OF CATHETER
TIP MIGRATION AND EFFECT ON ANALGESIA

Y Aoyama*, S Sakura, K Gunji, S Sakakibara, H Yamamoto, Y Saito. Shimane University,
Izumo, Japan

10.1136/rapm-2021-ESRA.154

Background and Aims Continuous interscalene brachial plexus
block (CISB) provides analgesia after shoulder surgery. How-
ever, when catheter tip migration occurs, pain relief is
degraded. We previously reported that catheter tip migration
occurred at a rate of 44.8% during CISB for 48 hours regard-
less of catheter insertion length change when a conventional
catheter was used and this migration decreased the analgesic
effects. Reducing the migration rate is required to improve
postoperative analgesia. Using a catheter of a different shape,
like a self-coiling catheter, may help decrease tip migration.
We therefore prospectively observed the catheter tip position
of self-coiling catheters using ultrasound and studied its anal-
gesic effect during CISB after shoulder surgery.
Methods After receiving IRB approval and informed consent,
we studied 19 consecutive patients undergoing shoulder sur-
gery who received the posterior in-plane approach to CISB
under ultrasound-guidance. A self-coiling catheter was inserted
for postoperative infusion for 48 hours. Using ultrasound,
catheter tip location was assessed immediately after surgery

and at 24 and 48 hours after block procedure. Pain scores,
analgesic requirements, sensory and motor blockade were also
assessed.
Results Under ultrasound, a catheter tip was found to be
migrated in 2 patients (10.5%) including one patient with no
catheter-at-skin change during CISB. Pain was well controlled
for 48 hours.
Conclusions Catheter tip migration can occur even with a self-
coiling catheter. However, since the incidence rate was almost
one quarter of that with a conventional catheter, a compara-
tive randomized study to confirm the present findings is
warranted.

155 SUPERIOR TRUNK BLOCK: AN UNORTHODOX
ALTERNATIVE TO INTERSCALENE BLOCK FOR PROXIMAL
HUMERUS SURGERIES IN PATIENTS WITH SIGNIFICANT
PULMONARY DISEASE

R Darshan*, RS Mane, MC Patil. Kaher’s Jawaharlal Nehru Medical College, Belagavi, India

10.1136/rapm-2021-ESRA.155

Background and Aims Proximal shoulder surgery in patients
with compromised pulmonary function stipulates anaesthesiol-
ogists to look for an alternative to interscalene block. Such
aforementioned challenge pioneered the initiation of use of
superior trunk block to utilise distinct advantage of phrenic
nerve sparing, allowing the patients to execute normal

Abstract 154 Figure 1

Abstract 153 Figure 1
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respiratory functions perioperatively. Superior trunk of bra-
chial plexus visualised accurately through ultrasound, steers
effortless performance and achieving acceptable block
characteristics.
Methods Here we present a case series of 8 patients aged
between 40 years to 80 years with significant restrictive,
obstructive pulmonary disease and post-covid patients posted
for proximal humerus surgeries. The block was performed
under ultrasound guidance, 23G Quincke spinal needle, 1:1
local anaesthetic mixture of 2% Lignocaine+Adrenaline and
0.5% Bupivacaine with total volume injected being 15 ml.
The outcomes measured were loss of shoulder abduction,
numbness of shoulder and pain relief, numbness of arm and
sonographic assessment of diaphragm movement, oxygen satu-
ration perioperatively and closed-circuit measurement of tidal
volume generated
Results 7 patients with superior trunk block achieved complete
surgical anaesthesia of proximal shoulder. There was solitary
use of Dexmedetomidine for patient with severe anxiety. 2
patients required oxygen supplementation throughout the
intraoperative period extending to post-operative period as
well. Sonographic assessment intraoperatively and post-opera-
tively disclosed adequate diaphragmatic excursion in all
patients. Post-operative pain scores revealed satisfactory pain
relief.
Conclusions Effective surgical anaesthesia and analgesia can be
delivered considerably with Superior trunk block for surgeries
of proximal humerus in patients with compromised pulmonary
function by sparing phrenic nerve and it is an appropriate
substitute for interscalene block

156 EVALUATION OF THE PERIPHERAL NERVE STIMULATOR
USAGE FOR A SUCCESSFUL COSTACLAVICULAR
BRACHIAL PLEXUS BLOCK

S Soylu*, S Şehirlioğlu, D Genç Moralar, Ü Aygen Türkmen. Gaziosmanpasa Training and
Research Hospital/Anesthesiology and Reanimation Department, Istanbul, Turkey

10.1136/rapm-2021-ESRA.156

Background and Aims Ultrasound (US) has become standar-
dized during peripheral nerve block (PNB). Peripheral nerve
stimulator (PNS) is combined with US to avoid intraneural
injection (1). Monitoring opening injection pressure with a
sensor could also show intraneural injection (2). Adding PNS
to US guidance did not change block success rates for differ-
ent types of PNBs (3,4). There is no study in the literature
that evaluate effectiveness of adding PNS to US for a success-
ful costaclavicular brachial plexus block (CCBPB). In this
randomized prospective clinical study US and injection pres-
sure monitor (IPM) guided CCBPB is compared with US, IPM
and PNS guided CCBPB.
Methods 60 patients scheduled for orthopedic surgery below
the elbow were enrolled in the study. Ultrasound and IPM
guided group called USP and US, IPM and PNS guided group
called USPN. In both groups 30 ml bupivacaine-lidocaine mix-
ture was injected when injection pressure is less than 15 psi.
In Group USPN, local anesthetic was injected after visualizing
the disappearance of motor movement under 0.3 mA on PNS.
Motor and sensorial block levels of the radial, ulnar, median
and musculocutaneous nerves were measured. Block success
rate, block performance time, number of needle passes and
complication rates were compared.

Results Block success rate, number of needle passes and com-
plications were similar (table 1). Block performance time was
longer in group USPN (figure 1).
Conclusions Peripheral nerve stimulator is not necessary for a
successful CCBPB. Using PNS increased block performance
time significantly. Ultrasound and IPM are enough for a suc-
cessful block with shorter procedure time in CCBPB.

Abstract 156 Figure 1

Abstract 156 Figure 2
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27 ANAESTHETIC MANAGEMENT IN PARTURIENT
WITH COARCTATION OF AORTA, PATENT DUCTUS
ARTERIOSUS AND ARNOLD CHIARI MALFORMATION
FOR ELECTIVE CAESAREAN SECTION

L Aishwarya*, RS Mane, MC Patil. Jawaharlal Nehru Medical College, KLE University,
Belagavi, India

10.1136/rapm-2021-ESRA.27

Background and Aims Coarctation of aorta represents 6%-8%
of CHD with associated Patent ductus arteriosus. Arnold chiari
malformation is characterized by prolapse of cerebellar tonsils
below the foramen magnum causing compressive symptoms.
The primary goal is to minimize the incidence of haemody-
namic stressor response and brainstem herniation which is a
possible risk with endotracheal intubation.
Methods A case of 24year G2P1L0 with 34weeks POG, a
known case of ACM was diagnosed with COA and PDA. She
was planned for elective caesarean due to uncontrolled upper
limb hypertension. Examination revealed pansystolic murmur
and Loud P2 with suzzman’s sign positive. She had feeble
femoral pulse with radiofemoral delay. Uppler limb BP : 190/
100 mmhg and lowerlimb BP: 130/80 mmhg. 2DEcho
revealed Large PDA with left to right shunt, dilated RA, RV.
Severe COA with PPG 76 mmhg. Trivial TR with PPG 40
mmhg. No sensory and motor deficits noted. Graded epidural
anaesthesia was administered.
Results Parturient with congenital anomalies has been success-
fully managed perioperatively with graded epidural doses and
by providing adequate post-operative analgesia.
Conclusions Parturient with Coarctation of the aorta and
Arnold chiari malformation presents with unique challenges to
the anaesthetist and management must be tailored to avoid
hemodynamic instability and associated risk of tonsillar hernia-
tion. The use of epidural anaesthesia in graded dose was suc-
cessful in achieving this goal.

28 LOCAL ANAESTHETIC SYSTEMIC TOXICITY AFTER
AXILLARY BRACHIAL PLEXUS BLOCK IN AMBULATORY
SURGERY – A CASE REPORT

1GS Sousa*, 2M Oliveira, 2P Esperança, 3E Segura Grau. 1Centro Hospitalar Tondela-Viseu,
Viseu, Portugal; 2Centro Hospitalar Universitário São João, Porto, Portugal; 3Anesthesiology,
Centro Hospitalar Tondela-Viseu, Viseu, Portugal

10.1136/rapm-2021-ESRA.28

Background and Aims Local anaesthetic systemic toxicity
(LAST) is a rare but potentially fatal complication of regional
anaesthesia. LAST affects two major systems, namely neuro-
logic and cardiovascular1. The number of regional anaesthesia
has been increasing and the risk of LAST, despite all the good
practices, increases proportionally. Axillary brachial plexus
block is reported as the most associated block to LAST
events.2

We pretend to increase awareness to this rare but life-
threatening entity.
Methods Case report and literature review.
Results A 55-years-old female patient, ASA II, was admitted
for left hand ambulatory surgery. It was performed an ultra-
sound-guided axillary brachial plexus block. The left axillary
artery and the branches of median, radial and cubital nerves
were identified. Then 200 mg of mepivacaine and 37.5 mg of
levobupivacaine were administered through an in-plane

Abstract 26 Figure 2
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previous history of difficult airway management with post-
ponement of this procedure 3 days before. After patient’s con-
sent, we succefully managed the case with an ultrasound-
guided IPB and a PIFB (figure 2), total local anaesthetic solu-
tion – 20 mL of mepivacaine 1,5% & ropivacaine 0,375%
under light sedation. The procedure was uneventful, for
patient and surgical team.
Conclusions IPB and PIFB successfully managed anaesthesia &
analgesia of this case under light sedation, avoiding GA and
management of a documented difficult airway patient. Latest
evidence supports IPB as a good technique for BCS(2) and
PIFB is a relatively novel block suited for inner quadrant
breast surgery approach(3). RA has been a good alternative
avoiding airway management on this documented difficult air-
way, provided excellent surgery conditions, pain relief and a
high level of patient satisfaction.

Approval has been granted by the ethics committee

171 PTERYGOPALATINE BLOCKADE IN THE ALGORITHM
OF TREATMENT OF OPHTHALMIC COMPLICATIONS
OF HERPES ZOSTER

I Oleshchenko*, T Iureva. Irkutsk Branch of S.N. Fyodorov ‘Eye Microsurgery’ Federal State
Institution, Irkutsk, Russian Federation

10.1136/rapm-2021-ESRA.171

Background and Aims Ophthalmoplegia in herpes Zoster is
quite rare. At the same time, we observed a case of relapse of
herpes Zoster with the clinic of ptosis of the upper eyelid on
the background of a pronounced pain syndrome without vesic-
ular rashes as the primary clinical signs. Relief of pain syn-
drome against the background of antiviral therapy is one of
the primary tasks. To evaluate the effectiveness of pterygopala-
tine blockade (PPB) in the algorithm of treatment of atypical
ophthalmic herpes Zoster with severe pain syndrome and
ophthalmoplegia.
Methods Patient 60 years old. Complaints about OS blephar-
optosis, pain (VAS = 4). The edge of the OS eyelid is low-
ered to the upper edge of the pupil, the cornea is
transparent, there are no signs of uveitis. The condition is
regarded as ganglionitis n.ophtalmicus of unknown etiology.
The patient underwent PPB (4 mL ropivacaine 0.5%) for pain
relief in herpetic ophthalmic neuralgia
Results 40 minutes after PPB, the pain was relieved, VAS =
0. 2 hours after PPB, the ptosis decreased. After 72 hours the
patient had a draining herpetic rash on the skin in the projec-
tion of the III branch of the trigeminal nerve on the left. Fur-
ther treatment of the patient was continued by an infectious
disease specialist.
Conclusions The experience gained in the use of the PPB in
the algorithm for the treatment of ophthalmic complications
of herpes Zoster allowed us to achieve not only the relief of
pain, but also to reduce the severity of the inflammatory reac-
tion of extraocular muscles, ptosis.

172 ULTRASOUND GUIDED COMBINED SCIATIC PLUS
FEMORAL NERVE BLOCK IN HIGH RISK PATIENTS
POSTED FOR LOWER LIMB SURGERIES

N Adhyapak*, R Mane, M Patil, R Kerur, P Apoorva, A Qadir Zeeshan. KAHER’s J N
Medical College, Belagavi, India

10.1136/rapm-2021-ESRA.172

Background and Aims Regional Nerve Blocks are now the
mainstay for high risk patients undergoing surgery where Gen-
eral, Spinal or Epidural Anaesthesia have poor outcome. Com-
bined Sciatic and Femoral Nerve block given for lower limb
surgeries like amputation, arthroplasty, ORIF in patients hav-
ing multiple co-morbidities like Ishaemic Heart Disease (IHD),
COPD, Uncontrolled DM and HTN. Ultrasound guided nerve
blocks are effective, safe and have reduced incidence of neuro-
logical damage and Local Anaesthetic Systemic Toxicity
(LAST).
Methods 5 patients undergoing lower limb surgery, in KLE’s
Dr. Prabhakar Kore Charitable Hospital and MRC were con-
sidered. Three of the patients had IHD with EF 40%. One
had RV Dysfunction with IVC collapsibility <50%. Another
had COPD and was in sepsis. A complete pre-anaesthetic eval-
uation was done after selecting appropriate patients. Under
ultrasound guidance, with patient in sciatic and femoral nerve
blocks were given with equal mixtures of 0.5% Bupivacaine +
2% Lignocaine + 2 ml of Soda Bicarbonate. Intra-operatively
hemodynamics was maintained. Case 1 required rescue Epi-
dural Anaesthesia. For case 3 i.v paracetamol was given for
additional analgesia. In rest of the cases no additional analge-
sia/anaesthesia was needed.
Results

Abstract 172 Figure 1
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- Conclusions Combined Sciatic and Femoral Nerve block is
an effective and viable alternative to either General, Spinal or
Epidural Anaesthesia as it provides better hemodynamic stabil-
ity and good post operative analgesia in high risk patients
without resulting in any adverse incidents.

173 PERIPHERAL NERVE BLOCKS ALLOW HIP FRACTURE
SURGICAL MANAGEMENT IN AN EXTREMELY FRAGILE
PATIENT: NO PENG NO GAME

F Gargano, A Strumia*, F Costa, G Pascarella, S Rizzo, V Antinolfi, G Biondo, G Rizzello,
FE Agrò. Università Campus Biomedico di Roma, Rome, Italy

10.1136/rapm-2021-ESRA.173

Background and Aims Hip fracture represents a frequent cause
of disability in the elderly [1]. Early surgery (<48h) has been
proven to be associated with lower risk of mortality and mor-
bidity [2]. Regional anaesthesia seems to be the best option,
but there is no consensus when a central block is not indi-
cated [3]. We present a case of a multimorbidity patient under
anticoagulant drug, underwent hip fracture surgical repair with
peripheral nerve blocks.
Methods Female 84 y.o. Atrial fibrillation, PMK wearer, hyper-
tension, renal failure, CODP, cerebrovascular disease, OSAS,
confusion and psychomotor agitation.

Echocardiogram: severe systolic function reduction, esti-
mated election fraction 23%.

Right sub-capital hip fracture, candidates for hip
endoprosthesis.

Anticoagulant therapy with apixaban with no data on last
assumption; thromboelastogram showed augmented values, so
a central block was not indicated. Patient’s multimorbidity
highly elevated the risk of general anaesthesia.

With patient consent, peripheral blocks and sedation were
considered. Ultrasound guided Pericapsular Nerve Group Block
(PENG) was performed (ropivacaine 0,5% 20 ml + dexame-
thasone 4 mg), to block femoral, obturator and accessory
obturator nerves, which innervate the hip [4]. Lateral femoral
cutaneous nerve was also blocked, to cover surgical incision.
Moderate sedation was given, maintaining spontaneous breath.
Results Surgical procedure was carried out uneventfully and
without pain, parameters were good and stable during and
after surgery.
Conclusions Regional anaesthesia could be the key in fragile
patients. Knowledge of anatomy and different techniques is

fundamental to tailor the anaesthetic plan on patient condi-
tions and surgical approaches.

174 PERIOPERATIVE JOURNEY OF PATIENTS HAVING UPPER
LIMB NERVE BLOCKS- A SERVICE EVALUATION AND QI
PROJECT

1M Singh*, 2S Dondapati, 2A Singh. 1Stoke School of Anaesthesia, Stoke-on-Trent, UK;
2New Cross Hospital, Wolverhampton, UK

10.1136/rapm-2021-ESRA.174

Background and Aims Regional anaesthesia (RA) improves
postoperative analgesia and can contribute to a reduction in
postoperative nausea and vomiting (PONV). RA can improve
value of care by reducing length of stay and enhancing patient
satisfaction1.

Regional nerve blocks are commonly performed for upper
limb day case surgeries at our centre. We did a prospective
patient survey on perioperative experience of upper limb sur-
gery with nerve blocks.
Methods Patients who had regional nerve blocks for upper
limb surgery were given proforma to fill after surgery with
pre-stamped envelopes. We included 28 proformas returned
from March to June 2019 for the survey.
Results All patients received anaesthetic information pre-sur-
gery which included pre-assessment nurse (7/28), information
leaflet (2/28) and both (19/28). One patient found information
provided unsatisfactory. Quarter of (8/28) patients reported
severe pain and PONV during first 24 hours and timings of
first oral pain relief was variable with non-standardised analge-
sics on prescription.

Most of patients (92%) would prefer to have nerve block
again.
Conclusions Results showed that post op pain prescription
varied. Although most patients were satisfied with nerve
block information but could be improved. We recommended
to standardise post-operative discharge prescription. We sug-
gested to produce patient video about the perioperative jour-
ney of nerve blocks for upper limb surgery which has been
produced and will be implemented soon as delayed by
pandemic.

Regular patient satisfaction surveys are needed for service
evaluation and improvement.

Abstract 173 Figure 1
FA=femoral artery; IPM=iliopsoas muscle; IPT=ilipsoas tendon;
N=needle; IPE=iliopubic eminence; AIIS=anterior inferior iliac spine.Abstract 172 Figure 3
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346 | Spontaneous re- eruption after severe 
intrusive luxation in primary teeth and 
following sequelae: A case report

Denise Argote Quispe1; Maricruz Villagaray1; 
Tania Padilla2; Maria Elena Diaz1

1Department of Dentistry for Children and Adolescents 
(DAENA), Universidad Peruana Cayetano Heredia, Lima, 
Lima, Peru; 2School of Dentistry, Universidad Nacional del 
Altiplano, Puno, Puno, Peru

Introduction: Intrusive luxation is one of the most severe 
and frequent traumatic dental injuries during early childhood, 
which can cause sequelae in the injured tooth and distur-
bances in the permanent tooth germ.
Case report: A 1- year and seven months old boy is pre-
sented. The father reported that the child had suffered a 
trauma five days ago. Clinical examination revealed the ab-
sence of teeth 61 and 62 with no signs of alveolar fracture 
on palpation. A periapical radiograph of the region showed 
both teeth intruded into the alveolar bone. Treatment 
considered spontaneous re- eruption and monitoring. Six 
months later the teeth were completely erupted. However, at 
21 months tooth 61 presented an abscess and the radiograph 
showed enlargement of the periodontal ligament space in 
both injured teeth; therefore, pulpectomy treatment was per-
formed on both primary incisors. Two years and five months 
later, the teeth and surrounding tissues were clinically and 
radiographically asymptomatic, although mild discoloura-
tion was observed in tooth 61. The patient remains under 
observation.
Discussion: Intrusive luxation is a common injury in primary 
dentition. Most teeth that suffer this injury re- erupt sponta-
neously after a few weeks. Nonetheless, pulp necrosis is a 
frequent complication especially in severe cases. In this case 
root canal treatment was performed to preserve the injured 
teeth.
Conclusion: A therapeutic alternative in cases of severely 
intruded teeth is to allow spontaneous re- eruption, however, 
there is always the possibility of an unfavorable outcome. 
Consequently, monitoring and follow- up is essential to ad-
dress possible sequelae as well as in permanent successors.

1745 | Avulsion and replantation of 
permanent central incisors in a 6- year- old boy: 
A case report

Rajesh Bariker1; Shivayogi Hugar2

1Pediatric Dentistry, KidsDentist® (Kids Dental Care 
Pvt Ltd), Bengaluru, Karnataka, India; 2Department 
of Pedodontics & Preventive Dentistry, KAHER’s KLE 
VK Institute of Dental Sciences, Belagavi, Bengaluru, 
Karnataka, India

Introduction: Traumatic injuries in young children are most 
common. Among them, maxillary central incisors are most 
commonly affected. Surface resorption, ankylosis, and/or in-
flammatory resorption are sequelae of replantation and pose 
challenges to the pediatric dentist. Delayed replantation of 
an avulsed tooth may result in rapid root resorption or, more 
frequently, dental ankylosis with subsequent bone substitu-
tion. This clinical case reports a dental trauma of a central 
incisor in a young boy characterized by tooth avulsion and 
its replantation.
Case Report: This clinical case reports a dental trauma of 
both central incisors (11 & 21) in a young boy (6) character-
ized by tooth avulsion and its immediate replantation. The 
tooth has been maintained in place for two years now.
Discussion: Avulsion is the most serious dental injury and 
may determine immediate or potential tooth loss as a con-
sequence of root resorption. However, when possible, even 
a delayed replantation should be performed to maintain the 
crown of the traumatized tooth in place, thus preserving the 
space and partially the crest bone resorption. The develop-
ment of ankylosis was demonstrated in the above clinical 
case that involved both maxillary central incisors. The char-
acteristic percussion sound demonstrated by both the affected 
teeth verified the diagnosis of ankylosis within 6 months of 
the initial injury.
Conclusion: Early radiographic signs of ankylosis/replace-
ment resorption were noted only late in the observation pe-
riods. Minimal evidence of infraocclusion was observed and 
the boy has yet to reach his pubertal growth period. It is an-
ticipated that infraocclusion will become apparent and then 
it will be important to minimize any negative growth- related

www.wileyonlinelibrary.com/journal/ipd
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1320 | Has the COVID- 19 pandemic 
affected the incidence of paediatric intra- oral 
and dental trauma presenting through the 
emergency department?

Karishma Bhatia
Oral and Maxillofacial Surgery, Prince Charles Hospital, 
UK

Background: The Oral and Maxillofacial Surgery team treat 
paediatric patients sustaining intra- oral and dental trauma. 
The COVID- 19 pandemic resulted in fewer Emergency 
Department attendees; this audit aimed to identify whether 
the incidence, aetiology and management of intra- oral trauma 
varied as a consequence. It compares data collected in 2018 
and 2020 at a district general hospital in South Wales.
Methods: Data was collected via clinical and operation notes, 
Myrddin and Welsh Clinical Portal from 2018 and 2020. This 
was recorded in an Excel spreadsheet and analysed.
Results: The number of paediatric patients treated was com-
parable in 2018 and 2020. The most common age of injury 
was 0- 2 years in 2018 whilst in 2020 it was 3- 4 years. 77.1% 
and 80.5% of injuries were caused by falls in 2018 and 2020 
respectively. However, no sports injuries were reported in 
2020. Interestingly, whilst no antibiotics were prescribed in 
2018, this was not the case in 2020. The most common dental 
injury was subluxation in 2020 whilst in 2018 it was a com-
bination of injuries. The labial mucosa was the most common 
site of soft tissue injury in both years. Patient outcomes re-
mained comparable regarding outpatient reviews and admis-
sions for theatre.
Conclusions: The incidence of intra- oral and dental trauma in 
paediatric patients was similar in 2018 and 2020. Interestingly 
however, there were areas that varied which may be related 
to the COVID- 19 pandemic. In 2020 no sports injuries were 
reported, and antibiotics were prescribed more often follow-
ing treatment. These findings call for further investigation.

1792 | The use of revascularization in the 
treatment of the immature maxillary lateral 
incisor subluxation: A case report

Emir Chehertma
Pediatric and Preventive Dentistry, Bogomolets National 
Medical University, Kyiv, Ukraine

Introduction: Dental trauma of the immature teeth is chal-
lenge for paediatric dentistry. Thus, the issue of development 
and testing of new methods and approaches, in particular 
those based on the concept of regenerative endodontics is 
relevant.

Case report: 11 years- old patient complained on tender-
ness on biting and mobility of the tooth 12 (4 hours after 
trauma). Objectively: the crown was intact, II degree of mo-
bility, wasn’t displaced, tenderness on percussion, pulp test-
ing -  negative, there was a slight bleeding from the gingival 
sulcus. Open apex according to X- ray. Diagnosis: subluxa-
tion of tooth 12. The biofilm removing and splinting for 14 
days was performed. Pulp necrosis was diagnosed after 1 
month. "Revascularization" was chosen. The root canal was 
cleaned (20 ml 5.25% NaOCl and 17% EDTA) and obturated 
(Triple antibiotic paste for 3 weeks followed 2 weeks with 
Ca(OH)2). The next visit the root canal was irrigated (5 ml 
17% EDTA), blood clot was formed and covered with MTA/
GIC. Postendodontic restoration was performed. After 1 year 
the completion of the root formation, root walls thickening 
and narrowing of its lumen were revealed. No complaints, 
percussion -  painless, pulp testing -  negative.
Discussion: The "revascularization" and apexification with 
MTA were the treatment options in this case. Despite all 
advantages of apexification, technically sensitivity and in-
creased risk of the root fracture requires the development the 
alternative approaches. Thus "revascularization" was chosen 
in this case.
Conclusion: This clinical case demonstrates the possibilities 
of "revascularization" in immature teeth treatment after den-
tal trauma.

1783 | Impact of traumatic dental injuries 
on oral health- related quality of life of 
preschool children

Bianca Del Negro1; Cristiane Camilo Nunes Pereira1; 
Mayara Garcia Vecchi1; Maria; Gabriela Haye Biazevic2; 
Edgard Michel- Crosato2; Marcia Turolla Wanderley1

1Department of Orthodontics and Pediatric Dentistry, 
School of Dentistry, University of São Paulo -  USP, 
São Paulo, São Paulo, Brazil; 2Community Dentistry 
Department, School of Dentistry, University of São Paulo 
-  USP, São Paulo, São Paulo, Brazil

Background: Traumatic dental injuries (TDI) in primary 
dentition may lead to consequences for the children and their 
families. The purpose of the study was to evaluate the paren-
tal perceptions of the impact of TDI on the oral health- related 
quality of life (OHRQoL) of preschool children.
Methods: 83 children aged 1- 5 years who suffered TDI and 
were attended at the Center of Dental Trauma in Primary 
Teeth, University of São Paulo were selected. Complete in-
formation related to TDI was collected. Parents answered the 
Brazilian version of Early Childhood Health Impact Scale 
(B- ECOHIS) to accesses their perception of their child’s 



   | 5ABSTRACT

OHRQoL. To evaluate the association between the OHRQoL 
and possible independent variables, Multilevel Poisson re-
gression analyses were conducted.
Results: 157 primary teeth suffered TDI, and children aged 
≤3 years old were the most affected (61;73.5%). Intrusion 
and avulsion were the most prevalent types of TDI, which 
were suffered by 22 (26.5%) and 16 (19.3%) children, re-
spectively, and the majority of the B- ECOHIS were an-
swered by the child’s mother (85.5%). Children who took 
1 month to seek treatment after TDI (Prevalence ratio-
 PR=1.33; 95%CI=1.09 to 1.62) and suffered high- severity 
TDI (PR=1.31; 95%CI=1.02 to 1.68) presented higher prev-
alence for greater B- ECOHIS scores than those who sought 
treatment ≤1 month and suffered low- severity TDI. TDI in 
children aged 3 years was a protective factor for higher B- 
ECOHIS scores.
Conclusions: Severe dental trauma and delayed seek for 
treatment have a negative impact on child’s OHRQoL; how-
ever, the parental perception of oral health problems de-
creases in older children.
Funding: CAPES

505 | Management of an extrusive luxation 
injury complicated by apical infection- related 
resorption: A case report

Nikita Dzyuba; Siobhan Barry
University Dental Hospital Manchester, Paediatric 
Dentistry Department, The University of Manchester, 
Manchester, Greater Manchester, UK

Introduction: Extrusive luxation is a periodontal ligament 
(PDL) injury characterized by partial displacement of the 
tooth from its socket. Prevalence is 7% with repositioning and 
flexible splinting the treatment of choice. Pulpal necrosis is 
a possible sequelae and root canal treatment may be compli-
cated by the need for apexification when apices are resorbed.
Case Report: A 14- year- old girl presented following ex-
trusive luxation of UL1, which had been repositioned and 
flexibly splinted 2 weeks previously. Medical history was 
non- contributory. Clinical and radiographic examination re-
vealed a caries- free late- mixed dentition. UL1 presented with 
completed root development and closed apex. It was of nor-
mal colour and mobility and was reliably positive to sensibil-
ity testing. There was no evidence of infection. The splint 
was removed, and a regular review protocol implemented. 
On review, 10 months later, UL1 presented with loss of vi-
tality with periapical pathology and infection related resorp-
tion apically. Pulpal extirpation was performed with calcium 
hydroxide dressing. One month later, an MTA apical barrier 
was placed. Obturation was completed using injectable ther-
moplasticised technique (Obtura).

Discussion: The optimal treatment goal for extruded teeth is 
to facilitate revascularisation and PDL fibers reorganisation 
via repositioning and flexible splinting. However, healing is 
significantly reduced in teeth with closed apices and may lead 
to subsequent pulp necrosis and infection related resorption.
Conclusion: Regular clinical and radiographic review in 
imperative following traumatic dental injury to allow early 
identification of pulpal and periodontal sequelae. This will 
facilitate timely management and optimal long- term out-
comes in the growing child.

754 | Unexpected sequelae following dental 
trauma: A case report

Maryam Ezzeldin; Nadia Arikat; Shannu Bhatia; Mechelle 
Collard
Paediatric Dentistry Department, University Hospital 
Wales, Cardiff, UK

Introduction: Alveolar bone fractures account for 5.5% of 
traumatic dental injuries. Inadequate fixation can cause mo-
bility of fractured segment(s) and subsequent sequestrum, re-
sulting in loss of supporting bone. This case aims to explore 
the differential diagnoses, investigations, treatment options 
and challenging management of atypical bone loss in a young 
patient.
Case Report: A 15 year- old anxious patient was referred to 
the Paediatric Dentistry Department with a provisional diagno-
sis of acute necrotising ulcerative gingivitis. On examination, 
32 and 33 were mobile, with localised gingival inflammation, 
and unusual hard tissue inter- proximally which remained im-
mobile during scaling. A thorough history revealed that dental 
trauma had been sustained several months earlier; resulting 
only in gingival tenderness and slight mobility of the teeth, 
thus no treatment was sought. Radiographic examination and 
cone beam computed tomographic (CBCT) analysis revealed 
a radiolucency consistent with pathology adjacent to 32, which 
was investigated and curetted under general anaesthesia.
Discussion: Histopathological investigations of the hard tis-
sue sample showed bony sequestrum, likely to have devel-
oped from an alveolar bone fracture due to the dental trauma. 
Following necrotic bone removal, 32 became considerably 
mobile and required extraction with the provision of a tempo-
rary auto- bridge. Multi- disciplinary liaison was fundamental 
to discuss replacement options in view of the significant al-
veolar bone defect.
Conclusion: Early recognition of clinical and radiographic 
signs of localised alveolar bone fracture is essential in cases 
of dental trauma. Consequent appropriate management is 
critical to prevent further complications such as tooth loss; as 
late presentation may reveal subsequent necrosis of surround-
ing bone, requiring invaluable multi- disciplinary liaison.
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1883 | Traumatic injury to the soft tissues of 
the temporomandibular joint in a child: A case 
report

Edward Fahy; Viji Girishkumar; Victor Le; Colm Murphy; 
Kumara Ekanayake; Gerry Kearns
National Maxillofacial Unit, St James Hospital, Dublin, 
Ireland

Introduction: Initial signs of soft tissue injuries to the TMJ 
include pain, tenderness, restricted opening, midline shift and 
haemotympanum. A haemarthrosis or joint effusion with late de-
velopment of disc displacement and TMJ ankylosis may result.
Case report: An 8- year- old boy in the mixed dentition 
phase was referred to the National Maxillofacial Unit fol-
lowing an impact to the chin on a trampoline one day prior. 
Symptoms included pain and tenderness over the left tempo-
ral region, trismus, deviation of the lower dental midline to 
the right and bleeding from the left ear. Orthopantomogram 
and mandible x- rays revealed no fracture. Assessment by 
ENT surgeons revealed no acute otic injury. Following 
clinical examination, he was diagnosed with a left sided 
TMJ effusion.
Discussion: Plain imaging x- ray films are of limited use in 
these cases. Injury to the chin can result in damage to the con-
dyle or to the temporal surface with bleeding into the joint 
from trauma to the bone, disc or tearing of the retrodiscal and 
lateral capsular tissue. Formation of an intra or extra- capsular 
haematoma restricts TMJ movement, leading to pain or ten-
derness on palpation of the TMJ. These signs may be missed 
or dismissed in children, especially when the only clinical 
sign is ecchymosis or chin laceration. Home physiotherapy to 
restore range of mandibular function is the focus of treatment.
Conclusion: Soft tissue TMJ injuries are easily misdiagnosed 
and should be considered in the differential of chin trauma. 
These patients need specialist follow- up and monitoring to 
minimize long- term sequelae.

1153 | Treatment of young permanent tooth 
with root fracture, 6- year follow- up: Case 
report

Diana Feitosa1; Karla Cabral2; Ginna Gonçalves1; Nara 
Sena1; Daniela Pinto1

1Odontopediatria, Academia Cearense de odontologia, 
Fortaleza, Ceará, Brazil; 2Odontologia, Universidade de 
Fortaleza, Fortaleza, Ceará, Brazil

Introduction: Root fractures involving dentin, cementum 
and pulp are a type of trauma that can compromise the dental 
element, and if not properly diagnosed and treated, can lead 
to extraction of the fractured element

Case Report: The objective is a clinical case of trauma 
in young permanent teeth, with a poor prognosis, with a 
6- year follow- up. Male patient, 11 years old, went to the 
CEC Specialization Clinic in 2014, complaining of mobil-
ity and pain in teeth 11 and 21 after a week of trauma to 
these teeth. Before, he sought out other professionals, where 
they indicated that the best treatment would be the extrac-
tion of teeth. When performing the clinical and radiographic 
examination, tooth 21 was observed with a root fracture in 
the middle third and the root of tooth resorption 11. Due to 
the patient`s young age, conservative treatment was chosen, 
teeth were split, followed by endodontics at 21 and follow- up 
at 11. The endodontic treatment performed managed to pass 
through the root fracture. Over time, root fracture consolida-
tion occurred. Tooth 11 remains with pulp vitality, despite 
the aspect of root resorption and all teeth are firm and without 
painful symptoms
Discussion: The treatment of this type of fracture is complex 
and depends on many variables such as the level of the frac-
ture and its proximity to the gingival sulcus. Conservative 
treatment is indicated in young patients
Conclusion: Conservative treatments should always be at-
tempted with clinical and radiographic monitoring by a spe-
cialized multidisciplinary team in order to prevent premature 
tooth loss

642 | Blueprint of regeneration for root 
completion in newly erupting maxillary central 
incisor after severe luxation injury- a 5 years 
follow up

Shalini Garg1; Abhishek Dhindsa2; Anil Gupta1

1Pediatric and Preventive Dentistry, Faculty of Dental 
Sciences, SGT University, Gurugram, Haryana, India; 
2Pediatric and Preventive Dentistry, Swami Devi Dayal 
Hospital and Dental College, Barwala, Haryana, India

Introduction: Injuries of tooth- supporting structures is 
most common in newly erupting maxillary central incisors. 
Treatment of still erupting permanent maxillary- incisor hav-
ing a developing wide- open apex with luxation injury is one 
of the most difficult to manage.
Case report: A newly erupting upper- right permanent 
incisor in a seven- year- old male patient was luxated in 
palatal direction, resulting in crossbite. It was digitally 
manipulated into the correct occlusal position and splinted. 
Apexification was attempted when the tooth developed 
an abscess after three months and a 24- month follow- up 
was done Continuing root formation was observed and the 
tooth developed pulp sensibility. Clinically, the teeth be-
came firm and the radiographic results showed uneventful 
healing and a successful independent root formation over 
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a period of five years. The root formation was observed 
almost comparable to adjacent normal left maxillary in-
cisor independent of attempted apexification at the half 
root level.
Discussion: Procedures that preserve the remaining dental 
pulp stem cells and mesenchymal stem cells of the apical pa-
pilla can result in intracanal revascularization and continued 
root development. The regeneration of these teeth is based 
on the concept that vital stem cells in the apical papilla can 
survive pulpal necrosis, even in the presence of periapical 
infection, because the open apex provides good communica-
tion to the periapical tissues.
Conclusion: The present case report evaluated the long- 
term prognosis of root formation in the luxated immature 
tooth, with the aim of providing reliable evidence for the 
regeneration.

183 | Reimplantation of avulsed primary 
anterior teeth: A report of three cases

Priya Jayakumar; Muthu Murugan
Department of Pediatric and Preventive Dentistry, Sri 
Ramachandra Institute of Higher Education and Research, 
Chennai, Tamil Nadu, India

Introduction: Prevalence of avulsion injuries in primary 
teeth varies between 5.8% -  19.4% of all types of traumatic 
injuries to primary dentition. Commonly encountered in 2– 4 
year old children and primary maxillary central incisor being 
the most commonly involved tooth. The primary causes of 
avulsion of primary teeth are falls, fights and child abuse.
Case Report: This poster presents replantation of avulsed pri-
mary maxillary incisors in three patients aged 3.6 –  4 years. 
The patients reported with the primary incisors in an appropri-
ate storage media, avulsed due to trauma. The extra oral dry 
time ranged between 10 minutes –  19 hours. Treatment was 
completed with endodontic management and reimplantation. 
The teeth were stabilized for 2 weeks and clinical/ radiographic 
follow up were done until exfoliation of primary reimplanted 
teeth and eruption of the permanent successor in one patient. 
Average follow up time ranged from 18 –  33 months. During 
the review periods the patients remained asymptomatic.
Discussion: Treatment options available for the management 
of avulsed primary teeth include either no treatment or re-
placement with prosthesis. This poster describes reimplan-
tation procedure as a treatment option for the management 
of avulsed primary teeth. Reimplantation of avulsed primary 
teeth is contra- indicated due to possible damage to the un-
derlying successor or ankylosis of the reimplanted teeth. 
However in the following cases, no unfavorable outcomes 
were observed.

Conclusion: The case reports show successful management 
of avulsed primary anterior teeth with reimplantation. Further 
research to advocate reimplantation as a treatment option for 
avulsed primary teeth is required.

168 | Success of a delayed partial 
pulpectomy with biodentineTM in an 
immature permanent incisor with a 
complicated crown fracture: A 32- month 
follow- up case report

Chanika Manmontri1; Pattarika Angkasith2; Piyapa 
Sornchom3; Patchanee Chuveera4; Papimon Chompu- inwai1
1Department of Orthodontics and Pediatric Dentistry, 
Faculty of Dentistry, Chiang Mai University, Chiang Mai, 
Thailand; 2Department of Prosthodontics, Faculty of 
Dentistry, Chiang Mai University, Chiang Mai, Thailand; 
3Dental Department, Kongkralilas Hospital, Sukhothai, 
Thailand; 4Department of Family and Community 
Dentistry, Faculty of Dentistry, Chiang Mai University, 
Chiang Mai, Thailand

Introduction: In a complicated crown fracture tooth, par-
tial or coronal pulpotomy is usually recommended. Ideally, 
treatment should be provided as early as possible. However, 
this case report presented the success of a delayed partial 
pulpectomy in an immature incisor with long duration of 
pulp exposure.
Case Report: A 9- year- old boy with a complicated crown 
fracture on immature maxillary lateral incisor presented for 
treatment 26 days after trauma. The tooth responded posi-
tively to cold test. Pre- operative radiograph showed a large 
root canal with open apex. Partial pulpectomy was performed 
by gradually removing necrotic tissue; however, slow and 
minimal pulpal bleeding was observed. After hemorrhage 
control, BiodentineTM was placed in the canal and the tooth 
was restored with resin composite. High- strength bis- acryl 
resin (LuxaCrown; DMG America) crown was custom- made 
and cemented on the tooth a month later. At 32 months fol-
low- up, the tooth had favorable pulpal and restorative out-
comes and continued its root formation.
Discussion: Although it had already been 26 days after 
trauma, this case report highlighted the regenerative poten-
tial of vital pulp tissue left at the apical part, when using 
BiodentineTM, in a traumatized immature tooth. The semi- 
permanent crown used in this case also demonstrated an 
economical solution with long- term esthetic, functional, and 
biological successful restoration.
Conclusion: Preserving pulpal vitality should be an ultimate 
goal of treatment in immature permanent incisors. Partial 
pulpectomy, the unusual type of vital pulp therapy, can be 



8 |   ABSTRACT

performed successfully in these immature teeth with the use 
of bioactive cement and good coronal seal.

1035 | Dental traumatic injuries in 2- year- 
old Brazilian babies

Thalita Natalia Nogueira Pinto; Winnie Nascimento Silva 
Alves; Eliana Mitsue Takeshita
Department of Dentistry, University of Brasília -  Brazil, 
Brasília, Distrito Federal, Brazil

Background: The study evaluated the occurrence of trau-
matic dental injuries (TDIs) in 2- year- old babies in Brasília, 
Brazil.
Methods: Data were collected from a birth cohort study of 
babies that were borne from August 2017 to July 2018 at the 
University Hospital of Brasília. During the 2 years follow-
 up appointment, a questionnaire about oral health and TDIs 
information was applied to the parents. Clinical examination 
was also performed to assess signs of TDIs in primary teeth. 
Data were tabulated and a descriptive statistical analysis was 
performed.
Results: The mean age (± SD) of the babies was 24.18 (± 
0.61) months. Of the 130 children evaluated, 50.8% were 
girls and 76.2% had some oral trauma. The prevalence of 
TDIs was 39.4%, a total of 56 teeth were affected. The upper 
right and left central incisors (60.7%) were the most affected 
teeth. Regarding the clinical findings affecting teeth and 
supporting tissues, enamel fracture (41.1%) and concussion 
(33.3%) were the most prevalent, respectively. The majority 
of TDIs occurred at home (80.8%) caused by fall from own 
height (72.7%). Regarding dental care- seeking, only 6.1% of 
mothers reported to seek dental care.
Conclusion: The prevalence of TDIs was high and most of 
the mothers reported did not seek dental care.

860 | Rising like a phoenix: 36 months 
of pan speciality management of delayed 
consequences of early childhood dentofacial 
trauma

Sanchit Paul1; Anika Arora2; Shivika Agrawal3; Suvidh 
Virmani4; Abhishek Soni5; Supriya Bhatara6

1Chief Pediatric Dentist, Tooth Tales, Exclusive Pediatric 
Dental Centre, Greater Noida, Uttar Pradesh, India; 
2Chief Orthodontist, Tooth Tales, Exclusive Pediatric 
Dental Centre, Greater Noida, Uttar Pradesh, India; 
3Associate in Chief, Tooth Tales, Exclusive Pediatric Dental 
Centre, Greater Noida, Uttar Pradesh, India; 4Consultant 
Endodontist, Tooth Tales, Exclusive Pediatric Dental 
Centre, Greater Noida, Uttar Pradesh, India; 5Chief 
Pediatric Dentist, Vanilla Smiles, Exclusive Pediatric 
Dental Centre, Pune City, Maharashtra, India; 6Pediatric 
Dentistry, Tooth Tales, Greater Noida, Uttar Pradesh, 
India

Introduction: Dentofacial trauma in early childhood with 
unmet needs can lead to a plethora of complex long- term se-
quelae affecting the growth and development of the orofacial 
region.
Case Report: 3 years ago, a 13- year- old boy reported to 
Exclusive pediatric dental practice with a chief concern of 
acute unbearable pain. Past history highlighted pan- facial and 
dental trauma during the first two years of life. Immediate 
medical care was done but dental care was largely unmet 
due to lack of access of care & awareness. Long- term se-
quelae led to severe dilacerations, hypomineralization, and 
Turner’s hypoplasia in all maxillary and mandibular ante-
rior. OPG revealed impacted 12 along with a supernumerary 
tooth in the same affected region. Extraction of needful by 
an oral surgeon along with regenerative endodontics in 11 
and 22 was done by pediatric dentist concomitantly followed 
by strip crowns and restorative build- up as transient treat-
ment. Cleft orthodontist employed the AltRamec technique 
to correct the Class III skeletal discrepancy followed by fixed 
mechanotherapy with a facemask to align the teeth in the best 
possible profile. Finally, a cosmetic dentist has done smile 
designing to camouflage and give the final esthetic outcome 
by veneering.
Discussion: After 36 months of multispeciality approach, not 
only the adolescent is transformed aesthetically but also his 
psychosocial morale has risen like a phoenix.
Conclusion: Dentofacial trauma management is not a one- 
time approach. It is inclusive of preventive, interceptive, and 
corrective approaches in pan specialty ways. Anticipatory 
guidance can definitely minimize possible long- term 
sequelae.
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1227 | Prevalence of dental trauma and 
its relationship with dental caries among 
preschool children in Lattakia City, Syria

Nabih Raslan
Paediatric Dentistry, Faculty of Dentistry, Tishreen 
University, Latakia, Syrian Arab Republic

Background: Dental caries has been underestimated when 
studying the epidemiology of dental trauma in primary teeth. 
However, dental caries is a significant public health problem 
and if it is present, it may affect the outcome of dental trauma.
Methods: This cross- sectional study involved 2039 children 
(1054 males and 985 females) aged between 3 and 5 years in 
24 private kindergartens in Lattakia city. Intraoral examina-
tions were obtained and the injury was recorded according to 
the field screening classification of Andreasen et al. The pres-
ence of dental caries in the anterior teeth was recorded as well. 
Data were analyzed using the chi- square test with P 0.05.
Results: The prevalence of dental trauma in primary teeth 
was 7.45% and it was 1.5 times greater in male children than 
that of females with no statistical significance (P = 0.015). 
Age had no significant effect statistically as well. Enamel- 
dentin fractures were the most common (31.4%), followed by 
fractures with pulpal involvement (25.6%). The prevalence 
of dental fracture associated with caries was 17.4%. Fractures 
with pulpal involvement were the most common 29.5%, fol-
lowed by Enamel- dentin fractures (22.2%) and enamel frac-
ture (9.8%) with no statistical significance (P= 0.077).
Conclusion: Dental caries increases the likelihood of enamel 
and dentin fracture in primary teeth due to trauma. Moreover, 
the outcome could be more complicated if the tooth was com-
promised due to caries as it more likely to have pulp injury.

1840 | Treatment outcomes in permanent 
immature non- vital traumatized teeth: A 
retrospective clinical report

Priya Subramaniam; Bharath Vardhana S
Pediatric and Preventive Dentistry, The Oxford Dental 
College & Hospital, Bangalore, Karnataka, India

Introduction: Trauma of an immature permanent tooth can 
result in loss of pulp vitality, arrest of root development and 
possible root fracture. There has been a transition in the treat-
ment of traumatized immature young permanent teeth with 
necrotic pulps. Modalities range from traditional procedures 
such as apexification to newer regenerative protocols.
Case reports: Healthy children in the age group of 7 - 10 
years had been treated for immature necrotic maxillary in-
cisors, following dental trauma. All treatment procedures 
had been carried out as per the institution`s patient protocol 

guidelines and with written parental consent. Choice of treat-
ment for each tooth was based on clinical and radiographic 
criteria. In four teeth, apexification had been done using either 
calcium hydroxide or MTA or Biodentin. Revascularization/ 
Regeneration endodontic procedure had been carried out 
in seven teeth. Triple antibiotic paste had been used in five 
teeth, and a scaffold of Platelet Rich Fibrin had been placed 
in the canals of two teeth. Clinical and radiographic outcomes 
of treatment were monitored at regular intervals. The average 
follow- up period was 13.5 months (range= 9 –  21 months). 
All cases had been supervised by a single operator.
Discussion: There was resolution of clinical signs and symp-
toms. Digital radiographs showed increase in root length, 
thicker dentinal walls and narrowing of apical foramen in 
five teeth.
Conclusion: Following trauma, proper case selection and 
therapeutic protocols are important to achieve successful 
treatment outcomes in immature non- vital permanent teeth.

1012 | Regeneration of pulp- dentin complex 
of immature permanent tooth by auto- 
transplantation of deciduous tooth pulp: A case 
report

Shanti Swarup
Paediatric and Preventive Dentistry, TamilNadu 
Government Dental College and Hospital, Chennai, Tamil 
Nadu, India

Introduction: Traumatised non- vital young permanent tooth 
presenting with immature apex is usually an endodontic chal-
lenge. Regenerative endodontics has been developed as an array 
of biological procedures based on the concept of tissue engi-
neering. Tissue engineering approaches comprises of three cen-
tral components: stem cells, scaffolds and induction of growth 
factors. Deciduous tooth pulp satisfies the criteria for an ideal 
scaffold and also contains undifferentiated stem cells (SHED) 
and growth factors in a natural microenvironment. This case re-
port describes the management of a nonvital young permanent 
tooth by auto- transplantation of deciduous tooth pulp
Case report: An 8- year- old child reported non- vital perma-
nent central incisor with immature apex and periapical ra-
diolucency. Endodontic access preparation, irrigation with 
5.25% NaOCL was done followed by 3 weeks of triple antibi-
otic paste dressing. Pulp from deciduous second molars were 
harvested and placed in the canal along with Rosuvastatin 
followed by placement of Nanohydroxyapatite. Follow up 
visits at the end of 2,4,6,8 and 12 months revealed continued 
root development, return of vitality with absence of periapi-
cal pathologies
Discussion: In this case deciduous tooth pulp was used as the 
scaffold and source of stem cells(SHED), rosuvastatin as the 
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material to induce angiogenesis and nanohydroxyapatite as a 
stimulator for dentinogenesis. Successful clinical and radio-
graphic outcomes were seen at the end of follow up period.
Conclusion: This case report shows the successful man-
agement of a nonvital young permanent tooth by the novel 
method of autotransplantation of deciduous tooth pulp which 
could be a viable method in the future regenerative endodon-
tic procedures.

805 | Global status of knowledge for the 
prevention and emergency management of 
traumatic dental injuries among non- dental 
healthcare professionals: A systematic review 
and meta- analysis

Nitesh Tewari1; Immaculate Jonna1; Vijay Mathur1; Shubhi 
Goel1; Priyanshi Ritwik2; Morankar Rahul1; Partha Haldar3; 
Kalpana Bansal1; Ravindra Pandey4

1Pediatric and Preventive Dentistry, All India Institute 
of Medical Sciences, New Delhi, Delhi, India; 2Pediatric 
Dentistry, University of Texas Health Sciences Center at 
Houston School of Dentistry, Houston, Texas, USA; 3Centre 
for Community Medicine, All India Institute of Medical 
Sciences, New Delhi, Delhi, India; 4Biostatistics, All India 
Institute of Medical Sciences, New Delhi, Delhi, India

Background: This Systematic Review was conducted to 
evaluate the global status of the knowledge of prevention and 
emergency management of traumatic dental injuries among 
non- dental healthcare professionals (NDHCP).
Literature Review: The protocol was designed as per 
PRISMA and registered in PROSPERO (CRD42020192381). 
A broad- based search using text- words and MeSH terms was 
performed in established databases as per a predefined strat-
egy without any limitation of language and year of publication. 
Studies without details of questionnaire, knowledge- score, va-
lidity and reliability were excluded. Data extraction was per-
formed and risk of bias assessment was done using the Joanna 
Briggs Institute`s critical appraisal tool and a meta- analysis 
was performed.
The qualitative synthesis included 14 studies between 2009- 
2020 with nine of them from Asia. Majority of the studies 
had low risk of bias and reported poor overall level of knowl-
edge. Less than 40% of the NDHCP had received a dental 
trauma first aid training in six of the 10 studies and majority 
of the participants (50%) believed that dental trauma training 
was required in five studies. Less than 36% of the participants 
were adequately aware of the correct approach towards man-
agement of avulsed permanent tooth in five studies.
Conclusions: The knowledge of non- dental health care pro-
fessionals regarding the emergency management of trau-
matic dental injuries was insufficient or low in the majority 

of studies and the knowledge about prevention was not 
evaluated. There was a paucity of studies from the countries 
of Europe and Australia, with wide variability in the study 
methods, categories of the participants and questionnaire 
characteristics.

1181 | Avulsed and replanted maxillary 
central incisors, obturated with calcium 
silicate- based cement (Biodentine®): 18 months 
follow- up

Nadin Toker1; Bugra Ozen2; Aysegul Erten Taysi3

1Department of Pediatric Dentistry, Altinbas University, 
Istanbul, Turkey; 2Department of Pediatric Dentistry, 
Dokuz Eylul University, Izmir, Turkey; 3Department of Oral 
and Maxillofacial Surgery, Altinbas University, Istanbul, 
Turkey

Introduction: Avulsion of permanent teeth is one of the 
most serious dental injuries and a prompt and correct emer-
gency management is very important for the prognosis. The 
treatment prognosis is multifactorial such as storage of the 
teeth, extraoral time, oral hygiene.
Case Report: This case report describes multiple trauma 
lesions which involves alveolar fracture and avulsion of 
both maxillary permanent central incisors of a 10 year 
old male and 18 months follow- up. The central inci-
sors were avulsed, remained 2 hours dry extraorally and 
was replanted after repositioning the alveolar fracture. 
Reimplantation and the Flexible splint were applied for 4 
weeks. The endodontic treatment was started 10 days after 
and Calcium hydroxide (CaOH) was used as a root canal 
medicament for 4 weeks. Calcium Silicate- Based Cement 
(Biodentine®) was utilized as a novel endodontic treatment. 
After 18 months post- injury, the teeth were asymptomatic. 
Clinical and radiographic follow- up showed evidence of 
healthy periodontium.
Discussion: According to the IADT guidelines, reimplant-
ing a tooth is almost always the correct decision even if the 
extraoral time is more than 1 hour. In this case, after CaOH 
usage for 4 weeks, the roots were fully filled with Biodentine 
as the roots were completely affected by external resorption. 
Biodentine is easy to prepare and handle also has shorter set-
ting time than other silicate- based cements. The favorable 
clinical and radiographic outcome in this case demonstrated 
that Biodentine may be an efficient alternative to the Mineral 
Trioksit Agregat (MTA).
Conclusion: The present case represents a success of reim-
plantation, despite inappropriate storage conditions and late 
reimplantation. Thus, the findings will encourage dentists to 
attempt this procedure to restore function and esthetics in pa-
tients with avulsed teeth.
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580 | Complicated crown fracture in a 
patient with Marfan syndrome: Case report

María Fernanda Ariadne Toriz Gómez1; Violeta Magaña 
Barrios2; Verónica Ávalos Arenas3

1Second Year Resident of Pediatric Dentistry, Hospital 
Infantil De México Federico Gómez, Mexico City, Ciudad 
De México, Mexico; 2Permanent Staff Doctor, Hospital 
Infantil De México Federico Gómez, Mexico City, Ciudad 
De México, Mexico; 3Permanent Staff Doctor, Hospital 
Infantil De México Federico Gómez, Mexico City, Ciudad 
De México, Mexico

Introduction: Complicated crown fracture involves the fol-
lowing: enamel, dentin, pulp exposure as well as injury to ad-
jacent structures. It represents 0.9% -  13% of dental trauma. 
In traumatic pulp exposure that is not treated immediately, 
inflammatory reaction is proliferative and extends no more 
than 2 mm into pulp tissue, even after 9 days. Cvek recom-
mends that removal should not be greater than 3 mm in order 
to expose healthy tissue, placing an odontoblast stimulating 
bioactive agent and thus, preserving pulp vitality.
Case report: 8- year- old female with Marfan Syndrome 
without heart disease, controlled epilepsy, arrives to the 
emergency room with a complicated coronal fracture of 
DO 11, mobility Grade III DO 11, 21 and 22; subluxation 
of DO 21 and 22. Treatment: Partial pulpotomy of DO 11 
is performed, disinfection (chlorhexidine 0.12%), direct pulp 
coating (Tricalcium silicate); replacement of DO 21- 22 and 
splint for 20 days. Clinical and radiographic follow- up for 
1 year post- trauma, observing notable improvement of the 
periodontium and formation of the dentin bridge of DO 11.
Discussion: In this case, the coronal fracture involved the 
pulp exposure of an immature DO in a medically compro-
mised patient. The tricalcium silicate which is a bioactive 
ingredient stimulated the formation of a dentine bridge, 
maintaining pulp vitality and inducing apical closure. During 
follow- up, these DOs remain vital and without mobility data.
Conclusion: This case shows the success of managing multi-
ple DO trauma that required strict and meticulous follow- up 
in a medically compromised patient, avoiding permanent DO 
loss as well as its consequences.

411 | Multiple crown- root fractures in 
primary molar teeth secondary to chin trauma: 
A case report with one- year follow- up

Melis Unsal Caliskaner1; Kubra Tonguc- Altin1; 
Gokcen Deniz Bayrak1; Ahmet Hamdi Arslan2; Didem 
Ozdemir- Ozenen1

1Department of Pediatric Dentistry, Faculty of Dentistry, 
Yeditepe University, Istanbul, Turkey; 2Department of Oral 
and Maxillofacial Surgery, Faculty of Dentistry, Yeditepe 
University, Istanbul, Turkey

Introduction: Dental trauma of primary molar teeth is unu-
sual yet may be seen due to chin trauma. Crown- root frac-
ture of primary molar may be seen with 0.8% incidence of 
all injured primary teeth. This situation generally results in 
extraction of the tooth, if the fracture line extends vertically 
to the root.
Case report: The present case report describes the manage-
ment and one- year follow- up of multiple crown- root fractures 
in primary molars caused by chin trauma in a 27- month- old 
girl. The pediatric dental patient referred to Yeditepe 
University, Faculty of Dentistry, Department of Pediatric 
Dentistry two days after the trauma. Extra- oral examination 
demonstrated sutured chin laceration. Intra- oral examina-
tion showed sublingual multiple hematomas and crown frac-
tures on mandibular primary molars. Both radiographic and 
detailed intra- oral examinations revealed teeth fractures on 
upper left primary molars, and vertical crown- root fractures 
of lower right and left primary molars. The dental rehabilita-
tion of the patient was performed under general anesthesia 
due to lack of cooperation. The patient is rescheduled for 
dental check- ups every 3- months for one year.
Discussion: Crown- root fractures may be overlooked in 
emergency dental examination. The main symptom is pain 
in mastication. In this case, the patient referred to the dental 
clinic two days after trauma. A space maintainer is crucial for 
normal development of dentition.
Conclusion: This report shows the diagnosis and treatment 
of crown- root fractures in primary molars after chin trauma. 
Follow- up is considered the key point in these type of trauma 
cases.
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650 | An innovative approach in managing 
complicated crown- root fracture with 
subgingival margin: A case report

Ahmad Shuhud Irfani Zakaria1; Isti Al- Fatimah Darodji1; S 
Nagarajan MP Sockalingam1

Department of Family Oral Health, The National 
University of Malaysia (UKM), Kuala Lumpur, Federal 
Territory of Kuala Lumpur, Malaysia

Introduction: A subgingival crown- root fracture presents 
the clinicians with a restorative dilemma, mainly due to the 
location of the fracture line and the needs to maintain a good 
periodontal health. Extraction and extrusions are among the 
treatment options available in managing such case.
Case report: We present a case of a 11- year- old girl who 
had a fall at an ice- skating ring. She sustained a complicated 
crown- root fracture of tooth 11 with subgingival margin and 
complicated crown- fracture of tooth 21. Cvek`s pulpotomy 

was performed on tooth 21, followed by a resin composite 
restoration. However, the tooth become non- vital and root 
canal treatment was carried out. Tooth 11 underwent root 
canal treatment, obturated up to 5 mm from the apex. A 2 × 4 
orthodontic appliance was used to extrude the tooth 11, using 
a modified everStick post as an anchor. Following success-
ful extrusion, tooth 11 was restored with a composite crown.
Discussion: A subgingivally located fracture line needs to 
be brought supragingivally prior to any restorative procedure 
in order to preserve the biological width and maintain the 
periodontal health. The flexibility of everStick post allowed 
us to modify its shape and use it in assisting the orthodontic 
extrusion of the tooth. The use of 2 × 4 orthodontic appliance 
provides a fast extrusion rate under a well- controlled force. 
This treatment modalities avoid the need for dental extraction 
and maintain patient`s aesthetic.
Conclusion: The use of simple orthodontic appliance com-
bined with an everStick post can be an alternative option in 
managing subgingival crown- root fracture.
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HISTOPATHOLOGICAL  BODIES 
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INTRODUCTION 

Inclusion bodies are nuclear or cytoplasmic aggregates of stainable substances, 

usually proteins. These show peculiar presentation which denotes the 

morphologic alterations in a highly specific pattern. Inclusion bodies can also be 

hallmarks of diseases. 

MECHANISM OF FORMATION: 

Basically there are two general explanations for inclusion body formation. 

Firstly, the overproduction of certain proteins results in concentrations that 

exceed the solubility limit for the cytoplasm. Excess protein thus precipitates 

from solution, leaving a constant maximum concentration of protein in the 

cytoplasm; this model assumes equilibrium between soluble and insoluble 

forms of the proteins. 

A mutation in single amino acid creates a hydrophobic surface patch that acts as 

a site for molecular contact, resulting in a fiber. The mechanism that best fits the 

available data requires at least two alternative protein folding pathways one 

which leads to a soluble native form of protein and the other to an inactive 

precipitated form.1,2 
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INCLUSION BODIES IN BLOOD DYSCRASIAS 

HOWEL JOLLY BODIES 

INTRODUCTION: 

It is named for William Henry Howell and Justin Marie Jolly. 

Howell �Jolly bodies are histopathological findings of basophilic nuclear 

remnants (clusters of DNA) in circulating erythrocytes. During maturation in 

the bone marrow, erythrocytes normally expel their nuclei, but in some cases a 

small portion of DNA remains. 

MORPHOLOGY: 

This DNA appears as a basophilic spot on the otherwise eosinophilic 

erythrocyte on a standard H&E stained blood smear. These inclusions are 

normally pitted out by the spleen during erythrocyte circulation, but will persist 

in individuals with functional hyposplenia or asplenia.3  

OCCURENCE: 

� Aspenia

� Spenectomy

� Autosplenectomy caused by sickle cell anemia

� Coeliac disease

� Radiation therapy

� Haemolytic anemia

� Myelodysplastic syndrome.

SPECIAL STAIN: Stain reddish-blue with Wright stain 
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BASOPHILIC STIPPLING 

INTRODUCTION:  

Represents the spontaneous aggregation of ribosomal RNA in the cytoplasm of 

erythrocytes. It is an abnormal collection of nucleic acid in dots throughout the 

cell and indicates the presence of disease. These aggregates stain, and hence are 

visible with routine haematological stains. 

MORPHOLOGY: 

This stippling is either fine or coarse, deep blue to purple staining inclusion that 

appears in erythrocytes on a dried Wright stain.4

OCCURENCE: 

� Sideroblastic anemia

� Lead poisoning (microcytic anemia)

� Arsenic poisoning

� Beta thalassemia

� Alpha-thalassemia.

SPECIAL STAINS: Wright stain. 

PAPPENHEIMER BODIES 

INTRODUCTION: 

Pappenheimer bodies are first described by Pappenheimer in 1945, these are 

abnormal granules of iron found inside red blood cells on routine blood 
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stain. They are a type of inclusion bodies formed by phagosomes that have 

engulfed excessive amounts of iron. 

MORPHOLOGY: 

They appear as dense, blue-purple granules within the red blood cell and are 

usually only one or two, located in the cell periphery. 

OCCURENCE : 

   Sideroblastic anemia 

 Hemolytic anemia 

 Sickle cell disease. 

 They can interfere with platelet counts when the analysis is performed by 

electro-optical counters.5 

SPECIAL STAINS:   Wright and/or Giemsa stain. 

Perls' Prussian blue stain:  for confirmation of non-heme iron in the granules 

 Romanowsky stains:  because of co-precipitation of ribosomes 

Cells containing Pappenheimer bodies can be confused with late reticulocytes. 

Prussian blue stain, which is not taken up by reticulocytes, is helpful in 

differentiating the two. 

HEINZ BODIES ( HEINZ-EHRLICH BODIES) 

INTRODUCTION: 
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 Robert Heinz (1865-1924), a German physician who in 1890 described these 

inclusions in connection with cases of hemolytic anemia. 

Oxidation of exposed sulfhydryl (SH) groups on hemoglobin causes formation 

of disulfide bonds and distortion of the tertiary structure of the hemoglobin 

molecule. The result is precipitation of hemoglobin, which may then coalesce to 

form intracellular inclusions called Heinz bodies (HB). 

Damaged cells are attacked by macrophages in the spleen, where the precipitate 

and damaged membrane are removed, leading to characteristic "bite cells". The 

denaturing process is irreversible and the continual elimination of damaged cells 

leads to Heinz body anemia.6

There are several pathways leading to the hemoglobin damage. 

� ����-thalassemia�� ��	
�������������	������������� ����������������

which precipitate out of solution, creating Heinz bodies.

� G6PD (Glucose-6-Phosphate Dehydrogenase) deficiency brought on by

administration of oxidant drugs (e.g., primaquine , dapsone, quinidine)

also can result in Heinz bodies.

� Heinz bodies can also be found in chronic liver disease.

MORPHOLOGY: 

Heinz bodies appear as small, irregular, deep purple granules in red blood cells 

due to damage of the haemoglobin molecules.6,7        

SPECIAL STAINS: 

1) Crystal Violet

2) Wright's Stain
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3) Appear more clearly when supravitally stained (e.g., with New methylene

blue or bromocresyl green 

4) When stained with Romanowsky dyes  they may appear as projections from

the cell. 

OCCURENCE: 

� Glucose-6-phosphate dehydrogenase deficiency following administration

of oxidant drugs, e.g. primaquin.

� Hereditary haemolytic anaemia,

� � Thalassaemia
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VIRAL INCLUSION BODIES 

NEGRI BODIES 

INTRODUCTION: 

Negri bodies were first described by Adelchi Negri in 1903, an Italian 

microbiologist. The presence of Negri bodies are pathognomic for rabies.8

Negri bodies  are eosinophilic, sharply outlined, pathognomonic inclusion 

bodies (2�10 μm in diameter) found in the cytoplasm of certain nerve 

cells containing the virus of rabies, especially in Ammon's horn of 

the hippocampus and purkinje cells of cerebellum.9

MORPHOLOGY: 

 Negri bodies appear as eosinophilic inclusions. They are round or oval in 

shape. 0.25μm to 0.27μm in size. The inner structure show basophilic staining 

granules.10
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mucous membranes is hyperplasia of the epithelium and enlargement of cells, 

with associated inflammatory changes and characteristic eosinophilic 

cytoplasmic inclusion bodies i.e. Bollinger bodies.12 

MORPHOLOGY:  

Relatively large, spheroid or ovoid, usually somewhat granular, acidophilic, 

intracytoplasmic inclusion body observed in the infected tissues of birds with 

fowlpox virus; when body are ruptured large numbers of fowlpox virus particles 

are released. 

PATHOGENESIS: 

   Particles of fowlpox virus; aggregates in infected cells result in formation of 

bollinger bodies or granules. 

OCCURRENCE: Fowlpox Virus Infections. 

 

 

COUNCILMAN BODIES 

INTRODUCTION: 

Councilman bodies are named after American pathologist William T. 

Councilman (1854-1933), who discovered them.13 

STRUCTURE: 

Councilman bodies refer to acidophilic inclusion bodies in the cytoplasm of 

hepatocytes, which also show shrinkage or swelling (ballooning degeneration). 

ELECTRON MICROSCOPE: 
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 Councilman bodies found in hepatic cells, naturally infected with yellow fever 

virus, are identified with the electron microscope. At the fine structure level, 

these bodies show no limiting membrane or internal vacuole membrane. The 

only constituents found are particles of different sizes presenting different 

osmium affinity. There are no lipid droplets or membranous components 

present within the bodies.14

PATHOGENESIS: 

It represents a hepatocyte that is undergoing apoptosis (controlled cell death). 

Necrotic cells finally undergo coagulation, with the formation of characteristic 

eosinophilic Councilman bodies which correspond to apoptotic cells. Viral 

antigen is identified initially in Kupffer cells and appears later in hepatocytes, 

Councilman bodies.   

OCCURRENCE: 

� Viral Hepatitis (Acute Viral Hepatitis): Viruses that causes viral hepatitis

are Hepatitis A, Hepatitis B, Hepatitis C, Hepatitis D, and Hepatitis E.

� Yellow Fever:

� Viral Hemorrhagic Fever.

HENDERSON- PATERSON BODIES/ MOLLUSCUM BODIES 

INTRODUCTION:  

These are inclusion bodies described by Henderson and  Patterson in 1891, 

these  are viral particles which develop about and within the cytoplasmic 







��������

OCCURRENCE: 

Cytomegalo Virus Infections: Cytomegalic inclusion diseases 

 Hodgkin's Lymphoma 

COWDRY TYPE- A INCLUSION BODIES 

INTRODUCTION: 

     Cowdry in 1934. discovered Cowdry-A type inclusion bodies. These are 

intranuclear eosinophilic amorphous or droplet-like bodies surrounded by a 

clear halo, with marginations of chromatin on the nuclear membrane. They 

occur in diseases as herpes simplex infection or yellow fever. 19

MORPHOLOGY: 

    Droplet-like masses of acidophilic material surrounded by clear halos in 

sections stained with haematoxylin and eosin, located within the nuclei of 

neurons, viruses. 

     By electron microscopy, Cowdry type-A inclusion bodies contains tubular 

structures typical of nucleocapsids of viruses. Within nuclei, with margination 

of chromatin on the nuclear membrane.

PATHOGENESIS: 

   Hemorrhagic necrosis with intranuclear aggregates of herpes simplex viruses, 

presumably of nonspecific protein, are responsible for the granular appearance 

of the inclusion body called Cowdry type A inclusion body, formed by fusion of 

these aggregates; and these can be seen in the epidermal cells.19
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OCCURRENCE:

� Herpes simplex virus infection: like gingivostomatitis,

keratinoconjunctivitis, and skin lesions

� Varicella zoster virus infection: chickenpox

COWDRY TYPE �B INCLUSION BODIES 

INTRODUCTION: 

Cowdry type-B inclusion bodies first described by Dr. E.V Cowdry in 1934.18

Intranuclear eosinophilic amorphous or droplet-like bodies surrounded by a 

clear halo, without other nuclear changes during early stages of development of 

the inclusion. They are seen in neural cells.19

 MORPHOLOGY:

Intranuclear eosinophilic amorphous or droplet-like bodies surrounded by a 

clear halo, without other nuclear changes during early stages of development of 

the inclusion. They are seen in neural cells.20

OCCURRENCE: 

� Adenovirus: Pharyngoconjuctival Fever and Epidemic

Keratoconjunctivitis.

� Poliovirus infections: Poliomyelitis.
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LIPSCHUTZ BODIES 

INTRODUCTION: 

Eosinophilic, intranuclear inclusions most often seen in herpes simplex or zoster 

infections are known as Lipschutz bodies. 

MORPHOLOGY: 

        Eosinophilic, nuclear inclusions with enlarged nuclei and clear halo. 

PATHOGENESIS: 

         In early stages of herpes simplex virus infections there is intercellular 

edema and ballooning and vesiculation of keratinocytes due to intercellular 

edema. This leads to intraepithelial vesiculation, nuclei become enlarged and 

occasionally basophilic or eosinophilic nuclear inclusions with a clear halo; 

called as lipschutz bodies.21

OCCURRENCE: 

� Herpes simplex infections: These causes gingivostomatits, 

keratoconjuctivitis, meningitis etc. 

� Herpes zoster infections: It involves the face by infection of the

trigeminal nerve. Unilateral painful vesicles are seen in buccal mucosa,

tongue, uvula, pharynx and larynx.
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BACTERIAL INCLUSION BODIES 

DOLHE BODIES 

INTRODUCTION: 

      Dohle bodies are named after German pathologist, Karl Gottfried Paul 

Dohle (1855-1928) they are light blue-gray, oval, basophilic, leukocyte 

inclusions located in the peripheral cytoplasm of neutrophils.  These bodies are 

commonly seen in bacterial infections such as tuberculosis, diphtheria, typhus 

etc.22,23.

MORPHOLOGY: 

     The bodies are usually round or oval shaped and have a diameter from just 

visible size to approximately 1 to 2�. They are found most often at the 

periphery of the cell cytoplasm of the neutrophil leucocytes.  

Some of the cells contain one Dohle body, others may contain up to three or 

even four. They are always discrete and clearly separated by normal stained 

cytoplasm. 

PATHOGENESIS: 

     The presence of Dohle bodies in mature and immature neutrophils on a 

blood smear can be normal if they are present only in small numbers. Dohle 

bodies are intra-cytoplasmic structures composed of agglutinated ribosomes; 

they will increase in number with inflammation and increased 

granulocytopoiesis. If there are many neutrophils in the bloodstream containing 

Dohle bodies, these can be referred to as toxic neutrophils. Toxic neutrophils 
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can also correspond to neutrophils that possess a more basophilic cytoplasm, 

basophilic granulation (infrequently observed), or cytoplasmic vacuoles in 

addition to one of the preceding cytoplasmic changes..

SPECIAL STAINS: 

      Leishman-Giemsa 

    Romanowsky stains. 

They are a sky blue to grey blue colour and are easily distinguished from the 

pinkish stained cytoplasm of the neutrophil leucocytes.22,23.

OCCURENCE: 

  Bacterial Infections � Typhus 

   Diphtheria 

 Tuberculosis 

Physical trauma- Patients with Burns 

������������ 

May-Hegglin anomaly 

Chédiak-Steinbrinck-��������������� 

Chronic thrombocytopeni
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DONOVAN BODIES 

INTRODUCTION: 

   Donovan in 1905 described inclusion bodies named as Donovan bodies. The 

characteristic Donovan bodies are clusters of blue-space or black-staining 

�������� ����� �� ������� ����� ��������	�� ��� ���� 	�������� ��� ������ ����	����

mononuclear cells of granuloma inguinale. Granuloma inguinale is a 

progressive, chronic, infectious, granulomatous disease caused by bacilli, 

calymmatobacterium granulomatis. Lesions may occur in oral cavity such as the 

lips, buccal mucosa, palate and appear as ulcerative, exuberant and 

cicatricial.24,25.

MORPHOLOGY: 

     The Donovan bodies, clusters of blue or black-staining organisms with a 

������� ����� ��������	�� ��� ���� 	�������� ��� ������ ������	����� 	��� �

Intracellular in the vacuoles of the cytoplasm in a large number of cells, cells 

have pilli like projections on the surface.24

   These bodies are tiny, elongated, basophilic and argyrophilic rods and are 

present in profuse numbers within macrophages.

 The pathognomonic feature of granuloma inguinale is a large infected 

������	�����	�����!"����#$����������������������	�����������������	��������	�

cysts filled with deep-staining donovan bodies.24,25.

SPECIAL STAINS: 

� Warthin�Starry
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� Giemsa preparation

OCCURRENCE:  

Granuloma inguinale ( donovanosis) 

ASTEROID BODIES 

INTRODUCTION 

Asteroid bodies are intracytoplasmic stellate inclusions within giant cells 

exhibiting 30 or more rays radiating from a central core. They probably 

represent functionally obsolescent cell organelles. Asteroid bodies 

have been reported in from 2 to 9% of tissues from patients with sarcoidosis. 

They may also be encountered in foreign body granulomas and rarely in other 

granulomatous conditions. 

Asteroid bodies are 10-25/x in diameter, occur only intracellularly within giant 

cells and multinucleated myeloma cells.  

asteroid body is comprised primarily of multilaminar membranes typical of 

complex lipids, especially phospholipids, and is associated with calcium-

phosphate complexes.26

MORPHOLOGY: 

By light microscopy, the asteroid bodies appeared as 3- to 80-�� ����������

spheres and small spheroidal aggregates They often had a linear spoke like 

pattern.  





������
�

   Tuberculosis 

 Foreign body granuloma 

  Blastomycosis 

  Sporotrichosis 

  Cryptococcosis. 

�������		
����������	������������� 

These are large, concentrically lamellated, calcified structures that are usually 

present within the cytoplasm of giant cells. 

%��������������	����������������&	��������������containing giant cells 

may result in their extrusion into the extracellular space. 

'��� ��(������ ��� &	��������� ������ ��)�� ������������� 	������� ������

composed of calcium oxalate, associated with them. It has been suggested that 

these crystals may serve as a nidus for their formation. 

Iron- and calcium-containing, red to brown, laminated inclusion bodies found in 

the cytoplasm of giant cells in sarcoidosis and other granulomatoses 

(berylliosis often containing refractile calcium oxalate crystals. Although 

usually intracytoplasmic they may, if numerous or very large, be extruded into 

the extracellar space.29,30.

OCCURENCE:  Sarcoidosis 

      Chronic beryllium disease, tuberculosis. 

  Hypersensitivity pneumonitis, 

  Other granulomatous diseases 
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BODIES IN AUTOIMMUNE DISEASES 

CIVATTE BODIES / COLLOIDAL BODIES 

 INTRODUCTION: 

Eosinophilic spherical body's seen in or just beneath the epidermis, particularly 

in lichen planus, formed by necrosis of individual basal cells. 

FORMATION: 

       Basal cell liquefaction degeneration and vasodilatation in upper dermis 

inside the massive band like infiltrate, disrupted basement membrane, 

Hypergranulosis causes formation of eosinophilic civatte/colloidal bodies. 

Civatte bodies are derived from tonofilaments of keratinocytes.

MORPHOLOGY: 

LIGHT MICROSCOPY AND ELECTRON MICROSCOPY: 

Civatte bodies are present in the lower part of the epidermis and/or in the upper 

dermis of the lesions of all patients. In the epidermis civatte bodies composed of 

wavily arranged fine filaments and entangled melanosomes, desmosomes and 

other cell organelles. In the dermis Civatte bodies transform into net-like or 

more amorphous masses. Melanosomes, desmosomes and other cell organelles 

within them, although in small numbers. 
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Dermal components containing collagen fibrils merged into the rims of Civatte 

bodies in the dermis. And these Civatte bodies appeared to incorporate the 

adjacent dermal components and transform into amyloid-like filament masses. 

IMMUNOHISTOCHEMISTRY: 

By electron microscopy colloid bodies have been shown to be derived from 

epithelial cells. It has been suggested, however, that connective tissue cells or 

components from the basement membrane zone contributed to the formation of 

colloid bodies. 

 Colloid bodies show positive staining for keratin, whereas vimentin never 

found in colloid bodies. Laminin and collagen type IV are occasionally seen in 

their periphery probably owing to adherence of basement membrane fragments 

during apoptosis. Fibronectin is frequently seen at the entire periphery of colloid 

bodies which may facilitate their elimination by macrophages. In conclusion, 

connective tissue cells or basement membrane components do not seem to 

contribute to the formation of colloid bodies in oral Discoid lupus 

erythematosus.

Direct immunofluorescence shows diffuse granular deposition of IgG, IgM, C3 

and weak deposition of IgA along the dermoepidermal junction with deposition 

of immunoreactions on cytoid bodies.31,32,33,

OCCURANCE: 

Lichen planus: civatte bodies are of diagnostic importance in lichen planus 

lesions of a short duration only. 

Discoid lupus erythematosus 

Riehl's melanosis 
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INTRODUCTION: 

   Aschoff bodies are nodules found in the hearts of individuals with rheumatic 

fever. They result from inflammation in the heart muscle and are characteristic 

of rheumatic heart disease. These nodules were discovered independently by 

Ludwig Aschoff and Paul Rudolf Geipel, and for this reason they are 

occasionally called Aschoff-Geipel bodies.34

PATHOGENESIS: 

      Aschoff bodies are granulomatous lesions believed to be pathognomonic of 

rheumatic fever.

There are three phases in the development of the Aschoff body : 

1. Early (exudative, degenerative) phase:

2. Intermediate (proliferative or granulomatous) phase:

3. Late (fibrous or healing) phase:

    In the granulomatous stage of the lesion the Aschoff body is identifiable 

and is regarded as pathognomonic for rheumatic carditis. 

   The early phase of the life cycle of the Aschoff body occur upto the 

fourth week of acute rheumatic fever is represented by exudative degenerative 

and fibrinoid changes in the collagenous tissue. 

In the intermediate phase which is evident during the fourth to the thirteenth 

week of the disease swelling and fragmentation of collagen fibres and fibrinoid 

change are present in the nodule, but cellular proliferation is the main feature. 

There is accumulation of Anitschkow cells.  
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MORPHOLOGY: 

  Microscopically, Aschoff bodies are areas of inflammation of the connective 

tissue of the heart, or focal interstitial inflammation. Fully developed Aschoff 

bodies are granulomatous structures consisting of fibrinoid change, lymphocytic 

infiltration, occasional plasma cells, and characteristically abnormal 

macrophages surrounding necrotic centres. Some of these macrophages may 

fuse to form multinucleated giant cells. Others may become Anitschkow  cells 

or "caterpillar cells", so named because of the appearance of their 

chromatin.35,36. 

OCCURRENCE:

Aschoff's bodies or nodules are characteristic lesion of acute rheumatic fever. 

These are usually located in the interstitial tissue of the heart, specially in the 

myocardium and the endocardium often close to small blood vessels 

Occasionally, they are present in the pericardium.  These have been described in 

the adventitia of the aorta.



��������

INCLUSION BODIES IN CYSTS 

RUSHTON/ HYALINE BODIES 

INTRODUCTION:  are first discovered by Deway (1918) 

Rushton bodies may show up in examination of the gross specimen as small, 

white, dome shaped swellings measuring up to 0.1 mm on the epithelial surface 

and protruding into the cyst cavity. In microscopic sections, they appear as 

eosinophilic, linear, straight or curved or hairpin shaped, circular or polycyclic 

forms, often with a granular core and sometimes concentrically 

laminated. These are found almost always within the epithelial lining and only 

rarely in the fibrous capsule. 

HBs are hyaline concretions of linear, curved, or circular shapes, often in a 

double strip as if an oval has been completely flattened with a little granular 

material at its centre, or like a hairpin, measuring about 0.1 mm in length and 

found in the lining epithelium of odontogenic cysts.37,38.

Ultra structural findings: 

Two forms: 

 Lamellated: alternate electron dense and electron lucent layers ( 2-15). 

Electron dense layers:  homogenous , sometimes fine granular or mottled. 

Electron lucent: granular or meshwork structures.  

Homogenous: homogenous electron dense bands surrounding various 

structures like granular material, mineralized masses, cholesterol clefts.   
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SPECIAL STAINS:  Orcein, 

 Mallory aldehyde fuschin, 

 Papanicolaou 

 Gomori 

OCCURENCE: Odontogenic cyst 

 Radicular cyst 

 Dentigerous cysts. 

RUSSELL BODIES 

First described by William Russell in 1890 

RUSSELL BODIES Russell bodies are fuchsinophilic, electron-dense 

homogeneous material found within distended endoplasmatic cisternae in 

plasma cells and also extracellularly in 	�����	�������*��������es, consisting 

of aggregates of immunoglobulin. 

Histological, immunohistochemical, and TEM studies have recently related 

their formation to hyperactivation of the immune system and hyperproduction 

of immunoglobulins, modulated and sustained by bacteria, such as gram 

negative anaerobes. These immunoglobulins are thought to accumulate in the 

intracisternal spaces of the plasma cells and form these bodies.39 

The Russell body is characteristic of the distended endoplasmic reticulum. 

These are relatively common within plasma cells and follicle centre cells at sites 

associated with high antigen load within neoplastic lymphoid cells.40 
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BODIES IN NEOPLASMS 

DUTCHER BODIES 

INTRODUCTION: 

Dutcher bodies were described by Dutcher and Fahey in 1959 in patients with 

���������+�����	�������������� ��,��	���������������������	�������	������

of immunoglobulin protein droplets.  They thought that the inclusions developed 

in the nucleus and were extruded through a ruptured nuclear membrane into the 

cytoplasm. It is now known that Dutcher bodies are actually cytoplasmic 

inclusions. 

They commonly occurs in multiple myeloma which is a neoplasm of skeletal 

system and malignancy of plasma cells.   

MORPHOLOGY: 

  Dutcher bodies which resemble nuclear inclusions are actually invaginations 

of cytoplasm into the nucleus.  Eosinophilic  intranuclear  pseudoinclusions,. 

   Ultrastructurally, the nuclear pseudo inclusions are formed by a cytoplasmic 

invagination into the nucleus. They are smooth, membrane-bound, and 

surrounded by clumped chromatin. The pseudo inclusions are thought to result 

from the accumulation of immunoglobulin in the perinuclear cistern.41
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SPECIAL STAINS: 

1) Periodic Acid-Schiff-Positive

2) Wright-Giemsa

OCCURRENCE: 

� Diffuse large B-cell lymphoma

� Multiple myeloma

� Chronic synovitis

� Waldenstrom macroglobulinemia,

PSAMMOMA BODIES 

Psammoma bodies (PBs)  are 	��	�����	����� ���������� 	��	�-	� �������� �����

�		����������������	��	
���.������/�����0�����/�������01 �'��������������

observed surrounded by cells and  often appear either acidophilic or basophilic 

on Papanicolaou stain with a concentric appearance. PBs usually are associated 

with papillary neoplasms of various organs as well as a variety of benign 

conditions such as the use of intrauterine devices, oral contraceptives, 

endosalpingiosis, endometriosis, endometritis, and many others.42,43.. 

PATHOGENESIS: 

 Psammoma body formation is due to necrosis followed by consequence of 

dystrophic calcification associated with ischemia.
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facilitates myelination of axons and repair of nerve injury. Possibly the 

overexpression of laminins causes the alignment of nuclei of cells into a tight 

pattern of rows separated by acellular material in between. It has been 

hypothesized that such an arrangement of nuclei may be an adaptive response to 

maintain cell-cell interaction which may otherwise be disrupted due to increased 

matrix deposition of laminin and phospholipids like lysophosphatidic acid 

(LPA) which in vitro has been found to induce cluster formation in Schwann 

cells. 

Stricking formation of Verocay bodies in large areas of coetaneous neoplasms 

�������������������%��������������� 45 

OCCURENCE: Schwannoma 

Rippled pattern seen in :   Sebaceoma 

                                       Trichoblastoma 

                                       Fibrohistiocytic lesions. 

                                       Leomyoma. 
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SUMMARY 

Histopathological/inclusion bodies represent peculiar cytoplasmic or 

nuclear alterations. They also exhibit characteristic staining 

properties. As these are pathognomic for certain diseases, knowledge 

about the morphology and the occurrence of these bodies provides an 

excellent clue to the diagnosis of the disease.  
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Behaviour Guidance

573 | Passive smoking and behavior and 
anxiety in dental clinics among children in 
Jeddah, Saudi Arabia

Manal Al Malik1; Heba Sabbagh2; Ghadeer Sharton2; 
Jumana Almaghrabi2; Narmin Helal2

1Dental, Kfafh, Jeddah, Saudi Arabia; 2Dental, KAU, 
Jeddah, Saudi Arabia

Background: Passive smoking has been linked to behavioural 
problems, but up to our knowledge no study assessed passive 
smoking relationship with dental anxiety. Therefore, this study 
aims to assess the relationship between passive smoking and 
both behavioural problems and dental anxiety among children.
Methods: The sample of this study was collected from two 
centers in Jeddah city, Saudi Arabia. Inclusion criterion is 
5-  to 16- year- old healthy children, attending their first den-
tal visit with no emergency complain. The questionnaire in-
cluding child`s general information, environmental smoking 
exposure, child’s anxiety assessment using Abeer Children 
Dental Anxiety Scale (ACDAS) and dental behaviour assess-
ment using Frankl behavioural rating scale.
Results: From 500 children, 337 (67.4% response rate) an-
swered the questionnaire with 201(59.6%) having being 
exposed to passive smoking compared to 136 (40.4%) who 
were not exposed. Exposed children had a statistically sig-
nificantly higher tendency to develop anxiety (p = 0.002) and 
uncooperative behaviour (p  =  0.006). Generalized Linear 
Mode and binary regression analysis suggested a statistically 
significant effect of passive smoking on children’s dental 
anxiety and behaviour (p 0.05)
Conclusions: Children exposed to passive smoking reported 
statistically significantly higher anxiety levels and showed 
uncooperative behaviour in the dental clinic compared to 
those who were not exposed.

293 | Acceptance of behavior guidance 
techniques utilized in pediatric dentistry in 
Khartoum locality

Hala Alhardalo; Magda Mutwakil
Pediatric Dentistry Department, University of Khartoum, 
Bahri, Khartoum State, Sudan

Background: The study investigated the acceptance of be-
havior guidance techniques utilized in pediatric dentistry in 
Khartoum locality and compared these by age, gender and 
dental anxiety.
Methods: A total of 280 children aged 8- 12 years partici-
pated in this study, 140 from private clinic (A) and 140 from 
public clinics (B). Each child was asked to fill a question-
naire for measurement of dental anxiety using the modified 
childhood dental anxiety faces version and then they watched 
six videos of behavior guidance techniques which included 
tell- show- do, positive reinforcement, modeling, enhanc-
ing control, protective stabilization and voice control. After 
watching the videos, children were asked to express their 
feeling toward each technique by drawing a line of favor. 
Spearman rank correlation test and chi- square test were used 
to test behavior guidance techniques acceptability rating by 
age, gender and dental anxiety.
Results: For the two study groups, positive reinforcement 
was the most accepted technique (86.4%), while protec-
tive stabilization was the least accepted technique (35%). 
There were statistically significant differences between the 
two groups regarding enhancing control, modeling, protec-
tive stabilization and voice control, with higher acceptabil-
ity by children from private clinics (p = 0.007, p = 0.002, 
p = 0.001, p = 0.001 respectively).
Statistical analysis showed no effect of age, gender or den-
tal anxiety upon behavior guidance techniques acceptability 
(p = 0.05).
Conclusions: Children age 8- 12 years were generally posi-
tive about the dentist’s utilization of behavior guidance 
techniques. Positive reinforcement was the most accepted 
technique, while protective stabilization was the least ac-
cepted technique.
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601 | Parental acceptance of different dental 
behaviour management techniques and its 
relation to dental fear, attitudes and family- 
related factors

Rana M. A. M. S. Alkandari; Gillian H. M. Lee; Cynthia K. 
Y. Yiu
Paediatric Dentistry, Faculty of Dentistry, the University of 
Hong Kong, Pokfulam, Hong Kong SAR, Hong Kong

Background: Dental fear and anxiety might lead to avoidance 
of dental care and behaviour management problems. Various 
behaviour management techniques (BMTs) are used to reduce 
children’s fear and anxiety (DFA), encourage positive behav-
iour and provide high- quality dental care. This study aimed 
to investigate the relationship between parental dental anxiety 
and the acceptance of behavior management techniques.
Methods: A total of 121 children 2- 6 years old and their 
parents were recruited from the University affiliated den-
tal clinic in Hong Kong. Online self- completed structured 
questionnaire was used to collect information. The question-
naire includes five parts: Parenting Style and Dimension 
Questionnaire (PSDQ), Corah Dental Anxiety Scale 
(CDAS), Children Fear Survey Schedule- Dental Subscale 
(CFSS– DS), parental acceptance to different BMTs used 
in paediatric dentistry, and sociodemographic information. 
Parents rated their preferences to after watching a video dem-
onstration on the BMTs. Chi- square tests and Fisher`s Exact 
Test were used for statistical analysis. The significance level 
was set at P0.05.
Results: Over half (57%) of the parents had low dental anxi-
ety level, while 80.2% of children had DFA. Most common 
parenting style of the parents was training style (52.9%), fol-
lowed by authoritative (27.3%), authoritarian (16.5%) and 
permissive (3.3%). Parents preferred non- invasive BMTs. 
Positive reinforcement (100.0%) and distraction (98.3%) 
were the most accepted BMTs. General anesthesia was the 
least preferred. The parenting styles were associated with the 
levels of preferences for audiovisual distraction (p = 0.036).
Conclusions: Parents preferred non- invasive BMTs such 
as positive reinforcement and distraction for their children. 
Parenting style should be considered when choosing BMTs.

541 | Pain catastrophizing in pediatric 
dentistry

Halenur Altan
Department of Pediatric Dentistry, Tokat Gaziosmanpasa 
University, Faculty of Dentistry, Tokat, Turkey

Background: Catastrophizing is described as an ex-
aggerated negative orientation to a painful stimulus. 
Catastrophic individuals are defined as individuals who have 

difficulty magnifying or exaggerating the danger or distract-
ing. Determining the catastrophic individual provides the 
prevention or reduction of pain during treatment by behavio-
ral management and appropriate drug selection.
Literature Review: The patient is the best reporter of pain, 
and this may be difficult to understand for the dentist, who 
tends to establish a relationship between the level of pain and 
the level of tissue damage. In recent years, it has been fo-
cused more on children`s perception of pain because their 
pain cannot be predicted and treated successfully.
Various techniques are used in dentistry to guide the child`s 
behavior. These are divided into primary and advanced be-
havior guidance techniques. Basic behavior guidance tech-
niques are voice control, silent communication, presence 
or absence of parents, distraction, positive encouragement, 
tell- show- do, reinforcement technique, desensitization, and 
typification. Appropriate approaches should support com-
munication with the child`s structure to establish a strong 
bond with the child. It was reported that catastrophic indi-
viduals had difficulty directing their attention to something 
other than pain during the treatment. It was reported that 
catastrophic individuals experienced less concern when dis-
cussing their treatment experiences during dental hygiene 
treatments.
Conclusions: Prior knowledge of the patient`s catastrophic 
thinking level ensures that treatment plans, as well as other 
variables related to pain, are planned more individually.

1456 | COVID- 19 pandemic impacts in child 
maltreatment: The role of pediatric dentists

Ana Maria Araujo1,2; Sucena Matuk Long2

1Department of Pediatric Dentistry, Institute of Health 
Sciences, Paulista University, Campus Indianópolis, 
Aboped -  Associação Brasileira de Odontopediatria, São 
Paulo, Brazil; 2Pediatric Dentistry, Universidade Paulista, 
São Paulo, Brazil

Background: Child maltreatment is a world- wide so-
cial problem that needs attention. During the pandemic, 
COVID- 19 authorities have reported an increase in violence 
against the most vulnerable populations, such as children. 
The dentist, especially the pediatric dentist, has an impor-
tant role in the diagnosis of these cases. After the diagnosis 
of maltreatment, the professional must report the case to the 
competent authorities, if he has the knowledge and adequate 
training to do so.
Literature review: The social isolation determined by the 
pandemic contributed to an increase in family conflicts, and 
domestic violence against children, which was already prev-
alent, intensified throughout the world, including in Brazil. 
The victims were left without the supervision of persons out-
side of the family due to the closure of schools. Therefore, 
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it is necessary to know the forms of care and attention being 
given to signs of violence. After pediatricians, pediatric den-
tists are often the ones who have the opportunity to identify 
a child abuse victim.
Conclusions: It is concluded that health professionals and 
educators have an important role in the observation of cases 
of child abuse. Pediatric dentists are important in identify-
ing the oral health issues that can be associated with child 
abuse victims and have a legal obligation to report these 
cases.

1676 | Parental acceptance of behavior 
guidance techniques in two different countries 
of residence

Aime Arellano Lucero1; Fabio Arriola Pacheco1; Alicia 
Leonor Pinzon Te1; Clarice Law2; Cloe Meyer2; Rodrigo 
Serrano Piña1

1Maestría En Odontología Infantil, Universidad Autónoma 
De Yucatan, Merida, Yucatan , Mexico; 2School of 
Dentistry, University of California, Los Angeles, Los 
Angeles, California, USA

Background: The aim of this study was to compare the dif-
ference in Behavior Guidance Techniques (BGTs) accept-
ance between Mexican- born individuals living in Mexico and 
Mexican- born individuals living in the USA.
Methods: English-  or Spanish- speaking subjects born in 
Mexico were recruited based on their child’s age (3- 8 years 
old) and their child’s medical history (healthy). Subjects were 
parents of patients of record at UCLA School of Dentistry 
affiliated dental clinics or UADY dental clinics. Parents 
completed a questionnaire to establish demographics and de-
termine their approval ratings of BGTs on a 7- point Likert 
scale for scenarios describing 15 BGTs recommended by the 
AAPD. This study examined three groups: Mexican- born in-
dividuals living in Mexico (Mexican), Mexican- born individ-
uals living in the US using Spanish as their primary language 
(MexAmSpan), and Mexican- born individuals living in the 
US using English as their primary language (MexAmEng). 
The means and standard deviations were calculated for each 
BGT. The Kruskal- Wallis test for non- parametric data was 
performed to test statistical significance.
Results: 71 parents answered the questionnaire. There was 
statistically significant (p 0.05) in tell- show- do (TDS), non-
verbal communication (NC), voice control (VC), parental ab-
sence (PA), IV General Anesthesia (IVGA) and OR General 
Anesthesia (ORGA). The acceptance of TDS, distraction, 
positive reinforcement, positive imagery, modeling, ask- 
tell- ask, and memory restructuring was shown in all groups. 
However, Mexican group disapproved IVGA and ORGA, 

MexAmSpan group nitrous oxide, ORGA, VC, PA and 
MexAmEng group PA and protective stabilization.
Conclusions: Results suggest that country of residence 
should be considered when BGTs are selected.

1853 | Dental anxiety and intelligence 
quotient among 10- year- old Indian children: A 
cross- sectional study

Sharath Asokan; GeethaPriya P. R.; Thendral M.
Pediatric and Preventive Dentistry, KSR Institute of Dental 
Science and Research, Tiruchengode, Tamil Nadu, India

Background: Cognitive ability and intelligence of children 
play a major role in determining their behaviour and atti-
tudes. The aim of this study was to assess the association 
between dental anxiety (DA) and intelligence quotient (IQ) 
among 10- year- old Indian children.
Methods: This cross- sectional study was carried out among 
202 children in Karur district, western Tamil Nadu, India. 
DA and IQ levels were measured using the Children’s Fear 
Survey Schedule -  Dental Subscale (CFSS- DS) and Raven’s 
Coloured Progressive Matrices (RCPM), respectively. Chi- 
square test was used to analyse the differences in the cat-
egorical variables related to DA and IQ. Spearman rank order 
correlation test was used to assess the correlation between the 
two variables.
Results: Seventy- five (37%) girls and 127 (63%) boys partic-
ipated in this study. Children with higher IQ scores expressed 
less anxiety. However, there was no statistically significant 
correlation between IQ and DA (p  =  0.19). Gender- based 
comparison revealed that there was no significant difference 
in IQ scores (p = 0.74) and DA levels (p = 0.29).
Conclusion: This study found no statistically significant cor-
relation between children’s IQ and DA scores.

1342 | Evaluation of dental students’ 
perceived and dental environmental stress 
levels during the COVID- 19 pandemic period

Ceren Aydin1; Sabiha Ceren Ilisulu2; Mine Koruyucu1, 
Caner Baysan3; Yelda Kasımoğlu1; Figen Seymen1

1Department of Pedodontics, Istanbul University Dentistry 
Faculty, Istanbul, Turkey; 2Private Dentist, Istanbul, 
Turkey; 3Department of Public Health, Ankara University 
Medicine Faculty, Ankara, Turkey

Background: COVID- 19 is a newly discovered infectious 
Coronavirus that became a pandemic disease. The objective 
of this study is to assess perceived and dental environmental 



   | 65ABSTRACT

stress levels of dental students during COVID- 19 pandemic 
period.
Methods: This cross- sectional study was conducted be-
tween June and July on dental students at Istanbul University 
Dentistry Faculty, Istanbul, Turkey. A total of 303 preclini-
cal and clinical students (Female:203, Male:100) answered 
an online questionnaire that consisted of their socio- 
demographic information, 14 questions of perceived stress 
scale (PSS) and 22 questions of dental environmental stress 
scale (DES). Statistical analysis was performed using Chi- 
square test, Mann– Whitney U test, Kruskal– Wallis test, in-
dependent t- test and one way ANOVA.
Results: According to the PSS, the preclinical students felt 
more stressed during the pandemic period than the clinical 
students (p 0.05). According to DES, the clinical students are 
more stressed than the preclinical students regarding confi-
dence in themselves to be a successful dentist (p = 0.016), not 
having the possibility to pursue a postgraduate programme (p 
0.001), the difficulty of manual dexterity (p = 0.001), post-
ponement of marriage or engagement (p = 0.001) and per-
sonal health (p = 0.045). Clinical students are more stressful 
about the faculty administration (p = 0.008) and preclinical 
students about the workload (p 0.001). DES scores of female 
students are higher than males (p = 0.005).
Conclusions: The COVID- 19 pandemic has affected the 
stress levels of dental students. Stress management programs 
and online counseling services can help reduce the stress 
sources of dental students.

1093 | An anxiety reduction program for 
reducing the need for dental treatment under 
general anesthesia

Suher Baker1; Allan Pike1; Taki Alyasri2; Daniela Silva3; 
Paul Mayer1
1Pediatric Dentistry, Dr. Pike Dentistry for Children, 
Portland, Oregon, USA; 2Management and Business, 
University of Oregon, Eugene, Oregon, USA; 3Pediatric 
Dentistry, University of California, Los Angeles, Los 
Angeles, CA, USA

Background: To investigate the efficacy of a systematic 
Anxiety Reduction Program (ARP) using progressive desen-
sitization to reduce anxiety in children to a level allowing 
dental treatment to be comfortably accomplished in- office 
and minimizing the need for general anesthesia (GA).
Methods: In this retrospective pilot study, we examined re-
cords of 227 patients who underwent ARP during 2017- 2019. 
Inclusion criteria included healthy children who came to our 
office directly or had been referred by dentists who were 
not successful at performing in- office treatment due to the 
child’s high level of anxiety. Data were collected for patients 

age, gender, referring specialty, anxiety level at first visit, 
age at 1st ARP, number of ARP’s and whether treatment was 
provided in-  office or with GA.
Results: Preliminary data show that significantly more pa-
tients (205 of 227; 90%) were able to proceed with in- office 
treatment than had to undergo treatment under GA (chi- sq; p 
0.001). Furthermore, patients were able to successfully com-
plete in- office treatment regardless of their initial level of 
anxiety (median Frankle Behavior Rating Score = 1; logistic 
regression; p = 0.1). Some patients recommended for GA at 
another office came on their own for a second opinion due to 
parental fear of GA, or the expense. Most of those children 
successfully completed in- office treatment after their ARP 
visit (108/118; 92%; chi- sq; p 0.001). Of the patients, 55% of 
patients referred to our office, 26% were referred by a general 
dentist and 26% were referred by a pediatric dentist. Also, 
children were equally successful across ages (range 2.1- 15.3 
years) at undergoing in- office treatment after their ARP visits 
(logistic regression; p  =  0.7). Boys and girls were equally 
successful at undergoing in- office treatment after ARP (lo-
gistic regression; p = 0.8) with the majority of children need-
ing only a single visit of ARP at 88% and 9% needing 2 visits 
and 3% needing 3 visits.
Conclusions: Our data suggest that when pre- operative pro-
grammed systematic desensitization is carried out by either 
support staff or dentist, it allows most children to have suc-
cessful in- office outcomes without the need for restraints, 
quiet rooms or GA. This greatly reduces the costs and risks 
associated with GA, increases parental satisfaction, and more 
importantly reduces long- term adverse memories of trau-
matic experiences.

482 | Parenting styles impacting the child 
behaviour and oral health

Madhu Bala1; Shalan Kaul2

1Pediatric & Preventive Dentistry, JCD Dental 
College,Sirsa, Sirsa, Haryana, India; 2Pediatric & 
Preventive Dentistry Indira Gandhi Govt.Dental 
College,Jammu, Jammu, Jammu, India

Background: According to AAPD, all children vary in 
their response to dental experience. Parents and caregivers 
teach the kids to deal with aversive situations. It is further 
interesting to study the role of parents in a dental setting. A 
cross- sectional observational descriptive study was planned 
to evaluate the relationship between parenting style, sociode-
mographic data, caries status, and child`s behaviour during 
the first dental visit.
Methods: Total 140 Parents/Caregivers of new patients 
coming to OPD in age group of 3- 6 years completed the 
Parenting Styles and Dimensions Questionnaire (PSDQ) and 
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also a 15- question demographic survey. On the first visit, 
oral prophylaxis and assessment of child behaviour was per-
formed using the Frankel Rating scale (inter- examiner reli-
ability 92%). Then, children were examined for presence of 
dental caries. Statistical analysis was performed using SPSS 
22.0.
Results: Children with authoritative parents exhibited more 
positive behaviour (p 0.001) and less caries (p 0.001) com-
pared to children with authoritarian and permissive parents. 
Children attending school exhibited more dental caries 
and positive behaviour compared to children who did not 
(p  =  0.03). Association of age with dental caries was not 
statistically significant whereas association of age with child 
behaviour was statistically significant.
Conclusions: Authoritative parenting was associated with 
less caries and better behaviour followed by authoritarian and 
permissive styles. School and age also have a definite impact 
on child behaviour.

1482 | Evaluation of child and parent 
characteristics on dental fear ratings in 
children using the children’s fear survey 
schedule: Dental subscale

Olubunmi Bankole1; Omobola Olanloye2; Bamidele 
Popoola1; Adeola Okeigar2; Ibiyemi Oduyemi2

1Department of Child Oral Health,, University of Ibadan, 
Ibadan, Nigeria; 2Department of Child Oral Health,, 
University College Hospital, Ibadan, Nigeria

Background: Dental fear can be challenging among children 
and often results in avoidance of dental treatment and dete-
riorating oral health. Data regarding dental fear in children 
are scarce in Ibadan, Nigeria. The aim of this study was to 
assess children’s fear and compare children’s self- rated fear 
and parent- reported children’s fear.
Methods: This cross- sectional study was conducted among 
206 child- parent pairs visiting the Paediatric Dentistry clinic 
of the University College Hospital Ibadan, Nigeria. Data were 
collected using the Children’s Fear Survey Schedule- Dental 
Subscale (CFSS- DS). Data were analyzed using Students t- 
test, Spearman’s test, and Chi- square test
Results: A total of 206 parent- child dyads participated in 
the study. The mean age of the child and accompanying 
parent was 9.36±3.12 years and 42.08±6.69 years, respec-
tively. Children’s self- reported fear showed that a majority 
of children (77.2%) fell into the low fear category, while 
the parent`s rating showed that (80.6%) had low dental fear. 
The three most feared items reported by the children were 
injections, the sight of a dentist drilling, and the dentist drill-
ing. There were no significant differences in the fear scores 

regarding the ages and gender of the children (p 0.05) with 
both self- rated and parent- rated scores.
Conclusions: Majority of the children had low dental fear. 
Children’s self- rating and parents- rating of their children’s 
dental fear were similar. Children were most afraid of injec-
tions and the dentist drilling. Options of injection and dental 
drill- free dentistry should be explored.

938 | Comparative evaluation of effect 
of two relaxation breathing exercises on 
anxiety during buccal infiltration anaesthesia 
in children aged 6- 12 years: A randomized 
clinical study

Seema Bargale
Pediatric and Preventive Dentistry, K M Shah Dental 
College and Hospital, Sumandeep Vidhyapeth, Vadodara, 
Gujarat, India

Background: The study evaluated dental anxiety using Pin 
Wheel Breathing Exercise and Diaphragmatic Breathing 
Exercise without Pin Wheel during buccal infiltration anes-
thesia in children aged 6- 12 years.
Methods: 60 children in the age group of 6- 12 years with 
Frankel’s behavior rating score of 3 who required buccal 
infiltration local anesthesia were selected. Subjects were 
divided randomly into two groups i.e., Group A: Children 
who performed Pin Wheel Breathing Exercise and Group 
B-  Children who performed Deep breathing exercise with-
out Pin Wheel. The level of anxiety of patients was recorded 
using an animated emoji scale by asking child to choose one 
of the animated emojis on the electronic display (laptop) that 
best matched their feelings at that moment. The data were 
analyzed using IBM SPSS version 20 software with paired 
t- test and chi- square test.
Results: There was significant reduction in dental anxi-
ety score from Score 1 (Before the anesthetic procedure) to 
Score 2 (After the anesthetic procedure) in both the groups. 
On intergroup analysis, children who performed Pin Wheel 
Breathing Exercise (Group A) showed higher values than 
children who performed Deep breathing exercise without 
PinWheel (Group B).
Conclusion: Pinwheel breathing exercise as well as 
Diaphragmatic breathing exercise proved to be significantly 
effective in reducing dental anxiety during local anesthesia. 
Whereas, Pinwheel breathing exercise had shown greater re-
duction in dental anxiety when compared to Diaphragmatic 
breathing exercise.
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1121 | Community health service: 
Internship of French dental students

Anne- Charlotte Bas; Annabelle Tenenbaum; Sylvie 
Azogui- Lévy
Dental Public Health, Faculty of dentistry, Université de 
Paris, Paris, Ile- De- France, France

Background: Since September 2018, the National Health 
Service is mandatory for French healthcare students. This is 6 
full- time weeks dedicated to health promotion and integrated 
into the university curriculum. In our institution, we man-
age 1 year of theoretical courses for 3rd- year students and 
then activities on the field (oral health education sessions: 
OHES). Every student’s group should design their own ac-
tivities (content and tools). OHES began in October 2019. 
We present the results of this first year of fieldwork.
Methods: We worked on the student`s reports. We selected 
reports on OHES with a children`s audience (65%). Reports 
contain quiz and narrative sections. We propose quantitative 
and qualitative analysis according to the part of the report.
Results: 26 working groups (65 students) choose OHES tar-
getting children, from pre- school to high school. The knowl-
edge activities are multiples but quiz and dinette come up very 
often (28 and 22%). Most of the practical activities rely on 
mouth macro models (60%) and teeth brushing (24%). Students 
report progress on communication skills (31%), capacity to 
adapt their language to children (60%), developed team’s work 
(36%), and project management (30%). Student’s satisfaction 
focuses on the feeling of « being useful » (26.5%) and being 
able « to transfer of knowledge to children » (32%). 25% real-
ized the need for dental health information for children.
Conclusions: This first year of OHES shows that dental stu-
dents are both capable to develop and implement health pre-
ventive activities with children. It makes them feel legitimate 
as actors of community dental health.

639 | Function of the family unit, oral 
hygiene rules and attitudes to dental health 
in children during first- wave 2020 COVID- 19 
lockdown

Sigalit Blumer1; Sigalit Blumer1; Nurit Dagon1,2; Benjamin 
Peretz1,3; Tal Ratson1,4; Johnny Kharouba1,5

1Pediatric Dentistry, Tel Aviv University, Tel Aviv, Israel; 
2Pediatric Dentistry, Tel Aviv University, Tel Aviv, Israel; 
3Pediatric Dentistry, Tel Aviv University, Tel Aviv, Israel; 
4Pediatric Dentistry, Tel Aviv University, Tel Aviv, Israel; 
5Pediatric Dentistry, Tel Aviv University, Tel Aviv, Israel

Background: To examine whether general and dental 
health and habits of families were affected by the first- wave 

lockdown due to COVID- 19, and whether these habits were 
related to family functioning, resilience and stress.
Methods: A cross- sectional study using an online survey 
disseminated among families with kindergarten and primary 
school- aged children during the lockdown of March and 
April 2020.
Results: A total of 361 respondents completed the survey. 
Most respondents adapted well to the changes imposed by 
lockdown and reported that they and their children had low 
anxiety levels and high mental resilience. Family functioning 
and behavior were positively correlated with nutrition habits 
and hygiene. General hygiene was positively correlated with 
oral hygiene. Respondents who reported requiring dental 
care had difficulties gaining access to it. Most respondents 
perceived that it is important to improve patients’ digital ac-
cess to pediatricians and dentists during crises.
Conclusions: The study showed that better family function-
ing was associated with better family hygiene and nutrition, 
parental resilience and lower mental stress among children.

1201 | Prevalence of dental fear in children 
between 5 and 14 years old in Medellin, 
Colombia

Juan Cardenas1; Juanita Gomez2; Ruben Manrique1

1Pediatric Dentistry, Universidad Ces, Medellin, Antioquia, 
Colombia; 2Pediatric Dentistry, Private Practice, 
Manizales, Caldas, Colombia

Background: Dental fear (DF) has been associated with den-
tal avoidance leading to an epidemiological impact on the 
oral health of the population, and more specifically in chil-
dren, thus making its diagnosis and management most rel-
evant. The objective of this study was to evaluate dental fear 
(DF) in children in the city of Medellin, Colombia.
Methods: The validated Spanish version of the Dental 
Subscale of the Child Fear Survey Schedule (CFSS- DS) was 
applied to 250 parents of children between 5 and 14 years old 
who attended 18 randomly selected public and private den-
tal clinics in Medellin, Colombia. A statistical analysis was 
completed using the STATA® version 12 software program 
in order to estimate the prevalence of DF as well as the as-
sociated factors.
Results: Overall average DF score was 28.5 (SD 11.4) ac-
cording to the CFSS- DS scale (15- 75) with a score above 
or equal to 32 considered to be indicative of DF; moreover, 
a prevalence of 30.4% in the population was observed. No 
significant differences were observed between DF and age, 
gender, socioeconomic level, age of parents or school grade.
Conclusions: Results indicate that the average DF score was 
low and that the prevalence of DF in Medellín was compa-
rable to those reported in similar studies in other cultures. 
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No differences were observed between possible associated 
factors and dental fear.

712 | Translation and validation of “Dental 
Discomfort Questionnaire” (DDQ) instrument 
into Chilean population

Daniel Carreno1,2; Pilar Morales1; Valentina Nuñez1; Sofía 
Pardo1; Judith Versloot3

1School of Dentistry, Faculty of Medicine, Pontificia 
Universidad Católica de Chile, Santiago, Región 
Metropolitana , Chile; 2Dental Unit, Instituto Nacional 
de Rehabilitación Pedro Aguirre Cerde, Santiago, Región 
Metropolitana, Chile; 3Institute for Better Health, Trillium 
Health Partners, Mississauga, Ontario, Canada

Background: Pain is a subjective perception and children 
often do not have the ability to explain it. In Chile, there are 
no validated instruments that assess dental pain in preschool-
ers. This study aimed to adapt cross –  culturally the existing 
DDQ into the Chilean language and culture.
Methods: A focus group with Pediatric Dentists was con-
ducted to analyze DDQ components. Two independent bilin-
gual translators, whose native language is Chilean Spanish, 
did a conceptual translation of DDQ, which were compared 
to identify differences and reach an agreement to obtain a 
single translation of the instrument. This was back- translated 
into English by native speakers, analyzed and approved by 
research team together with the author of the original DDQ 
and a methodology expert. This final version was tested on 
30 people, using a digital questionnaire. Research team as-
sessed results and comments to set up a final questionnaire.
Results: Participants indicated that the questionnaire items 
were clear and no more than 10 minutes were required to 
respond. They proposed including some new questions.
In general, there was a tendency to answer the option "never", 
so no variability was collected due to the low number of an-
swer options. Reliability (ordinal alpha) was 0.95.
Conclusions: For the DDQ to be applied in the Chilean 
population, it is necessary to reformulate items and response 
options, incorporating questions related to the comments pro-
vided by the parents. A comprehensive adaptation process is 
required to achieve results that allow valid instruments to be 
obtained for the target.
Research project 191029009 funded by ODO- UC 2020.

808 | The effect of multiple adverse 
childhood experiences (ACEs) on oral health in 
children and adolescents: A scoping review

Anchal Chaurasia; Ruth Freeman; Sucharita Nanjappa
Dundee Dental School, University of Dundee, Dundee, UK

Background: This review was conducted to explore the ef-
fect of multiple ACEs on oral health in children (0- 10 years) 
and adolescents (11- 18 years), from the existing literature.
Literature Review: ACEs are defined as, ‘the types of abuse, 
neglect, and other potentially traumatic experiences that oc-
curred to people under the age of 18’. ACEs are associated 
with anxiety, anger, fear and depression. To cope with these 
situations, individuals may use health risk behaviours such as 
smoking, alcohol, overeating, drug abuse or sexual behaviours, 
causing adverse health and social outcomes. As there is little 
evidence on the effect of ACES on oral health, we conducted a 
scoping review. Scoping reviews are more flexible and iterative; 
therefore, we were able to change our research questions and 
search strategy based on the existing evidence. Majority of the 
review studies found graded association between multiple ACEs 
and dental caries. Especially in neglected and abused children 
and adolescents, higher risk of dental caries was observed.
Conclusions: This review and the current evidence suggest 
higher risk of dental caries and other adverse oral outcomes 
in children and adolescents experiencing 2 or more ACEs. 
However, due to the limitations of the review, further inves-
tigation is suggested. A longitudinal study is suggested to 
examine the long- term consequences of ACEs on oral health 
at various stages of life through follow- ups with the partici-
pants. The findings from this review can help us to develop 
better oral health policies and interventions to identify and 
prevent poor oral health caused due to ACEs.

357 | Preference of essential oils among 
children: A cross sectional study

Alekhya Chebrolu; Pooja Bellamkonda; Rekhalakshmi 
Kamatham; Karthik Anchala
Paediatric and Preventive Dentistry, Narayana Dental 
College and Hospital, Nellore, Andhra Pradesh, India

Background: The therapeutic use of essential oils, popularly 
known as aromatherapy, is documented to decrease the den-
tal anxiety in children.
The aim of the present study is to determine the preference of 
essential oils among children and additionally appreciate the 
influence of age and gender.
Methods: A convenience sample of 1000 healthy school 
going children in the age range of 7 to 15 years were recruited 
in to the study. The participants were presented with blotter 



   | 69ABSTRACT

strips dipped in four undiluted essential oils; Sweet orange, 
Lavender, Peppermint, and Spearmint. The preference of all 
the children was recorded. The data were tabulated and ana-
lyzed statistically.
Results: The preference of essential oils was sweet orange 
followed by peppermint, lavender and spearmint. The dif-
ference in the preference of oil among age groups was not 
significant (p = 0.183). However, gender had a statistically 
significant influence, with most girls preferring sweet orange 
and least opting lavender (p = 0.001).
Conclusion: This study demonstrates that children do have 
scent preferences for essential oils and that these preferences 
may vary with gender. It supports the fact that the response to 
essential oils is a complex process affected by multiple vari-
ables including gender, cultural exposure to specific odors, 
and/or individual experiences that create either pleasant or 
unpleasant memory associations

1862 | Application of virtual reality in 
pediatric dentistry: A review of literature

Simran Das; Nilima Thosar
Pediatric and Preventive Dentistry, Sharad Pawar Dental 
College and Hospital, Sawangi (Meghe), Datta Meghe 
Institute of Medical Sciences(Deemed to be University), 
Wardha, Maharashtra, India

Background: Virtual reality refers to “a technology that su-
perimposes a computer- generated image on a user’s view of 
the real world, thus providing a composite view.” Different 
digital technologies are becoming common in the field of 
pediatric dentistry. Virtual reality (VR) is an emerging tech-
nology which can be used to address challenges innovatively.
Literature Review: Distraction is a commonly used non- 
pharmacologic pain management technique. VR helps in 
distracting patients from fears provoked by objects and situ-
ations in a well- controlled, computer- generated virtual en-
vironment until their fears and anxieties disappear. These 
benefits may be related to more immersive images due to the 
occlusive headsets that project the images right in front of 
the eyes of the user and block out real- world stimuli. The 
child`s attention is focused on what happens in the virtual 
world rather than on the surrounding environment. The appli-
cation of VR distraction is based on the assumption that pain 
perception has a large psychological component and that pain 
attracts a strong attentive response causing anxiety.
Conclusion: The findings of various studies confirm the ef-
ficacy of VR distraction in the dental setting. It has a positive 
effect on pain, anxiety and behaviour due to a combination of 
the audio, visual and kinaesthetic sensory modalities in VR. It 
also reduces operatory stress on the pediatric dentist. Hence, 
this technique can be utilized in routine pediatric practice as 
an adjunct to other behaviour management techniques.

774 | Impact of COVID- 19 pandemic on 
behavior management strategies in paediatric 
dentistry

Parag Dhake; Devendra Nagpal; Sargam Sortey
Department of Pediatric and Preventive Dentistry, 
VSPMs Dental College and Research Centre, Nagpur, 
Maharashtra, India

Background: COVID- 19 pandemic has caused difficulty in 
management of patients in every healthcare unit so behav-
iour management techniques won’t be exception for it. Many 
changes are in queue to strategize the use of behaviour man-
agement techniques effectively.
Methods: A validated close- ended questionnaire consisted 
of 26 questions was prepared on behavior management of 
children and paediatric practice before the COVID- 19 pan-
demic and after release of lockdown and then sent to paedi-
atric dentists in India. Their data of responses were collected. 
The data were then entered in an excel spreadsheet and statis-
tically analysed to draw inferences.
Results: There was no significant difference observed for the 
use of behavior management strategies before the COVID- 19 
pandemic and after release of lockdown. Previously, only 
non- pharmacological behaviour techniques were preferred 
but after the release of lockdown pharmacological techniques 
are also being preferred along with nonpharmacological tech-
niques by paediatric dentists in India. The use of modeling 
as behavior management technique has been increased after 
release of lockdown.
Conclusions: The potential of use of behavior management 
strategies has been changed because of the COVID- 19 pan-
demic for decreasing the risk of cross- infection. Along with 
this, children’s coping skills with paediatric dentists wear-
ing personal protective equipment (PPEs) have also been af-
fected. Paediatric dentist should make himself a compatible 
candidate for use of the behavior management strategies for 
better treatment plan in the pandemics like the COVID- 19 
pandemic.

442 | Does your child patient accept your 
new look and practicality of using behaviour 
modification techniques in COVID times?

Sana Farooq; Nazia Lone
Pedodontics and Preventive Dentistry, Government Dental 
College and Hospital, Srinagar, Jammu and Kashmir, India

Background: The coronavirus has challenged health care 
professionals and dental professionals play a pivotal role in 
preventing transmission of COVID- 19.This study aimed to 
evaluate knowledge, attitude, skills, preparedness of pediat-
ric dentist in managing a pediatric case in COVID times.
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Methods: A cross- sectional questionnaire survey was con-
ducted in September 2020 on 52 pediatric dentist in India 
to assess their knowledge, awareness and skills. Data were 
subjected to appropriate statistical measures and analyzed.
Result: 52 dentists 23.08% were having an experience of 3 
years and more. 100% of pediatric dentist were aware that its 
pre requisite to screen the patients and attendants for tem-
perature and use of pre procedural 1% hydrogen peroxide is 
mandatory.80.77% suggested using childs favourite coloured 
PPE and animated masks and face shield to reduce proce-
dural anxiety.92.31% agreed preferring Halls technique, la-
sers, remineralizing agents and silver diamine fluoride rather 
than drilling in multiple carious lesions.
Conclusion: A knowledgable pedodontist should follow lat-
est guidelines in managing children in dental operatory as 
behaviour modification technique are hampered due to use of 
PPE in cases requiring urgent dental care.

562 | Ions that anesthetize

Shobha Fernandes; Yash Bafna; Dharthi Patel; Charmi Patel
Pediatric and Preventive Dentistry, Narsinhbhai Patel 
Dental College And Hospital, Visnagar, Gujarat, India

Background: Aim was to compare and assess the efficacy 
of deep Topical Anesthesia [with 15% Lidocaine spray] in-
fused via Iontophoresis and Local Anesthesia [Infiltration 
of 2% Lignocaine solution] for dental procedures among 
4- 12year- old patients.
Methods: A Randomized Clinical Trial with sample size of 
110 primary teeth among patients of 4– 12years age group. 
The subjects were randomly divided into 2 groups. In the First 
group, topical anesthesia was achieved by 15% Lignocaine 
HCL topical spray applied by Iontophoresis and second Local 
infiltration of 2% Lignocaine solution, where the procedure for 
extraction and pulpectomy of primary teeth were performed. 
Digital Iontophoresis unit with indicator for intensity and du-
ration of application was utilized. Subjective assessment was 
performed immediately after anesthesia with WBFPRS.
Results: Study established that mean value of current inten-
sity was 9.43 + 0.95 for Extraction procedure and duration 
of application was 1.85 + 0.80. For Pulpectomy procedure, 
mean value of current intensity was 9.07 + 1.34 and dura-
tion of application mean value at 2.40 + 0.74. In Intergroup 
comparison of WBFPRS, scores were lower in Iontophoresis 
group (1.96 ± 1.64) compared to Local Anesthetic group 
(3.62 ± 1.11) which was statistically highly significant with 
a p value of 0.001.
Conclusions: Iontophoresis as noninvasive technique 
for topical anesthesia was more acceptable over the Local 
Infiltration among the pediatric patients.

1434 | Vibrate and inject: Diminished pain 
local anesthesia delivery

Mythreyi Gudipati; Sharada Reddy J.
Department of Pedodontics and Preventive Dentistry, 
Government Dental College and Hospital, Hyderabad, 
Telangana, India

Background: Pain is an unpleasant sensory or emotional ex-
perience. The administration of local anesthesia (LA) is the 
key to controlling pain during dental procedures. Effective 
pain control during LA administration in pediatric patients is 
the foundation of successful behaviour management.
Literature review: Gate control theory explains the altera-
tion of pain perception through counter pressure applications. 
Methods like vibration stimulate A- beta fibres carrying non- 
noxious motion signals and block the conduction of A- delta 
fibres carrying acute pain signals which are triggered by LA 
injection.
Conclusion: Vibration as a counter- stimulatory method on 
subjective pain (pain perception) reduces pain reaction dur-
ing LA administration and thus gains child’s cooperation.

1747 | Music distraction: A contrivance 
juxtapose to non pharmacological behaviour 
guidance techniques: A review of literature

Niraj S. Gokhale; Shivayogi M. Hugar; Vidyavathi H. Patil
Pediatric and Preventive Dentistry, Kaher's Kle Vk 
Institute of Dental Sciences, Belagavi, Karnataka, India

Background: Behaviour Guidance forms the mainstay 
of successful treatment to pediatric dental patients. Due to 
the changing trend where the use of aversive techniques of 
behaviour guidance is not acceptable to the parents, Music 
Distraction becomes a useful non pharmacological means of 
behaviour guidance that can help in providing effective be-
haviour guidance for children undergoing dental treatment.
Literature Review: The use of music distraction can be a 
useful tool in pediatric dentistry to provide effective dental 
treatment in children. Music is shown to increase the release 
of Dopamine which is a feel good chemical that can allay and 
soothe the anxious mind also music can be utilized to regulate 
mood. Because of its rhythmic and repetitive aspects, music 
engages the cortex of our brain, which calms us and reduces 
impulsivity Literature review has shown that music can have 
a soothing effect on the children and also help in reducing 
the anxiety of the child. Many authors have used music in 
various forms like nursery rhymes, the music of child’s pref-
erence, film songs (Hollywood/ Bollywood), folk music etc 
and have shown promising results.
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Conclusions: The literature review carried out concluded 
that music distraction is a tangible and cost effective method 
of behaviour guidance that can be used by pediatric dentist to 
provide effective dental treatment to children.

1799 | Oral self- mutilation in children

Marilia Gomes; Marilia Goulardins Gomes; Andiara De 
Rossi; Ana Paula Dias Moreno; Fernanda Souza Liévana; 
Letícia Santana Fernandes
Disciplina De Odontopediatria, Faculdade De Odontologia 
De Ribeirao Preto, Ribeirao Preto, Sao Paulo, Brazil

Introduction: Self- mutilation is defined as a form of de-
struction or tissue damage intentionally caused in the body, 
which can affect any individual and requires the attention 
of the pediatric dentist for its identification and diagnosis 
(Hildebrand et al., 2011; Limeres et al., 2013).
Case report: This work presents three clinical cases of chil-
dren without syndromes or diseases, attended at the Pediatric 
Dentistry Clinic of the Ribeirão Preto School of Dentistry, 
who presented self- mutilating behavior: Case 1: Male patient, 
6 years and 4 months old, practices onychophagy, object bit-
ing and self- mutilation, biting the cuticles around the nails; 
Case 2: Male patient, 7 years and 2 months old, the presence 
of unilateral lesion in the free gingiva adjacent to the buc-
cal surface of tooth 54, caused by scratching was observed; 
Case 3: Female patient, 9 years old, the patient tightened the 
mucosa of the lower lip and the mucosa of the cheek with her 
fingers, causing injuries and bleeding.
Discussion: The diagnosis of this condition is complex and 
becomes a challenge for health professionals due to the nu-
merous clinical presentations of oral lesions. A differential 
diagnosis is necessary to classify an injury as self- mutilation 
(Hildebrand et al., 2011; Limeres et al., 2013; Cannavale 
et al., 2015; Stoica et al., 2020).
Conclusion: Health professionals should be aware of signs of 
self- mutilation in their patients. Treatment strategies are indi-
vidual and require the attention of a multidisciplinary team.

1144 | Development of an evaluation form 
for the assessment of the best therapeutic 
process in paediatric dentistry: A pilot study

Marco Gravante1; Tiziana Cantile1; Aniello Ingenito1; Silvia 
Caruso3; Marco Severino3,
Roberto Gatto3; Gianmaria Fabrizio Ferrazzano1,2

1Department of Neuroscience, Reproductive and Oral 
Sciences, School of Paediatric Dentistry, University of 
Naples “Federico II”, Naples, Italy; 2UNESCO Chair on 
Health Education and Sustainable Development, Paediatric 
Dentistry Section, University of Naples “Federico II", 
Naples, Italy; 3Department of Life, Health and Environmental 
Sciences, University of L’Aquila, L'Aquila, Italy

Background: In paediatric dentistry, there is a lack of stud-
ies focusing on predicting the most suitable therapeutic pro-
cess after the first dental visit. The aim of the study was to 
develop an objective evaluation form, based on three indexes 
(psychological index, family support index, dental therapies 
complexity index), able to identify, from the first dental visit, 
the best therapeutic process for each child (outpatient proce-
dure, inhalation conscious procedure, pharmacological seda-
tion, general anaesthesia).
Methods: A total of 30 children underwent a first dental 
visit. One dentist carried out the visit, chose the best thera-
peutic process, without the aid of the evaluation form, and 
scheduled dental therapies, while the other one observed the 
dental visit and filled in the evaluation form. After dental 
treatments, the value obtained from the evaluation form was 
compared with the therapeutic procedure actually carried 
out to observe if there was a concordance, assessed through 
Cohen`s Kappa. Finally, Fisher test was performed for the 
statistical analysis.
Results: The overall concordance between the results ob-
tained from the evaluation form and the therapeutic proce-
dure actually carried out turned out to be 73.30%. Within the 
indexes, a statistically significant association was detected 
between the family support index and the psychological 
index (p = 0.02), but not between dental therapies complex-
ity index and both family support index (p = 0.30) and psy-
chological index (p = 0.63), respectively.
Conclusions: The evaluation form was able to help clini-
cians to better direct the child towards the most appropriate 
therapeutic dental process.
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1496 | Say no to pain, and save time!! Use 
of chemomechanical caries removal agent or 
smart burs

Pranjali Gunjal; Rashmi Singh Chauhan
Pediatric Dentistry, Dr.d.y.patil Dental College and 
Hospital, Pune, Maharashtra , India

Background: The study evaluated the pain reaction and 
the time taken for caries excavation with newer chemo- 
mechanical agent (Brix 3000) and smart burs (SS White pol-
ymer burs) in deciduous molars.
Methods: The selection of patients was done according to 
inclusion criteria and the selected patients were randomly 
chosen for one of the two procedures, i.e., Group A-  chemo- 
mechanical agent (Brix 3000) OR Group B-  smart burs (SS 
White polymer burs). Application of Brix 3000 and use of 
burs was done according to the manufacturer’s instruction. 
The pain reaction of the child was recorded by a constant 
observer with help of SEM scale during the procedure, and 
the total time taken for both the procedures was monitored 
with timer.
Results: The results were calculated using Mann- Whitney U 
test, with significant difference seen between group A and 
B. Group A (Brix 3000) showed superior results compared 
to group B (Smart burs) with Brix 3000 taking less time and 
showing minimal pain reaction.
Conclusions: We can conclude that the newer chemome-
chanical agent (Brix 3000) can be an effective alternative to 
other minimally invasive techniques.

1718 | Evaluation of the effectiveness of 
dietary counseling in preschool children, in 
relation to caries and consumption of a healthy 
diet

Eugenia Henriquez- D'Aquino; Sonia Echeverria- Lopez; 
Sandra Rojas- Flores
Pediatric Dentistry, University of Chile, Santiago- Chile, 
Chile

Background: A dietary counseling in preschool children al-
lows us to see the feeding problems and work as a team with 
parents to solve the situation to prevent or stop not only car-
ies lesions but other diseases related to dietary consumption. 
Therefore, the aim of this study was to assess the efficacy 
of dietary counseling in children with early childhood caries 
(ECC).
Methods: The sample consisted of 113 preschool children 
with early childhood caries attended at the Pediatric Dentistry 
Clinic of the University of Chile. A diet diary was requested 
to evaluate the food consumed during one week; the children 

studied were grouped according to their initial weight in: un-
derweight, normal weight, overweight and obesity. The die-
tary counseling focused not only on dietary advice in relation 
to caries, but also in relation to a healthier diet, to reduce the 
intake of sugars, carbohydrates and foods rich in fat, indicat-
ing a balanced diet, based on the four food groups.
Results: The results showed that there were changes in the 
weight of the children studied. It was observed that 25% of 
the children presented positive changes in relation to the ini-
tial weight, extreme values   of underweight and overweight 
had improved their state migrating towards normality. 
Statistical analysis showed a significant difference with re-
spect to weight distribution in the study sample (p 0.0167).
Conclusions: The results showed that dietary counseling can 
be favorable for the children not only for the prevention of 
caries, but also to maintain and regulate their weight, deter-
mining healthier values.

1967 | Effectiveness of teleadaptation on 
pediatric patient return during COVID- 19 
pandemic

Mariella Izquierdo1; Susana Loayza2; Ebingen 
Villavicencio3

1Member, Ecuadorian Association of Pediatric Dentistry, 
Guayaquil, Guayas, Ecuador; 2Ecuadorian Association 
of Pediatric Dentistry, Ecuador; 3Faculty of Dentistry, 
Cuenca Catholic University, Azuay, Cuenca, Ecuador

Background: Teleadaptation arised to adapt the pediatric pa-
tient to the safe return to the dental office and to achieve posi-
tive behavior during dental treatment in response to physical 
and dental environment restrictions imposed by COVID- 19 
pandemic. The pediatric patient is the "bi- unit" guardian/
child we considered at the time we established assertive 
styles of communication according to each one in order to 
favor their adaptation to a safe physical and mental return.
Methods: To evaluate the effectiveness of this protocol on 
pediatric patients return who were undergoing Functional 
Orthopedics, Rehabilitation and Prevention treatments 
started before the pandemic, a descriptive study was carried 
out with a sample of 74 patients between 4 and 21 years of 
age of both genders taking into account a Frankl scale before 
pandemic and after return. We applied two styles of commu-
nication, one for guardians and another one for children that 
consisted in detailed written digital content sent during and 
after lockdown and videoconference to the guardians prior 
opening, pre- filmed playful videos for each dental procedure 
that were watched by children prior to each kind of treatment 
as a complement to behavior management techniques and 
colorful textiles/barriers/signs as a main tool of non- verbal 
communication.
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Results: 95.95% effectiveness was obtained in the return of 
patients, and 96.9% of the children showed positive behav-
iour after treatment according to Frankl scale.
Conclusion: Teleadaptation acted positively to adapt the 
pediatric patients to a safe return to the dental office, to 
achieve positive behavior during treatments and to follow 
them on a regular basis in this unstable current pandemic.

255 | Dental phobia among the Kenyan 
Asian population

Imran Jagani1; Nicholas Gichu2; Loice Gathece1

1Department of Community and Preventive Dentistry, 
University of Nairobi School of Dental Sciences, Nairobi, 
Keny; 2Department of Paediatric Dentistry, Gertrude’s 
Children’s Hospital, Nairobi, Kenya

Background: The study investigated dental phobia among 
the Kenyan Asian population.
Methods: A descriptive cross- sectional study was carried 
out at a community- based center, the Jaffery Islamic Centre, 
Nairobi. A total of 79 Kenyan residents of Asian descent 
were interviewed using a self- administered questionnaire 
(open- ended and close- ended questions). Dental anxiety was 
measured using the Modified Dental Anxiety Scale.
Results: 40(50.6%) of the participants were females, and 
39(49.4%) were males. Most of the participants belonged 
to the 18- 35 years age category 51(64.56%). The major-
ity 71(89.9%) had been to a dentist before, most 25(35.2%) 
having visited for fillings or root canal treatment. The pro-
cedure associated with the most discomfort was fillings and 
RCT 29(40.8%) followed by extraction of teeth 22(30.99%). 
Administration of injection was found to be the major source 
of anxiety 45(16.4%). 16(20.25%) had previously missed a 
dental appointment. The prevalence of dental phobia was 
16.46%, females reporting a higher incidence 9(22.5%) than 
males 4(10.3%). The highest prevalence was found in 18- 34 
years (76.92%). 5(31.3%) who had missed an appointment 
were dental phobics (p = 0.045).
Conclusion: The prevalence of dental phobia amongst the 
Kenyan Asian population was 16.46%. Age was inversely 
proportional with dental phobia, and females had a higher 
prevalence of dental anxiety; however, this was statistically 
insignificant. The most common source of anxiety was asso-
ciated with administering an injection. The study showed that 
dental phobia led to missing dental appointments and this re-
lationship was found to be statistically significant (p = 0.045), 
suggesting that dental phobia led to avoidance of dental visits.

698 | Assessment of preferred cartoon 
character for dentist attire and its effect on 
dental fear in pediatric patients

Samrudhi Khondalay; Gagandeep Lamba; Ketaki Gudadhe
Department of Pediatric and Preventive Dentistry, 
VSPM Dental College and Research Centre, Nagpur, 
Maharashtra, India

Background: The aim of the study is to evaluate the prefer-
ence of cartoons for dentist attire and to assess its effect on 
dental fear in pediatric patients using Children’s Fear Survey 
Schedule- Dental Subscale (CFSS- DS).
Methods: Children in the age group of 5- 7 years were se-
lected based on the inclusion and exclusion criteria and were 
divided into three groups with 30 children in each group. 
Parental consent was taken prior to the study. A pre- survey 
questionnaire was given to assess the preference of cartoons. 
Clinical examination and oral prophylaxis were done wear-
ing the attire with selected cartoons printed on it. Dental fear 
was assessed using CFSS- DS.
Results: On comparison of fear score, white apron had sta-
tistically significant higher fear score as compared to cartoon 
printed apron and without apron, respectively (p 0.05). But, 
no statistical significant difference was found in relation to 
fear score on comparison between cartoon apron and without 
apron (p 0.05). Highest fear score was found in white apron 
followed by without apron and least in cartoon apron.
Conclusions: Use of child friendly attires could be useful in 
fearful children for better practice management. It can help 
in establishing a good relationship with children during their 
treatment. This study helps pediatric dentists to choose child 
friendly attire that are better received by childrens.

1545 | Thaumaturgic aids for behaviour 
management in pediatric dentistry

Payal Kothari; Meenakshi Nankar
Department of Pedodontics and Preventive Dentistry, 
Dr. D. Y. Patil Dental College and Hospital, Pune, 
Maharashtra, India

Background: A young child’s emotional and behavioural 
response to dental treatment is a matter of serious concern 
to paediatric dentists and researchers as it may impede the 
efficient delivery of dental care. If not adequately resolved, a 
persistent negative response pattern may emerge. Hence, it is 
very important for paediatric dentists to know about the old 
as well as new techniques of behaviour management.
Literature Review: American Academy of Paediatric 
Dentistry has described basic behaviour guidance techniques 
such as communication, tell show do, positive reinforcement 
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and Distraction techniques like audiovisual aids. A new tech-
nique i.e. Thaumaturgy has become popular nowadays. It is 
a tool that distracts and relaxes the child by using and helps 
the dentist to perform necessary treatment. It is also known 
as magic trick. It not only relaxes the child but also build a 
friendly rapport between the child and dentist. Specific magic 
tricks seem to be effective in specific age group.
Conclusions: Thaumaturgy plays important role in shap-
ing the behaviour of a child in paediatric dentistry. The age 
and cognitive development of child dictates the technique 
to be used. It can be used as an alternative to visual aids as 
nowadays, children are already exposed to increased screen 
time due to restrictions on outdoor activities and ‘online’ 
schooling.

1091 | Comparative evaluation of low level 
laser therapy and acupressure in controlling 
gag reflex during dental procedures in 
children: An experimental study

Paloni Koticha; Vamsikrishna Chimata
Pediatric and Preventive Dentistry, Terna Dental College, 
Mumbai, Maharashtra, India

Background: Comparative evaluation of Low Level Laser 
Therapy (LLLT) and in combination with acupressure in 
controlling gag reflex in children undergoing impression 
making procedure.
Methods: A total of 90 children (10.1 + 2.6) years were di-
vided into three groups depending upon the strategies used. 
Group A received LLLT whereas group B received LLLT 
with acupressure and group C was placebo group. Each 
patient underwent two impressions to record GSI and GPI 
scores for all groups.
Results: Mean values of GSI and GPI scores for each group 
were calculated at three different stages. The mean values 
revealed least gagging with LLLT as compared to LLLT with 
acupressure and placebo group at stage 1 (p- 0.001) and stage 
3 (p- 0.000) which was statistically significant. Mean values 
of GPI score were less than GSI score at all three stages for 
all the groups except for stage 1 in group C, which was not 
statistically significant.
Conclusions: LLLT and in combination with acupressure 
was effective in controlling gag reflex in comparison with 
acupressure in children undergoing impression making 
procedure.

1741 | Adaptation and emotional support: 
Keys for the treatment of the patient who 
suffers bullying: A case report

Teresita Lira; Javiera Estibill; María Teresa Beaumont; 
Andrea Ormeño; Roxana Cabezas
Postgraduate Program in Pediatric Dentistry, Faculty of 
Dentistry, Universidad De Los Andes, Santiago, Chile

Introduction: Children frequently come to dental office with 
bad experiences in their daily environment and consequently 
in the dental chair, making their attention difficult. The WHO 
reports 15% of the population that has fear of the dentist due 
to negative experiences during childhood. The pediatric den-
tist plays an important role in the development of strategies 
that allow patients to receive multidisciplinary treatment 
under appropriate behavior.
Case Report: Patient 6 years 2 months, Frankl 3. First phase 
mixed dentition, o.c.o.d 7, generalized gingivitis induced by 
dental biofilm, inactive fistula 5.5, multiple caries, premature 
loss 6.4. Bottle sucking, lingual interposition and alteration 
in phonemes.
School bullying.
Treatment focused on developing preventive stages together 
with a dedicated adaptation, allows successful rehabilitation 
and multidisciplinary intervention with orthodontics, speech 
therapy and psychology.
Discussion: A patient who suffers from school bullying de-
velops low adherence to dental care, presenting little capacity 
for cooperation, distrust and bad personal perception, generat-
ing the necessity to consult only in case of pain. An adequate 
treatment plan responds to all the health needs of the patient; 
focusing not only on rehabilitation, but also on adaptation, 
functional alterations and biopsychosocial problems through 
a multidisciplinary team that supports and accompanies.
Conclusion: A comprehensive treatment needs collaboration 
of both pediatric patient and family. Due to this, it is essen-
tial as dentists to establish a relationship of trust and support 
with the patient, improving not only the behavior of pediatric 
patients in dental office, but also favoring their daily relation-
ship with others.
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1417 | Evaluation of therapy assisted by 
dogs in the control of children s anxiety in 
dental treatment

Sérgio Luiz Pinheiro; Ayra Martins; Fernanda Geovana 
Lopes Fernandes; Franciele Bartolomeu de Moraes; Isabela 
Ferreira Feitoza; Monique Rafaela Oliveira
Department of Pediatric Dentistry, PUC- Campinas, 
Campinas, SP/Brasil, Brazil

Introduction: Children usually have anxiety in varying 
degrees during dental care, creating obstacles to good and 
suitable treatment. The main aim of this case report was to 
evaluate the applicability of therapy assisted by dogs to con-
trol anxiety during dental care.
Case report: Four children were divided into two groups CT 
(n = 2): children attended by usual methods in a children’s 
dental clinic and TAC (n = 2): children that were in contact 
with a therapist dog, first in reception and then inside the 
dental room. The therapist dog stayed with the child and next 
to the child’s chair during the proceedings. To evaluate anxi-
ety, heart frequency and Corah’s Scale were used. The results 
were analyzed in Programa Biostat 5.0. The heart frequencies 
were submitted to the ANOVA test, with a level of signifi-
cance of 5%.
Discussion: There was a reduction of heart frequency after 
treatment in the group that used the dog (p  =  0.0388). In 
the Control Group, there was an increase in heart rate. After 
Corah’s Scale was applied, a reduction of anxiety levels was 
observed with the Therapy Assisted by Dogs, but there was 
increased anxiety in the Control Group.
Conclusions: It is possible to conclude that the Therapy 
Assisted by Dogs can be an alternative for the reduction of 
anxiety during children’s dental care.

1133 | Assessment of dental anxiety levels in 
children treated with conventional composites 
versus Colored Compomers

Andrea Natalia Mascarenhas; Pallavi Urs G. K.; Priya 
Nagar; Chandana Krishna Shree C. H.; Pooja H. R., Richa 
Lakhotia
Department of Pediatric and Preventive Dentistry, 
Krishnadevaraya College of Dental Sciences and Hospital, 
Bangalore, Karnataka, India

Background: Colored “Compomers” for children are avail-
able in various colors which permits the child a sense of 
control to choose the color of their choice thus reducing 
disruptive behavior and enhance a positive attitude during 
dental treatment. The aim of this study is to evaluate and as-
sess the dental anxiety levels in children receiving restorative 

treatment with multicolored compomers compared with 
those receiving traditional composite.
Methods: A total of 30 children aged 5 to 12 years with 
occlusal caries in the deciduous or permanent posteri-
ors were selected and randomly allocated based on their 
choice of restorative material into 3 groups of (a) those re-
ceiving Conventional Composites (b) those receiving Blue 
Compomers and (c) those receiving Pink Compomers. The 
dental behavior was assessed using the Frankl behavior rat-
ing scale for all the groups. Dental anxiety was measured for 
all participants using the Venham Picture Test before and 
after the treatment procedure. The results obtained were then 
subjected to statistical analysis.
Results: The children who chose multicolored compomers 
showed a higher reduction in anxiety levels when compared 
to those who chose conventional composite. Blue compomer 
was much preferred in males whereas majority of the female 
children opted for the pink compomer. The children who pre-
ferred conventional composite over the multicolored com-
pomers were significantly lesser.
Conclusions: Clinicians could use multicoloured compom-
ers in the pediatric population which could provide a poten-
tial advantage to aid in enhancing their positive behavior in 
the dental operatory.

1757 | Pre- emptive analgesia to reduce post- 
operative pain in primary tooth extraction

Priya Mendiratta1; Ila Srinivasan2; Jyothsna Setty2

1Pediatric and Preventive Dentistry, Sudha Rustagi College 
of Dental Sciences and Research, Faridabad, Haryana, 
India; 2Pediatric and Preventive Dentistry, M.r Ambedkar 
Dental College and Hospital, Bengaluru, Karnataka, India

Background: This prospective, placebo- controlled, ran-
domized, double- blind trial was planned to compare the 
efficacy of the pre- emptive administration of ibuprofen, par-
acetamol, ibuprofen paracetamol combination and placebo in 
reducing post- extraction pain in children.
Methods: Seventy two children, aged between 6– 12 years, 
who needed primary molar tooth extractions were treated in 
paediatric dental clinics, with treatment preceded by local an-
aesthesia and analgesic drugs given during the preoperative 
period. A five- face scale was used to evaluate pain reaction 
during injection, extraction, and postoperative period. Self- 
report scores were recorded when local anaesthesia was admin-
istered in soft tissues, and before and after the primary tooth 
extraction was completed. Statistical analysis was done using 
SPSS (Statistical package for social science) Inc 21. Normality 
was assessed using Shapiro Wilk test. Depending on which all 
variables followed normal distribution, bivariate analysis was 
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done using parametric and nonparametric tests like ANOVA, 
Kruskal– Wallis, chi- square and Mann- Whitney tests
Results: The use of pre- emptive analgesics showed lower 
scores of pain compared to the placebo. These findings were 
irrespective of age, weight, gender of the child, and the num-
ber of teeth extracted in the study groups. Additionally, ibu-
profen paracetamol combination drug group exhibited lower 
pain scores (p 0.05) compared to ibuprofen and paracetamol 
drug groups when used separately.
Conclusions: Preoperative use of ibuprofen and paracetamol 
combination and ibuprofen alone may provide a better pre- 
emptive analgesic effect as compared to paracetamol alone in 
paediatric patients for the primary tooth extraction.

619 | Reliability of different pain scales used 
for assessment of dental pain in children using 
mobile application: A pilot study

Priya Nagarwal; Vivek Rana; Nikhil Srivastava; Noopur 
Kaushik
Department of Pediatric and Preventive Dentistry, Swami 
Vivekananda Subharti University, Meerut, Uttar Pradesh, 
India

Background: The study has been aimed to evaluate and 
compare the reliability of different pain assessment scales 
namely, Wong Baker Facial Pain Rating Scale, EMOJI Pain 
Scale and indigenously made GIF Pain Scale in children aged 
4- 6 years.
Methods: The pilot study included 13 children aged 4- 6 
years with a Frankl Behaviour Rating of score 3(positive) re-
quiring dental treatment under local anesthesia. After infiltra-
tion local anesthesia, each child along with two independent 
observers were asked to mark the response of current pain on 
Wong Baker Facial Pain Rating Scale, EMOJI Pain Scale and 
GIF Pain Scale. Reliability of the pain scales was assessed 
based on similar responses given by all three individuals. 
Reliability analysis was done using Cronbach’s Alpha value.
Results: GIF pain scale was most reliable followed by Wong 
Baker’s Facial Pain Rating Scale and Emoji Pain Scale, 
respectively.
Conclusions: GIF pain scale can be successfully used in reg-
ular clinical practice for the assessment of pain in children as 
they can easily relate to the emotions portrayed through ani-
mations. The study with a larger sample size is still going on.

1985 | Breastfeeding duration among babies 
under two years of age born at the University 
Hospital of Brasília, Brazil

Thalita Natalia Nogueira Pinto; Winnie Nascimento Silva 
Alves; Eliana Mitsue Takeshita
Department of Dentistry, University of Brasília, Brasília, 
Distrito Federal, Brazil

Background: The World Health Organization (WHO) rec-
ommends exclusive breastfeeding until 6 months of age and 
its maintenance for up to 24 months or more since it pro-
motes numerous benefits. The aim of the study is to evalu-
ate the duration of breastfeeding until 2- year- old of babies in 
Brasília, Brazil.
Methods: Data were collected from a cohort study of ba-
bies that was born from August 2017 to July 2018 at the 
University Hospital of Brasília. During the 2- year follow- up 
appointment, a questionnaire about breastfeeding informa-
tion was applied to the parents. Data were tabulated, and a 
descriptive statistical analysis was performed.
Results: Of the 130 babies evaluated, the mean age (± SD) 
was 24.18 (± 0.61) months and 50.8% were girls. The prev-
alence of exclusive breastfeeding for the first 6 months of 
age was 47.6%. The average of total breastfeeding duration 
(± SD) was 16.62 (± 8.31) months. In 28.4% of the babies, 
the weaning happens before completing the first year of life 
and only 36.1% of the babies continue to be breastfed until 
2- years- old. Reasons for winning reported by the mothers 
were lack of support and appropriate information (53.1%).
Conclusion: The prevalence and the average of breastfeed-
ing were low; it is important to reinforce the role of the health 
professional in guiding and supporting breastfeeding.

1470 | Paradigm shift in behaviour guidance 
techniques: In autism spectrum disease

Sunanda Nath; Shruti B. Patil; Vijay Trasad
Department of Pediatric and Preventive Dentistry, Shri 
Dharmasthala Manjunatheshwara College of Dental 
Sciences and Hospital, A Constituent Unit of Shri 
Dharmasthala Manjunatheshwara University, Dharwad, 
Karnataka, India

Background: Behavior guidance techniques aim at alleviat-
ing anxiety, nurturing a positive dental attitude and perform-
ing oral health care efficiently. Innovations in behaviour 
guidance techniques facilitate a personalized treatment ap-
proach for patients with autism spectrum disease.
Literature review: Behavior guidance of patients requires 
a thorough knowledge of the individual’s behaviour pro-
file. Many newer behaviour guidance techniques have been 
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introduced, such as sensory adapted dental environment, 
animal assisted therapy, picture exchange communication 
systems, applied behaviour analysis, memory restructuring, 
non- verbal communication, desensitizing to dental settings, 
analytical behavior treatment, and many others that are more 
apt for patients with limited verbal communication skills.
Conclusions: This review highlights the newer behaviour 
guidance techniques in order to acquaint health care provid-
ers with these techniques and aid them in clinical decision 
making.

365 | Effectiveness of child- centered 
distraction in the management of a child’s 
dental anxiety during invasive dental 
procedures

Kondra Niveditha; Sahithi Varada; Sivakumar Nuvvula
Pediatric and Preventive Dentistry, Narayana Dental 
College and Hospital, Nellore, Andhra Pradesh, India

Background: The study evaluated the efficacy of child- 
centered distraction (CCD) in alleviating dental anxiety 
in children using three techniques during invasive dental 
procedures.
Methods: After obtaining Institutional Ethical Committee 
approval, sixty children (40 boys and 20 girls), aged 7 to 11 
years, were randomly allocated into three groups: Group1-  
Mobile video games (VG), Group 2-  Virtual reality (VR), 
and Group 3-  Mobile cartoons (MC), respectively, during the 
treatment sessions. The anxiety of the children was assessed 
using physiologic measure (heart rate) at three different time 
points, i.e., before, during, and after the procedure, whereas 
RMS pictorial scale was employed as a subjective measure 
before and after the procedure. Kruskal- Wallis ANOVA 
and Wilcoxon Sign Rank test were used to analyze the RMS 
Scores, and repeated measures of ANOVA were used to test 
the mean difference of pulse rates.
Results: On intergroup comparison, there was no statistical 
difference among the three groups before commencing the 
treatment (p- value ≤ 0.001). But, a statistical difference in 
all the groups (p- value ≤ 0.001) was evident after institut-
ing the distraction techniques. Amongst all the three groups, 
a significant reduction in anxiety scores was elicited by the 
children in group 1.
Conclusion: This study has attempted to enhance the sali-
ence of distraction techniques in tumbling a child’s dental 
anxiety. Involving the child in decision- making while using 
distraction techniques has a foremost impetus in most chil-
dren, instilling a new positive attitude towards the dental 
procedures.

354 | Impact of parental presence at 
chairside on children’s behaviour during 
dental visits

Sivakumar Nuvvula1; Sravani Ega1; Sreekanth Kumar 
Mallineni1,2

1Paediatric and Preventive Dentistry, Narayana Dental 
College and Hospital, Nellore, Andhra Pradesh, India; 
2Department of Preventive Dental Science, College of 
Dentistry, Majmaah University, Al- Majmaah, Riyadh, 
Saudi Arabia

Background: This study examined the impact of parental 
presence at the chairside on children’s behaviour during den-
tal visits.
Methods: This quasi- experimental study involved an age- 
matched sample of children assigned to dental care with 
parent present chairside (test group) or without parent pre-
sent chairside (control group) during the first dental visit. 
Children`s behaviour was rated by a masked trained asses-
sor via the Sarnat Behaviour Scale (SBS) on a 5- point Likert 
scale and the FLACC Behavioural Discomfort/Pain Scale 
(possible range of score 0- 10). Furthermore, children pulse 
rate was monitored, and children rated their dental anxiety 
by the Vernham Picture Test (VPT). The age and gender of 
the child were recorded, as was the type of dental treatment.
Results: Assessments were conducted at 260 dental vis-
its (130 test and 130 control appointments. The mean SBS 
scores were 1.5 (SD 0.8), and the mean FLACC scores were 
2.3 (SD 1.9). There was a strong correlation between SBS 
scores and FLACC scores (r 0.8, p0.001). Bivariate analy-
ses identified that the chairside`s parental presence was as-
sociated with SBS scores (p  =  0.002) and FLACC scores 
(p = 0.001). Controlling for child’s age and gender, type of 
dental treatment, pulse rate changes and changes in child’s 
rating of dental anxiety (VPT), parental presence at chairside 
remained significantly associated with SBS scores (β 0.2, 
96%CI 0.1- 0.4, p = 0.003) and with FLACC scores (β 0.7, 
96%CI 0.3- 1.2.4, p0.001).
Conclusions: Disturbance in child behaviour during dental 
visit varied but was generally positive. Parental presence 
chair side was associated with improved behaviour.
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352 | Effect of audiovisual distraction on 
children’s anxiety during dental treatment in a 
Nigerian setting

Ibiyemi Oduyemi1; Olubunmi Bankole2; Bamidele Popoola2

1Department of Child Oral Health, University College 
Hospital, Ibadan, Oyo State, Nigeria; 2Department of Child 
Oral Health, University of Ibadan, Ibadan, Oyo State, 
Nigeria

Background: Dental anxiety in children is associated with 
avoidance of dental treatment and delayed presentations 
which can result in oral health complications. Therefore, 
audiovisual distraction video eyeglasses were developed to 
address this problem. The aim of this study is to evaluate the 
effect of audiovisual distraction using video eyeglasses on 
children’s anxiety during dental treatment.
Methods: An interventional randomised controlled study 
was conducted among 100 children aged 6 to 11 years requir-
ing routine exodontia. The sample was equally randomised 
into the audiovisual distraction group and the ‘no distraction’ 
group. Anxiety was assessed in both groups using the Facial 
Image Scale, Venham’s clinical anxiety rating scale and 
pulse rate. Acceptance of audiovisual distraction by children 
and their parents was assessed using a questionnaire. Data 
were analysed using Chi- square test and student t- test.
Results: The audiovisual distraction group showed lower 
anxiety scores using Facial Image Scale than the ‘no distrac-
tion’ group (p 0.001). Also, using the Venham’s clinical anx-
iety rating scale, lower anxiety scores were observed in the 
children in the audiovisual distraction group in comparison 
to the ‘no distraction’ group (p = 0.001). Furthermore, the 
pulse rate was lower in the audiovisual distraction group as 
compared to the ‘no distraction’ group (p 0.001). The accept-
ability of audiovisual distraction technique by the children 
and their parents was 98% and 100%, respectively.
Conclusion: The audiovisual distraction technique using 
video eyeglasses was more effective in reducing children’s 
anxiety during dental treatment in comparison to the ‘no dis-
traction’ method. Audiovisual distraction had high accept-
ance by the children and their parents.

1746 | Reframing the less voyaged path in 
paediatric dentistry: A review of literature

Vidyavathi H. Patil; Shivayogi M. Hugar; Niraj S. Gokhale
Pediatric and Preventive Dentistry, Kaher's Kle VK 
Institute of Dental Sciences, Belagavi, Karnataka, India

Background: Managing the child’s behavior and anxiety are 
very important to render successful and high- quality dental 
treatment by the pediatric dentist. Stimuli such as strange 

environment, loud noise, bright light etc; can easily arose 
anxiety in a child during dental visits. Hence, it is impor-
tant to mold the child’s attitude towards dental outcomes and 
dentistry during the child’s visit to the dentist. Behavior guid-
ance techniques that deal psychologically can be used for al-
leviating dental fear and anxiety. One such technique is the 
‘Reframing’ which can be used effectively in dental office.
Literature review: Reframing is a communication technique 
that helps in strengthening the relationship between dentist and 
child patient. It is a part of a neuro- linguistic programming 
which is used to convert unpleasant notions to acceptable no-
tions to the patients. It works on the principle that the content 
of an event which one perceives is dependent on the frame in 
which one sees. When there is transformation in the frame, it 
changes the behavior and response of the person. In pediat-
ric dentistry, reframing is proven and considered as one of the 
behavior guidance techniques. There have been studies using 
reframing to successfully treat habit cessation in children.
Conclusions: Although reframing is used commonly in med-
ical literature as a means of coping stressful situation both by 
the patient and the care giver. The dental literature is very 
scanty with its application. Hence, more studies need to be 
done with this technique as a behavior guidance method for 
children in the dental office.

872 | HSPM in primary dentition: Protect, 
predict & prevent

Sanchit Paul1; Supriya Bhatara2; Shivika Agrawal3; 
Abhishek Soni4; Shagun Gupta5

1Chief Pediatric Dentist, Tooth Tales, Exclusive Pediatric 
Dental Centre, Greater Noida, Uttar Pradesh, India; 
2pediatric dentistry, Tooth Tales, Exclusive Pediatric 
Dental Centre, Greater Noida, Uttar Pradesh, India; 
3Associate in Chief, Tooth Tales, Exclusive Pediatric 
Dental Centre, Greater Noida, Uttar Pradesh, India; 4Chief 
Pediatric Dentist, Vanilla Smiles, Exclusive Pediatric 
Dental Centre, Greater Noida, Uttar Pradesh, India; 
5Pediatric Dentistry, Tooth Tales, Exclusive Pediatric 
Dental Centre, Greater Noida, Uttar Pradesh, India

Introduction: Hypomineralised second primary molar 
(HSPM) is a qualitative defect of enamel due to idiopathic 
hypo mineralization that affects 1 to 4 primary molars, with 
unclear etiology. Due to defective enamel and its increased 
porosity, it is more prone to comorbidities like caries, den-
tin hypersensitivity, and enamel breakdown. As per recent 
evidence, CariesCare International consensus is the most 
contemporary patient- centered, risk- based approach to caries 
management designed for the dental practice.
Case Report: This case report is an illustration of the man-
agement of HSPM in primary dentition in 3 year old with 
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unestablished etiology due to poor socio- economic back-
ground. Restorative rehabilitation as minimally invasive pedi-
atric dentistry (SDF, SMART, Halls crown) in conjunction 
with Nitrous Oxide- Oxygen Inhalational Sedation was done 
chair- side which was further complemented by contemporary 
clinical caries consensus augmenting the preventive protocol.
Discussion: Prompt diagnosis and management of HSPM are 
often missed due to the progression to post- eruptive enamel 
breakdown and subsequent decay cycle leading to the in-
creased burden of care. According to the recent systematic 
reviews, the presence of HSPM is predictive of MIH as they 
have a shared period of development and mineralization. In 
this case, with the CariesCare International Consensus ap-
proach, a care plan was co- created with the patient and deliv-
ered to obtain optimal health outcomes.
Conclusion: As per the latest evidence, the presence and 
recognition of HSPMs may serve as a vital and reliable risk 
predictor for future MIH emphasizing the need for its early 
recognition along with personalized interventions as preven-
tive measures and structured management.

806 | Prevalence of musculoskeletal 
disorders among paediatric dentists

Nataša Pejčić Barać1; Ivana Ilić Dimitrijević2; Vanja 
Petrović1; Neda Perunović3; Mia Rakić4; Lidija Kruškonja1; 
Angelina Nikodijević Latinović5

1Department of Preventive and Paediatric Dentistry, 
School of Dental Medicine, University of Belgrade, 
Belgrade, Serbia; 2Faculty of Dentistry, Royal College 
of Surgeons in Ireland, Dublin, Ireland; 3Department 
of Periodontology and Oral Medicine, School of Dental 
Medicine, University of Belgrade, Belgrade, Serbia; 4ETEP 
(Etiology and Therapy of Periodontal Diseases) Research 
Group, Faculty of Dentistry, University Complutense of 
Madrid, Madrid, Spain; 5Department of Orthodontics, 
School of Dental Medicine, University of Belgrade, 
Belgrade, Serbia

Background: Work- related musculoskeletal pain had high 
prevalence and was the most common symptom of musculo-
skeletal disorders among dentists. Unnatural working posture 
could lead to the development of musculoskeletal disorders. 
Work that involves children requires the operator to flex their 
body on a regular basis during work. The aim of this study 
was to investigate the prevalence of musculoskeletal pain and 
risk factors, as well as protective factors during the work of 
specialists of preventive and paediatric dentistry.
Methods: Self- reporting questionnaire developed for the 
study which consisted of 78 questions that was distributed 
among 300 active working paediatric dentists from Serbia.
Results: The results of the study indicated that 81.4% of paedi-
atric dentists have experienced work- related musculoskeletal 

pain. The most common regions of the body affected by 
musculoskeletal pain were the neck and back. The main risk 
factors are working with kids, and being female as female 
dentists were at higher risk than male dentists. Other risk fac-
tors are working long hours, working with a high number of 
patients daily, usage of non- ergonomically designed equip-
ment, and presence of general disorders.
Conclusions: Paediatric dentists are exposed to a wide va-
riety of causative factors which are correlated with muscu-
loskeletal pain in dentistry. Dentists should take preventive 
measures, such as doing physical activity and using ergo-
nomically designed devices and equipment to reduce risk. 
The use of ergonomically designed dental equipment, such as 
ergonomically designed chairs with armrests and body sup-
ports, can significantly contribute to the reduction of muscu-
loskeletal pain experienced by dentists.

405 | Comparative evaluation of 
administration of nitrous oxide, oxygen 
inhalation and intranasal midazolam as pre- 
anaesthetic medication in paediatric dental 
patients: A clinical trial

Tushar Pruthi; Nikhil Srivastava
Pediatric and Preventive Dentistry, Subharti Dental 
college,S.V.S.U, Meerut, Uttar Pradesh, India

Background: Behaviour management often poses a chal-
lenge to Pediatric dentists. Various techniques ranging from 
non- pharmacological to pharmacological have been tried 
over the years. The present study was undertaken to evaluate 
the effect of intranasal midazolam and conscious sedation as 
a behaviour management technique. The aim of this study 
was to compare the effect of nitrous oxide - oxygen inhalation 
and intranasal midazolam as pre- anaesthetic medication.
Methods: After approval from ethical committee, a split 
mouth design was planned. A total of 30 children aged 5- 10 
years with Frankl behaviour rating score 2 and ASA1 requir-
ing class I restoration in atleast two primary molars were in-
cluded in the study. They were randomly divided into two 
groups of 15 children each. In the first visit, class I restoration 
with GIC was performed under Nitrous oxide- oxygen inhala-
tion (Group- 1) sedation in all the children. In the second visit, 
intranasal midazolam (Group- 2) was used for sedation and 
class I restoration using GIC was performed in all children. 
At each visit, oxygen saturation, heart rate and behaviour pa-
rameters were recorded according to Houpt- behaviour scales.
Post- operatively, patient’s anxiety and parent’s satisfaction 
were assessed by visual- analogue scale and questionaries, re-
spectively. Data analysis was done using Wilcoxon’s signed 
rank test and Paired t tests with a p value set as 0.05.
Results: Average oxygen saturation levels and physiologi-
cal parameters were within normal range in both the groups. 
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There was no significant difference in pre to post- operative 
anxiety scores between the groups in final sedation.
Conclusion: Nitrous oxide - oxygen inhalation and intranasal 
midazolam were found to be equally effective and provide 
adequate sedation for easy separation from the children dur-
ing procedure.

816 | The first dental visit: A cross- sectional 
survey in Rabat- Morocco

Hind Ramdi; Achref Harzallah; Sarah Tabbai
Pediatric Dentistry and Prevention Departement, Center 
of Consultation and Dental Treatment. Mohammed V 
University of Rabat, Rabat, Rabat- Salé- Kenitra, Morocco

Background: The first dental visit is critically important in 
the prevention of oral diseases that represent a global health 
problem because of its prevalence and its impact on the over-
all health status of the child. The purpose of this survey was 
to determine the age and the most common reasons for first 
dental visit among children (between 0 -  6 years old) in the 
city of Rabat.
Methods: A cross- sectional survey conducted at the Children`s 
Hospital of Rabat. 100 children aged 0 to 6 years were sam-
pled. A questionnaire was completed by the interviewer ac-
cording to the parents` responses. The statistical analysis was 
done using the "IBM SPSS Statistics version 20" software.

ResultsAverage age of our population was 44 ± 2 months with 
a minimum age of 12 months and a maximum of 72 months, 
half of which was male between the ages of 0 and 6 years.

56% of children have already benefited from a 1st dental 
consultation.

The mean age of the first dental visit in the children studied was 
36 ± 2 months. The 1st consultation is considered late com-
pared to international recommendations (6 months to 1 year).

Most common reason for consultation in the sample was ur-
gency caused by pain with 85.7%, followed by aesthetic 
demands with 8.9% and lastly preventive consultations 
with 5.4%.

At the first consultation, 70.4% of children did not receive 
prevention advice.

32.1% made this first consultation with non- graduate practi-
tioners, 44.7% in public health centers and 23.2% in private 
institutions.

Conclusions: The various results recorded in this survey 
highlight the interest of extending the program of preven-
tion of oral diseases to the age of birth and preschool, the 

establishment of a 1st consultation at the age of 1 year remains 
a necessity, special attention should be given to mothers dur-
ing the pregnancy period and after birth, and prevention mes-
sages should be fairly simple and appropriate because of the 
low level of education of the parents.

881 | Advancements in local anaesthetic 
techniques: A review of literature

Swathi Renuka; Ashwin Rao
Department of Pediatric and Preventive Dentistry, Manipal 
College of Dental Sciences, Mangalore, Karnataka, India

Background: Pain and its successful management have been 
one of the keystones of dentistry worldwide. Knowledge of 
the local and topical anaesthetic agents and the ability of the 
clinicians to choose the best delivery methods has become a 
most important thing in today’s dentistry.
Literature review: Pain is like a double- edged sword to a 
dentist. The reason which brings the patient to dentist side is 
the same that takes away from receiving treatment due to fear 
and anxiety associated with various treatments. To eradicate 
the pain during the treatment procedures, usually anaesthesia 
have to be administered. Conventionally and even today in 
many areas, anaesthesia is administered by injections. This is 
the reason that children dislike dental treatment due to the fear 
and anxiety related to needles. This fear- related behaviour has 
been recognised as the most difficult aspect of patient man-
agement. It can be a barrier for delivering successful treat-
ment. It remains as a negative experience and this will later 
on develops a negative attitude towards dental treatment. The 
agents and anesthetic delivery equipments available today 
provide the practitioner an array of options to effectively man-
age the pain associated with dental procedures.
Conclusions: This review widens up the scope of recent ad-
vances in local anaesthetic solutions, topical anaesthesia and 
the various delivery techniques which can be applied to pedi-
atric as well as in adult patients.

1723 | Consequences in psychosocial 
development of the patient with severe early 
childhood caries: A case report

Sofia Rosenberg G.; Monica Maldonado; M. T. Beaumont; 
Valentina Palma; Pablo Rivadeneira; Andrea Ormeño
Postgraduate Program in Pediatric Dentistry. Faculty of 
Dentistry, Universidad de los Andes, Santiago, Chile

Introduction: Severe early childhood caries (S- ECC) has 
a high prevalence in the Chilean children, causing a public 
health problem. There are different conditions that can cause 
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this situation, and it is also important to consider how S- ECC 
affects the psychosocial development of the patient and their 
behavior. The objective is to present the consequences of S- 
ECC in the psychosocial development of a preschool patient.
Case Report: Patient 3 years 9 months old, Frankl 3, dmf 9, 
S- ECC, phonoarticulation in “T” / ”D” / ”S``, lingual inter-
position, inter and intramaxillary alteration and bad habit of 
bottle using. The patient`s tutor expressed that she had previ-
ous symptoms that prevent her from carrying out her daily 
activities. Communication problems were reported due to her 
altered phonoarticulation, affecting her interaction with the 
environment, difficulty in expressing herself, frustration and 
bad behaviour.
Discussion: This case of S- ECC was analyzed based on dif-
ferent parameters, such as dental history, hygiene, diet and 
habits. The patient presents low hygiene, cariogenic diet, 
delayed first dental visit and a bad habit of bottle using. 
Consequently, the dentist can become aware of alterations 
that the patient presents respect to her relationship with the 
environment, such as the way she speaks, how she expresses 
herself and her behavior in the social sphere.
Conclusion: S- ECC constitutes a problem in public health 
in Chile. S- ECC not only affects the dental level, but also 
affects the patient through their self- esteem, communication, 
behavior and social interaction, demonstrating possible al-
terations in their future psychosocial development.

1779 | ‘Sense of coherence’: Review on 
future directions

Sonali Saha; Abhay Mani Tripathi; Gunjan Yadav; Kavita 
Dhinsa; Anshul Sharma, Amit Rai
Pediatric and Preventive Dentistry, Sardar Patel Post 
Graduate Institute of Dental and Medical Sciences, 
Lucknow, Uttar Pradesh, India

Background: The concept of salutogenesis was advanced 
almost four decades ago and has been adopted in health pro-
motion research and practice. Suggestions for improving the 
salutogenic model of health include addition of a positive 
health continuum and a path of positive health development 
linking resources to this new continuum.
Literature Review: This model posits that life experiences 
shape the Sense of Coherence (SOC) that helps to mobilize 
resources to cope with stressors and manage tension suc-
cessfully (determining one’s movement on the health Ease/
Dis- ease continuum). It shows how diverse psychological, 
physical and biochemical stressors can be successfully man-
aged by a range of cultural, psychosocial, genetic and con-
stitutional general resistance resources (GRRs). A second 
application involves the use of the concept and measure-
ment of SOC as the core element of the salutogenic model 

of health that promotes the ability to mobilize GRRs and 
specific resistance resources (SRRs). A third application is 
the exploration of a salutogenic orientation focusing on re-
sources leading to positive outcomes rather than focusing on 
disease and underlying risk factors. The three- dimensional 
SOC (i.e., comprehensibility, manageability, meaningful-
ness) is posited as the key answer to the question about the 
origin of health.
Conclusion: Suggestions for improving the salutogenic 
model of health include addition of a positive health con-
tinuum and a path of positive health development linking 
resources to this new continuum. Expansion of the theory 
and of the model will support health promotion researchers 
and practitioners in efforts to address the full spectrum of the 
human health experience.

612 | Content analysis of behaviour 
change taxonomies in smartphone- based 
toothbrushing apps

Kavita Sharma
Pediatric and Preventive Dentistry, VSPM Dental College 
and Research Centre, Nagpur, Maharashtra, India

Background: Smartphone mobile app is an innovative con-
cept for health behaviour- based interventions. The present 
study aimed to analyse apps developed for smartphones that 
promote tooth brushing amongst children using the Coventry, 
Aberdeen, and London- Refined (CALO- RE) taxonomy for 
behaviour change.
Methods: Tooth brushing apps available in English and 
free to download that purported to assist with brushing were 
searched on the Apple app store using search terms based 
on Boolean logic and included AND combinations for key-
words tooth brushing, children, toothbrush and motivation in 
the health and fitness category; six apps met the inclusion 
criteria and were downloaded. The behaviour change taxono-
mies were assessed individually for each app and scored as 
per coding and analyzed for presence or absence.
Results: Only three of the behaviour change taxonomies 
were present in all apps, i.e. information provision (general), 
goal setting (behaviour) and prompt practice. Setting graded 
tasks, self- monitoring of behavioural outcome, demonstra-
tion of behaviour, prompt use of imagery and time manage-
ment were included in four out of six apps.
Conclusions: The present study explores a new arena for oral 
healthcare motivation and prevention in children through the 
use of mobile phone apps.
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778 | Behaviour management in pedodontics

Randeep Singh Sidhu; Randeep Singh; Varinder Goyal; 
Angel Bansal; Neha Rani; Tavleen Kour
Department of Pedodontics and Preventive Dentistry, Guru 
Nanak Dev Dental College and Research Institute, Punjab, 
Sunam, Sangrur, India

Background: Humans, like other animal species, have a typ-
ical life course that consist of successive phases of growth, 
each of which is characterized by a distinct set of physical, 
physiological and behavioral features. These phases are pre-
natal life, infancy, childhood, adolescence, and adulthood. 
A primary motivation of many investigators in the field has 
been to determine how the culminating mental abilities of 
adulthood were reached during the preceding phases. For 
treatment of biological development, see human develop-
ment. For further treatment of particular facets of behaviour 
development, see emotion, learning theory, motivation, per-
ception, personality, and sexual behaviour of human.
Literature Review: The systematic study of children is less 
than 200 years old, and the vast majority of its research has 
been published since the mid- 1940s. Basic philosophical 
differences and their growth occupied psychologists dur-
ing much of the 20th century. The most important of such 
controversies concerned the relative importance of genetic 
endowment and environment, or ‘nature’ and “nurture” in de-
termining development during infancy and childhood. Most 
researchers came to recognize however, that it is the interac-
tion of inborn biological factors with external factors, rather 
than the mutually exclusive action or predominance of one or 
the other force that guides and influence it.
Conclusions: Appropriate use of management techniques 
can improve the child’s behaviour in subsequent dental vis-
its. Finally, the most effective communication always reflects 
the personality of the dental professional themselves.

226 | Effect of personal protective 
equipment on anxiety of 5 to 10 year old 
children in dental operatory: An experimental 
study

Sargam Sortey; Devendra Nagpal
Pediatric and Preventive Dentistry, VSPM Dental College 
and Research Centre, Nagpur, Maharashtra, India

Background: The purpose of this study was to evaluate the 
effect of personal protective equipment on anxiety of 5 to 10 
year old children in dental surgery.
Methods: 60 children of 5 to 10 years were randomly al-
located to three study groups; Group A –  A Pediatric dentist 
wearing colorful cartoon printed scrub, head cap, N95 mask, 

face shield and hand gloves, Group B -  A Pediatric dentist 
wearing complete PPE (gown, shoe covers, head cap, N95 
mask, goggles, hand gloves and face shield) and Group C -  A 
Pediatric dentist wearing modified colorful PPE (Protective 
gown and face shield modified with cartoon pictures). Child’s 
anxiety was assessed at baseline and after showing photo-
graph of pediatric dentist in the particular attire using the 
Facial image scale. Preference for attires was later evaluated.
Results: Intergroup comparison of mean anxiety scores after 
showing photographs in the three groups showed statisti-
cally significant difference between group A and group C 
(p = 0.024) and group B and group C (p = 0.0001). A statisti-
cally significant increase in anxiety in group B and decrease 
in Group C was observed. 88.8% of the children preferred 
modified PPE.
Conclusion: PPE decreases the non- verbal communication 
affecting the rapport between a pediatric dentist and patients. 
But modifying it with colorful relatable content can allay 
children’s anxiety.

1920 | Effectiveness of videos with and 
without binaural beat audio for anxiolysis in 
children undergoing dental treatment: A pilot 
study

Rashi Srivastava; Nilesh Rathi
Pediatric and Preventive Dentistry, Sharad Pawar Dental 
College and Hospital, DMIMD (DU), Sawangi (Meghe), 
Wardha, Maharashtra, India

Background: Emotional and behavioural responses of 
children to dental treatment is a matter of serious concern 
to Pediatric Dentists. Audiovisual stimuli with specific fre-
quency cause the brain to adapt to the same frequency, known 
as ‘brain entrainment’. Research using audio beats has been 
conducted, identifying their positive effects on verbal mem-
ory, relaxation, dual cognitive tasks, working memory and 
pain reduction. This pilot study is aimed at evaluating the ef-
fect of delta audio beats on anxiety reduction in apprehensive 
children during dental procedures.
Methods: Ten children belonging to the age group of 5- 8 
years were shown cartoon videos with and without delta beat 
audio alternatively at 2 consequent visits. This was carried 
out over a span of 30 minutes using noise cancellation ear-
phones. Since the findings of biofeedback could be correlated 
to decrease in anxiety, the pulse rate and oxygen saturation 
(SpO2) levels were noted at the baseline and after 30 minutes.
Results: The resultant pre- and- post values were used to cal-
culate the mean and compared using paired and unpaired t- 
test. The decrease in the pulse rate was significantly higher 
6.8 (mean) for the delta wave audio group, compared to 3.6 
(mean) in the control group. The Oxygen saturation level also 
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showed a significant increase 6.8 (mean) in the experimental 
group, when compared to 2.9 (mean) in the control group.
Conclusion: Binaural audio beats utilise a non-  invasive 
therapeutic method, targeting the centers of the brain dedi-
cated for psychological and physiologic processes of the 
body, thus providing effective anxiolytic effects.

1582 | How to rebuild trust after a bad 
dental experience? Managing the fearful 
patient with the help of medical hypnosis

Duška Stopar1; Petra Šterbenk2; Tomaž Hitij3; Mojca 
Brezavšček4

1General Dentist, Dentplus, Private Practice, Vrhnika, 
Slovenia; 2General Dentist, Private Practice, Ptuj, 
Slovenia; 3Department of Dental Disease and Tooth 
Morphologyh, Medical Faculty Ljubljana, Slovenia; 
4Pschology, Private Practice, Ljubljana, Slovenia

Introduction: Dental fear is a common health care issue 
in the child population. There are many methods for cop-
ing with the issue e.g. tell- show- do, positive reinforcement, 
voice control and medical hypnosis.
Case Report: This report presents the behaviour manage-
ment of a 5- year- old child who experienced pain and dis-
comfort when seeking/receiving first aid in a dental office 
because of a fever and swelling of the first lower left molar. 
During a check- up a week later, he appeared afebrile and no 
swelling was seen. However, using the tell- show- do tech-
nique, only an examination was possible; when spotting the 
intention to use a drill, he closed his mouth and refused any 
intervention in the mouth. On the second appointment a week 
later, some elements of medical hypnosis were used and full 
cooperation was achieved.
Discussion: It is vital to establish security and confidence at 
the beginning of the treatment, especially with younger pa-
tients. However, in case of swelling and fever, a dental emer-
gency is urgent. Re- establishing trust and cooperation after 
a previous bad experience can be challenging. In children, it 
may increase resistance to subsequent interventions. Medical 
hypnosis is an effective non- pharmacological approach to es-
tablish trust and encourage participation of children without 
the use of drugs and side effects. There is also no requirement 
for specialized equipment.
Conclusions: Besides professional medical knowledge, the 
practitioners should be equipped with additional patient- 
managing techniques. In children, hypnosis is a useful thera-
peutic method, as they tend to have an active imagination and 
are very susceptible to hypnotic suggestions.

298 | Preparing a child for the first dental 
visit: Parent’s/guardian’s knowledge, attitude 
and practice

Susi Sukmasari1; Norzaiti Bt. Mohd. Kenali1; Noorhayazati 
Bt. Abdul Halim2; Fakhrul Nor Aziz Bin Paridul Adras3; 
Ahmad Amnan Bin Ahmad Tarmizi3

1Paediatric Dentistry, International Islamic University 
Malaysia, Kuantan, Pahang, Malaysia; 2Dental Public 
Health, International Islamic University Malaysia, 
Kuantan, Pahang, Malaysia; 3Dentistry, Ministry of Health 
Malaysia, Malaysia

Background: The first dental visit is important to develop a 
good dentist- parent- child relationship.
The aim of this research was to assess parent’s/guardian’s 
knowledge, attitude and practice (KAP) in preparing a child 
for the first dental visit.
Methods: A cross- sectional study was carried out within 6 
months on 150 participants who brought their children to the 
Kulliyyah of Dentistry dental polyclinic, IIUM. Validated 
questionnaires consisting of parent’s/guardian’s K, A and P 
related to the development of the tooth, oral disease, caries 
prevention, habits, role model, the reason for dental visit, 
introduction to dental clinic and dentist were distributed. 
Pearson correlation was used to analyse the associations.
Results: The significance between K, A and P was P0.05 
with rho between K and A, K and P, and A and P of +0.213, 
+0.246, +0.406, respectively. Early exposure was given to 
the children before their first dental treatment explaining the 
main purpose of going to the dentist and the impact of good 
oral hygiene towards quality of life, watching videos and 
pictures describing dental treatment in child- friendly clinic. 
Skilled dentists, painless, gradually and enjoyable dental 
treatment were participant’s preferences. As role models for 
children, parents had taught dental home care, the right at-
titude of rewarding and not frightening children with dental 
treatment, as well as supporting school dental programmes.
Conclusion: The relationship between K, A and P was sig-
nificant. However, the associations were fair.

517 | Level of knowledge and experience 
regarding child abuse: A survey study of dental 
practitioners in Morocco

Sarah Tabbai; Hind Ramdi
Pediatric Dentistry and Prevention Departement, Center 
of Consultation and Dental Treatment. Mohammed V 
university of Rabat, Rabat, Rabat- Salé- kenitra, Morocco

Background: The aims of the study were to investigate 
dentists’ level of knowledge and experience regarding child 
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physical abuse in Rabat the capital of Morocco, to identify 
barriers that prevent the reporting of suspected cases by den-
tal practitioners, and to assess need for training dentists in 
detecting child abuse.
Methods: A self- administered structured questionnaires was 
drawn up and delivered to 110 dental surgeons in the region 
of Rabat; Morocco. The questions were closed, with multiple 
choice, to allow to answer them in a limited time and, by this 
means, to obtain a greater participation of the doctors. The 
response time has been set at 1 week (7 days).
Responses were coded and processed using IBM.SPSS soft-
ware. Statistics.v22.MacOSX. And analyzed using descrip-
tive analyses for responses to each question.
Results: Of all dental practitioners invited to participate, 
only 77% have responded.
Almost half of the dentists encountered a suspicious child 
abuse case at least once in their career, but only 11% of those 
reported their suspicion.
The most common barriers that preclude the dentists from 
reporting child abuse cases were uncertainty about their di-
agnosis followed by the lack of knowledge regarding referral 
procedures.
However, the majority of participants were aware of their 
legal responsibilities toward protecting children from abuse 
and they expressed their need for further training in this area.
Conclusions: Based on the results of this study, it appears 
that the level of knowledge among the respondents regard-
ing the recognition and reporting of child physical abuse was 
lacking. Therefore, specialized training in this area is highly 
recommended.

299 | Oral health seeking practices among 
University of Nairobi dental students

Alice Waireri1; Nicholas Gichu2; Hudson Alumera3; Loice 
Gathece1

1Department of Community and Preventive Dentistry, 
University of Nairobi School of Dental Sciences, Nairobi, 
Kenya; 2Department of Paediatric Dentistry, Gertrude's 
Children's Hospital, Nairobi, Kenya; 3Department of 
Periodontology, University of Nairobi School of Dental 
Sciences, Nairobi, Kenya

Background: Oral health seeking practices is behavior that 
prompts individuals to seek preventive dental care. The study 
aims to study oral health seeking practices among students of 
University of Nairobi Dental School.
Methods: A total of 73 students who study at the University of 
Nairobi Dental School who gave informed consent and fit the 
inclusion criteria were interviewed using self- administered 
questionnaire (open and close ended).

Results: Most participants were aged between 21- 23 
37(50.7%). 30(41.1%) were male and 43(58.9%)female. 
63(86.3%) participants had visited a dentist with 20(13.7%) 
having gone within the last three months, 14(22.2%) within 
the last six months, 10(15.9%) more than six months to a year, 
8(12.7%) more than a year and 11(17.5%) more than two 
years. 22(30.1%) visit the dentist after 2 years while 7(11%) 
visit every six months, 19(30.2%) every six to twelve months, 
10(15.9%) visit after every twelve months and 5(7.9%) every 
two years. The main reasons stated for visiting were 17(37%) 
pain and 27(58.7%) due to pending appointments.
Most common procedures done were 14(23.3%) simple fill-
ings and 11(18.3%) scaling. Majority 32(50.8%) had missed 
appointments mostly due to lack of time 18(52.9%) and lack 
of pain as a symptom 6(17.6%). 42(57.5%) had an existing 
dental problem not sought treatment for.
Conclusion: Most students have existing dental problems 
not sought treatment for; with most reporting irregular dental 
visits and a significant number citing pain as the motivation 
to visit a dentist. This may suggest that dental treatment is 
only sought in the emergency stages of the disease.

944 | Application of various behavior 
management techniques by graduates and 
intern dentists to manage children in dental 
clinic

Josnavinutha Yadiki
Preventive Dentistry, College of Dentistry, Jouf University, 
Sakaka, Aljouf Province, Saudi Arabia

Background: Application of various behavior management 
techniques (BMTs) need skills to manage children in dental 
clinic. The aim of this study is to assess the application of 
various behavior management techniques used by graduate 
students and intern dentists to manage children in the dental 
clinic.
Methods: A cross- sectional study was conducted among 
dental students from College of Dentistry, Jouf University. 
All fifth year BDS students and intern dentists studying in 
College of Dentistry were included as the study sample be-
cause they had already received didactic classes about BMT 
and involved in clinics treating child patients. A structured 
close- ended questionnaire comprising 12 questions related to 
the behavior management techniques and their application in 
dental clinics was given to the participants.
Results: The data were obtained, tabulated, and analyzed sta-
tistically using one- way ANOVA and Mann- Whitney tests. 
Tell– Show– Do is considered to be the most common BMT 
used by interns followed by positive reinforcement, parental 
presence and distraction. Positive reinforcement is the most 
common technique used by fifth year students followed by 
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parental presence, Tell- Show- Do, distraction and protective 
stabilization. The least common technique used by both in-
terns and fifth year students was general anesthesia.
Conclusions: Tell– Show– Do and positive reinforcement 
are considered the most common BMTs used in the present 
study followed by parental presence. Hence, the present 
study helped graduates to analyse and apply various behavior 
management techniques to better manage children in dental 
clinic.

1788 | The use of hypnosis in pedodontic 
pain and anxiety control: A review of literature

Dilek Ozge Yilmaz1; Tennur Bahar Kasimi1; Derya 
Tabakcilar2; Nilüfer Ustun3

1Department of Pedodontics, Beykent University, Faculty 
of Dentistry, Istanbul, Turkey; 2Pediatric Dentistry, 
Yeditepe University, Faculty of Dentistry, Istanbul, Turkey; 
3Department of Pedodontics, Medipol University, Faculty 
of Dentistry, Istanbul, Turkey

Background: Hypnosis has a long tradition in medical pro-
cedures, being widely used in dentistry for moderate fears 
of dental procedures, excessive gag reflex, treatment of oro-
facial pain and managing procedural pain. One of the most 
challenging aspects in pediatric dentistry is to convince 
the patient to accept all treatment procedures promptly. 
Traumatic or painful previous experiences are the most sig-
nificant etiological factors for pediatric patients’ dental fear 
and anxiety. Using the hypnosis technique to prevent dental 
anxiety becomes even more attractive because children are 
more prone than adults to hypnosis as a consequence of their 
imaginary capacities.
Literature Review: The benefits of non- pharmacological in-
terventions like hypnosis, relaxation, audio- visual distraction 
methods and cognitive behavioral approaches in reducing the 
mental suffering during dental care were researched, with the 
greatest effects demonstrated for hypnosis. Fear of the dentist 
is included under certain phobias according to the Diagnostic 
and Statistical Manual of Mental Disorders (DSM)- IV and 
classification of Statistical Diseases and Related Health 
Problems (ICD)- 10. Dental phobia is classified as a specific 
phobia in DSM- IV- TR. The frequency of dental anxiety in 
children and adolescents varies widely between 5% and 40%, 
and tends to decrease with age.
Conclusion: The purpose of this literature review was to 
compare the effectiveness of hypnosis and other behavior 
management techniques in reducing pain or anxiety before 
dental treatment in pediatric patients.

822 | Ethical issues in clinical paediatric 
dentistry

Maria -  Emmanouilia Micalaki Z.1; Myrto P. Zarrou2; Effie 
P. Syrrakou3

1Dentist, Private Paediatric Dental Office, Athens, Greece; 
2HBSc Genetics and Bioethics, Faculty of Arts and Science, 
University of Toronto, Toronto, Canada; 3Paediatric 
Dentist, Private Paediatric Dental Office, Athens, Greece

Introduction: Paediatric dentists are faced with complex 
ethical issues in their practice. This is due to the normal 
doctor- autonomous- patient relationship being replaced by 
a more complicated one involving a not fully autonomous 
young patient, and their parents or guardians.
Case Report: First Case: A fifteen- year- old presented at 
the office for a recall exam with her mother. Before treat-
ment, she requested to speak privately with the dentist. She 
revealed that she had a frenulum piercing which she herself 
had done and did not want her mother to know.
Second Case: A three- year- old with severe early childhood 
caries presented for the first time at the office with his par-
ents. In the medical history form, the father noted that the 
child was not vaccinated.
Discussion: According to the fundamental ethical principles, 
the dentist must respect the patient’s decisions (autonomy), 
only do what is right for the patient (beneficence), refrain 
from doing harm (non- maleficence), and offer equal treat-
ment (justice). The dilemma arising from the first case is 
whether the dentist should respect patient autonomy given 
the perceived competence of adolescents or take a paternal-
istic approach, and reveal the patient’s secret to the mother. 
In the second case, the dentist, taking into consideration jus-
tice, beneficence, and non- maleficence must decide whether 
to treat the unvaccinated patient but potentially put the health 
of others at risk.
Conclusions: Ethical issues make paediatric dental practice 
challenging, but it is vital that the dentist is able to assess 
each case individually and make appropriate decisions to 
maximize the benefit for the young patient.





���������	�
��

���
������


��������
���

��	���
����
����������	
����������	
�
����
���





���������	�
��

���
������


��������
���

��	���
����
����������	
����

�����	
�
����
���

����
��	
����
�����	
�	��

���������	
����������������������������	
�������������������



��������

��������	���
�����	���	������
���
�������	����������������������������
���	�
����� ����	� ��� ������ ���������� ��	� ���� ���	�
����� ��� ���������	
���	�
����� ��� ������ ���������� ���	����� ���� ���� ��� ����	� ��
���� ��	���
��
������

�����
�������	����
������	����	����������������������������
������������
�����������������������������������������������	����
��������
����� ��
���
��� ��� �����	�	� ��� �����������	� ��� ������� ��� ���	�
���� ��	
����	�������������������������	�����	������������	�����������

�������
�������������
������


 ���������
!� �!�"#$%�����	�
��� ���������
��������	�
������
&�	�� #����� '�	���� (����� !�	��� 
�
���� ��� ���� (
��)�����
� )�%�!
 ��������������
�������%�����*+������,*����������-./,0��%����������"��	����$����
 �����	������������������
�	
�������������������

���������1�2$"��3�4��2'!����)25'4� �46'��%�27!�8�')5�!
��������� 1� ./.*� &�	�� #����� '�	���� (����� !�	��� 
�
���� ��� ���
(
��)�����
�)�%�!� ��������������



��������	
���	������	����

�

����� � � � �
�

 

 

 

 

 

 

 

 

METALLIC OXIDE NANOPARTICLES AS 

ANTIMICROBIALS AND THEIR 

APPLICATIONS IN DENTISTRY 

                                                              



��������	
���	������	����

�

����� � � � �
�

 CONTENTS 

CHAPTER 

NO 

                         CHAPTER  PAGE 

NUMBER 

             1  INTRODUCTION 

 

4 

             2 HISTORY 

 

8 

             3 SILVER AND SILVER OXIDE NANOPARTICLES 

 

10 

             4 TITANIUM DIOXIDE(TiO2) NANOPARTICLES 

 

12 

             5 ZINC OXIDE NANOPARTICLES 

 

15 

             6 COPPER AND COPPER OXIDE NANOPARTICLES 

 

18 

             7 NANOMETALS AS ANTIMICROBIALS IN 

DENTISTRY  

 

20 



��������	
���	������	����

�

����� � � � �
�

             8 NANOMETALS AS ANTIMICROBIALS IN DENTAL 

MATERIALS 

22 

            9 NANOMETALS AS ANTIMICROBIALS IN IMPLANT 

DENTISTRY 

29 

             10 NANOMETALS AS ANTIMICROBIALS IN 

MAXILLOFACIAL PROSTHETIC MATERIALS 

32 

            11 A NOTE ON CYTOTOXICITY OF NANOPARTICLES 

 

34 

            12 ADVANTAGES AND DISADVANTAGES OF 

NANODENTISTRY 

 

36 

              SUMMARY AND CONCLUSION 38 

 

              BIBLIOGRAPHY 40 

 

 

 

 

 

 



��������	
���	������	����

�

����� � � � �
�

                                             

 

                                                             

 

                                                           

 

 

 

CHAPTER -1 
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Nanotechnology is a rapidly growing entity in the modern science. The impact of 

nanotechnology has brought many changes in treatment aspects in healthcare sector. Nano 

sized materials show different properties. Colour, conductivity, strength etc change in case of 
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multidisciplinary field of science and technology, that uses nanomaterials and devices in 

diagnosing, treating and preventing oral and dental diseases, relieving pain and improving 

dental health using nanosized material.  

Bacterial infections remain as a gross reason for morbidity and mortality in this world. The 

main concern is about multi drug resistant bacterial strains and biofilm-associated infections. 

Despite the innumerable potent antibiotic drugs and other existing modern antibacterial means, 

bacterial infections remain as a challenge. Antimicrobials used in the clinical field at present 

have shortfalls like risk of microbial resistance, weak antimicrobial activities, difficulty in 

functioning in a dynamic environment etc. Long-term effective antibacterial and biofilm-

preventing materials account for a prompt need in medicine and dentistry. Hence a gross 

change in the antimicrobial therapy was required and the attention was moved to 

nanotechnology. The new and emerging nanoparticle-based biomaterials in healthcare field 

brought a good change in various materials as well as therapies applied.  

Nanotechnology has been applied widely in medical as well as dental field. This has brought 

immense changes in research as well as in the application field, bringing a lot of improvements 

in diagnosing, preventing and treating oral and dental pain and diseases. Metallic oxide 

nanoparticles have been applied in biomedical field such as drug delivery, anticancer, 

antifungal, antibacterial etc.  
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Due to the increase in the number of microorganisms and their resistance to antimicrobials, 

scientists have researched on materials that can be effective against microorganisms as well as 

cost effective. Decreasing the size of the particle has been found to be an efficient tool in 

improving the biocompatibility. Nanoparticles of metals have various applications in industry, 

agriculture and healthcare. Antimicrobials in the form of nanoparticles have been studied, and 

suggested their use as bactericidal materials. In various research works, metals and metallic 

oxides have proved to show antimicrobial activity at low concentrations.1,2,3 

Nanotechnology has become an integral part in dental research. The antimicrobial activity of 

different metals like silver (Ag), gold (Au), titanium (Ti), copper (Cu) and zinc (Zn), which are 

considered to be safe for human beings, have been used in various areas since a long time4. As 

years passed, Metallic oxide nanoparticles such as silver oxide (Ag2O), titanium dioxide 

(TiO2), zinc oxide (ZnO), calcium oxide (CaO), copper oxide (CuO) and magnesium oxide 

(MgO) were identified to display antimicrobial activity.  

 

Oral cavity has numerous microorganisms which can cause many infections. Dental and 

periodontal diseases have multiple etiological factors, but the common being bacteria. Oral 

infections can influence the progression and pathogenesis of many systemic diseases like 

cardiovascular disease, bacterial pneumonia etc. Hence, maintaining oral health is a major goal 

in dentistry. Nanomaterials along with nanotechnology in dentistry help in bringing down the 

microbial infections.  

The accurate mechanism of action of nanometals is still being studied. The mechanism of 

action thought to be behind its antimicrobial activity is that they act by deactivating the cellular 

enzyme and DNA by engaging the electron donating groups such as carboxylates, Amides, 

Thiols, Indoles, Hydroxyles, etc. They cause pores in bacterial cell walls, thus leading to 

increased permeability leading to cell death. Certain possibilities which have been put forward 



��������	
���	������	����

�


���� � � � �
�

include free metal ion toxicity due to the dissolution of metals from the surface of nanoparticles 

or oxidative stress caused by generating reactive oxygen species (ROS) on the surfaces of 

nanoparticles.5 

 

Antimicrobial effectiveness depends on the kind of the materials used for preparing the 

nanoparticles and its particle size.6,7 Reducing the particle size of the materials is considered to 

be an efficient tool for improving biocompatibility.5 Nanotechnology at present gives a good 

platform for changing the physical and chemical properties of various metals to transform them 

into effective antimicrobials. Hence antimicrobial efficacy of various nanometals are dedicated 

to their morphology and physicochemical properties.6,8  

 

The antimicrobial efficacy of nanoparticles are found to be greatly influenced by its shape.9,10 

Nanoparticles when compared to their own larger particles show different characteristic 

features. This can be credited to the fact that the surface/volume ratio of the nanoparticles 

increase with the decrease in the particle size.11,12 Because of this small particle size, 

nanoparticles have a better penetration into cells and tissues, showing strong bactericidal 

effect.13,14,15 It is believed that, the positively charged surface of the metallic nanoparticles help 

in their attachment to the negatively charged surface of the bacteria thus resulting in a higher 

bactericidal effect.6  
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A few researchers think nanotechnology as a newer form of science that did not develop until 

the late 1980s or early 1990s. But some others have traced it back to the 1950s.  

1867 - In 1867 by James ����
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shall be able to handle individual molecules in the time ahead. 

1914 - During the first decade of the 20th century, the first observations and size measurements 

of nano-particles was made. Richard Adolf Zsigmondy did a research of gold sols and other 

nanomaterials with sizes down to 10 nm or less. He was the first person who used the term 

����������
��
specifying the size of a particle.  

1959 - The Nobel prize winning physicist Prof. Richard Feynman described atomic scale 

fabrication of nanomaterials. Prof Feynman suggested that nanomachines, nanorobots and 

nanodevices could be utilized to develop a wide variety of precise microscopic instruments and 

tools. 

1974 - ����
�����"����
�����	
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popularity.  

1977- Many researchers accept to ���
����
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Kerie E. Drexler, researcher at Massachuehettes Institute of Technology. Researchers claim 

that that Prof. Drexler also introduced molecular nanotechnology concepts in the late 1970's. 
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CHAPTER 3 

  SILVER(Ag) AND SILVER OXIDE 

NANOPARTICLES (Ag2O) 
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Of all the metal nanoparticles, silver nanoparticles have been effectively used as antimicrobial 

agent against bacteria, fungi, and viruses. Applications of Silver and its compounds have been 

used for disinfection of various medical devices and in water purification. Among nanometals, 

with antimicrobial properties, silver is being used against microbial infections since many 

years.  Silver compounds are commonly used to treat wounds and a number of infectious 

diseases. Silver was reported to be an efficient antibacterial agent against different pathogens 

in various studies.  

Silver nanoparticles are the most popular inorganic nanoparticles employed as antimicrobial 

agents in numerous products and has vast biomedical applications. The antibacterial activity of 

silver nanoparticles reduces patient infection, antibiotic dependence as well as associated costs.  

Besinis et al. in their study concluded that the antibacterial effectiveness of Ag nanoparticles 

against S. mutans was high-up than that of chlorhexidine.16  

 

Hernández-Sierra et al, in their comparative study on the antimicrobial activity of Ag 

nanoparticles, ZnO, and Au against Streptococcus mutans (S.mutans) showed that Ag exhibited 

the highest activity against S. mutans. They also suggested that as S.mutans being responsible 

for dental caries, Ag nanoparticles may be considered helpful.17 

 

Properties based on the shape of nanoparticles have also been investigated by various 

researchers. Bera et al stated that the size as well as the shape of the fluorescent Ag 

nanoparticles (1&5 nm) controlled its antimicrobial activity against Staphylococcus 

epidermidis and Bacillus megaterium and Pseudomonas aeruginosa.18 

 

Ag2O nanoparticles were found to have good antimicrobial activity. Sondi and Salopek-Sondi 

in their study suggested the antimicrobial efficacy of Ag2O nanoparticles against E. coli.19 
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 CHAPTER 4 

                             TITANIUM DIOXIDE(TiO2)              

                                   NANOPARTICLES 
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TiO2 nanoparticles are considered as advanced materials because of their impressive optical, 

photo-catalytic and dielectric, properties. Titanium dioxide (TiO2) is used as a disinfecting and 

cleansing material. It is used for environmental purification which can be attributed to its photo 

induced super-hydrophobicity as well as antifogging results.20 These properties are very well 

utilized in eliminating bacteria and harmful agents from air and water.21 These nanoparticles 

are also used for sterilizing surfaces in healthcare centres. 

 

Antimicrobial property of TiO2 is attributed to its crystal structure, shape and size .22 The 

oxidative stress via the generation of reactive oxygen species (ROS) may be an important 

mechanism for TiO2 nanoparticles. The ROS causes site specific DNA damage.23,24Haghighi 

et al. in their research on the antifungal effect of TiO2 nanoparticles against fluconazole 

resistant standard strains of Candida albicans, showed that the synthesized TiO2 nanoparticles 

had improved antifungal effect on the fluconazole resistant strain of C. albicans biofilms. 

Therefore, it was suggested that TiO2 nanoparticles could be used effectively to inhibit the 

fungal biofilms especially those formed on the surface of medical devices.22 

 

TiO2 nanoparticles have the potential to produce ROS under UV light. Photocatalytic 

properties of the TiO2 nanoparticles make them efficient in eradicating bacteria. But, the use 

of TiO2 nanoparticles under UV light can cause genetic damage in human cells and tissues, 

hence restricted. It has been found that, doping of TiO2 nanoparticles with metal ions can be a 

good idea to solve this problem. 25Carré et al. noted that the antibacterial activity was 

accompanied by lipid peroxidation that causes the disruption of the cell integrity.26  
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Main characteristics as antimicrobial agent- 

- Photocatalytic activity 

- High stability 

-Bactericidal effects on both Gram-positive and Gram-negative bacteria 

-High stability  

- Effective antifungal for fluconazole resistant strains. 
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CHAPTER 5        

           ZINC OXIDE NANOPARTICLES(ZnO) 
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Zinc oxide is a bio safe material which exhibit antibacterial properties. The white color, UV-

blocking, and ability to prevent biofilm formation makes them suitable for fabric and glass 

industries as coating materials for medical and other equipment. ZnO nanoparticles were  

shown to have broad range of antimicrobial activity against various microorganisms,  and it 

was dependent on the concentration and particle size. Emami-Karvani et al.27 studied the 

antimicrobial activity of ZnO nanoparticles against E. coli and S. aureus bacteria, by using 

different concentrations and reducing the particle size. They concluded that the antibacterial 

activity of ZnO nanoparticles increased by changing the concentrations and by reducing the 

particle size. This improved antibacterial activity of ZnO nanoparticles compared to its 

microparticles was mainly attributed to the surface area enhancement. 

ZnO nanoparticles are of low cost. They are effective size- dependent antimicrobial against 

Klebsiella pneumonia, Listeria monocytogenes, Salmonella enteritidis, Streptococcus mutans, 

Lactobacillus and E. coli and with low toxicity to human cells. ZnO nanoparticles exhibit high 

photocatalytic properties which enhance their antimicrobial efficiency. These nanoparticles 

generate ROS under UV light as well. 

 

Proposed mechanism of antimicrobial action- 

 By ROS generation on the surface of the particles and zinc ion release leading to membrane 

dysfunction and internalization of nanoparticles into cell. 

 

Azam et al. in their comparative investigation of antimicrobial activity of ZnO, CuO, and 

Fe2O3 nanoparticles against Gram negative and Gram-positive bacteria reported ZnO as the 

most bactericidal. 28 Some studies have demonstrated that metal ion doped nanoparticles can 

increase antimicrobial properties of metallic nanoparticles. Sun et al. from their studies 
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suggested that the titanium doped ZnO powders showed antimicrobial action against E. coli 

and S. Aureus.29 

 

The treatment using zinc was approved by the FDA and an added point is nowadays Zn is 

available as a food additive.                                                                     
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CHAPTER 6 

COPPER (Cu) AND COPPER OXIDE (CuO)     

NANOPARTICLES 
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Copper nanoparticles have unique biological, chemical and physical properties, antimicrobial 

activities as well as the low cost of preparation. Eventhough copper oxide (CuO) nanoparticles 

are found to be effective against various bacterial pathogens, their antibacterial efficacy has 

been inferior to that of Ag or ZnO. Hence, a higher concentration of nanoparticles is required 

to achieve the same good results.  Cu is much less expensive than other nanosized metal 

particles, it can be utilized for efficacy enhancement like the other metallic nanoparticles, to 

express their antibacterial activity by membrane disruption and ROS production. 

 

Mahapatra et al.investigated the antibacterial activity of CuO nanoparticles and reported that 

copper oxide nanoparticles showed good antibacterial activity against the tested bacteria.30 

 

Azam et al investigated the antibacterial activities of CuO nanoparticles against S. aureus and 

B. subtilis and Pseudomonas aeruginosa and E. coli. According to their study, nanoparticles 

exhibited size dependent -inhibitory effects against both groups of the mentioned bacteria. 

These nanoparticles prevent bacterial growth by entering the nano- pores existing on the 

cellular membranes of most of the bacteria.31 
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CHAPTER 7 

NANOMETALS  AS ANTIMICROBIALS IN 

DENTISTRY  
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Nanomaterials have been considered as materials in which the shape as well as the molecular 

composition can be controlled at nanometre scale.  Hence, they have extraordinary properties 

which are useful for the development of new and improved applications in dentistry. In 

dentistry, several research efforts are being carried out, for the improvement of the properties 

of materials used in dentistry.  

Various studies done on the different nanoparticles were applied into different aspects of 

dentistry starting from the biomaterial aspect to the treatment level considerations. Silver, 

titanium dioxide and zinc oxide nanoparticles have been extensively studied and applied in 

various dental materials.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                

Nanomaterials  are used in various dental applications & 

 

� Tissue regeneration 

� Reinforcement of polymeric composites 

� Endodontics application 

� Implants as coatings. 
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CHAPTER 8 

 NANOMETALS AS ANTIMICROBIALS   IN    

DENTAL MATERIALS 
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MATERIAL ASPECTS 

Dental health care standards has been enhanced due to the development of newer nano-

biomaterials and also by changing the properties of the existing materials.  

 

 These promising materials will find wider dental applications with improved therapeutic 

application. 

 

 Impression Materials- 

 

Dental impressions form vital part of all specialities of dentistry. The most commonly used 

impression material in dentistry is the hydrocolloid alginate impression material. Impressions 

get contaminated with saliva as well as blood during clinical procedures and there are chances 

of cross infection. The incorporation of different antimicrobial agents into impression materials 

could be effective in decreasing cross-infection. 

Alginate powder can be incorporated into water containing silver hydrosol to provide an 

antimicrobial effect, which will prevent the contamination of stone cast from the infected 

impression.32,33 Wangchuk et al, in their study, evaluated the in vitro antimicrobial efficacy of 

silver nanoparticles incorporated to alginate against Staphylococcus aureus. According to this 

study, silver nanoparticles (AgZrPO4) at different concentrations added to the powder of 

impression material showed inhibitory effect against pathogenic bacteria.34 
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 Dental cements-  

Dental cements play a key role in restorations as well as cementation of crowns and 

bridges. So antimicrobial activity of dental cements  has become an important criteria, 

to prevent the pathogenic microorganisms from gaining access to the cavity or the 

prepared tooth after cementation. The antibacterial activity of the dental luting cements 

is important considering the microleakage after cementation.Considering this, studies 

were carried on the efficacy of nanometals in inhibiting microorganisms. Silver 

nanoparticles show good antimicrobial activity,which is mainly due to the release rate 

of silver ions. These reactive ions act on the bacterial cell wall and results in the 

structural changes by binding to the tissue protein and causing cell death. Magalhaeces 

et al in their study,35 incorporated silver nanoparticles into glass ionomer cement, 

endodontic cement and resin cement and the antimicrobial activity against S. mutans 

was studied. These  cements doped with silver nanoparticles presented significant 

antimicrobial properties compared to cements without nanoparticles. 

 

Glass ionomer-containing TiO2 naoparticles possessed antibacterial activity against 

S.mutans in contrast to the unmodified glass ionomer.36 A study evaluating the 

antibacterial activity of zinc oxide nanoparticles incorporated self cured GIC and light 

cured resin reinforced GIC on S.mutans biofilms, concluded that ZnO nanoparticles 

incorporated into GIC, at concentrations of 1% and 2% by weight did not help in their 

antibacterial action.37 
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Dental Composites- 

 

The resin based dental composites are commonly used  in  dental restorations due to 

their aesthetic superiority and strong bonding ability and strength . Plaque 

accumulations on these materials can cause recurrent caries and ultimately failure of 

restorations. Silver and titanium particles were incorporated into dental composites to 

provide antimicrobial properties as well as to improve the biocompatibility. To reduce 

the biofilm accumulation over composite, antimicrobial restorative materials have been 

developed by the incorporation of silver nanoparticles to composite resins. Cheng et al 

reported that silver nanoparticles incorporation into composite resins enabled good 

mechanical properties along with notable antimicrobial effect,at lower concentrations.38 

Reham et al evaluated antimicrobial efficacy of ZnO nanoparticles incorporated into 

resin composites against organisms causing caries and the results show 85% reduction 

in growth of different kinds of bacteria which tested under study.39 In a study conducted 

by Shahin Kasraei et al, antibacterial properties of composite resins with zinc oxide and 

silver nanoparticles concluded that it can inhibit the growth of S.mutans and 

Lactobacillus. 40 

Light cured flowable composite resin material can function as an effective antimicrobial 

by adding silver hydrosol. This silver hydrosol that gets leached from the composite 

resin matrix can help to decrease the incidence of dental caries.41Such studies showing 

antimicrobial properties of silver nanoparticles-containing composite resin might 

reduce the development of secondary or recurrent caries by reducing the bacterial 

biofilm formation on the teeth and thereby increasing the longevity of the restorations. 
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Endodontic materials- 

 

Guttapercha- 

Success of endodontic care is connected to the bacterial elimination, to a large extent. Many 

materials have been used as root canal fillings, among which gutta-percha being the most 

widely used. The zinc oxide component present in gutta-percha makes it have its own 

antimicrobial property. Iranian researchers, Dianat and Ataie had introduced nanosilver-gutta-

percha, to enhance the antibacterial effectiveness of gutta-percha. The new material 

demonstrated significant antimicrobial effect against Enterococcusfaecalis,Staphylococcus 

aureus, Candida albicans, and Escherichia coli.42 

 

Mineral trioxide aggregate (MTA)-  

 

Mineral trioxide aggregate is a well-known dental root repair material. MTA is used for an 

apical plug formation during apexification, in case of any root perforations during root canal 

treatment and in cases of internal root resorption. Also used as root-end filling material and 

pulp capping material. Samiei et al modified MTA by incorporating silver nanoparticles and it 

was found to act against oral bacteria and fungi species. They concluded that a group-

containing MTA possesses higher antimicrobial action compared to unmodified MTA.43 

Eventhough AgNP is a potent antimicrobial, there are only a few studies incorporating it in 

endodontic materials.  
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Dental adhesives- 

 

 Dental adhesives are materials which help in the adhesion and cohesion of two different 

materials or between material and natural teeth. Li et al, in their study incorporated silver 

nanoparticles (AgNPs) to an adhesive system inorder to evaluate the bacterial inhibition. 

According to their results, AgNPs reduced Colony forming units (CFU) number and lactic acid 

production on biofilms suggesting their antibacterial potential.44 

Melo et al in their study evaluated antimicrobial efficacy by incorporating silver nanoparticles 

to an adhesive system and results showed a reduced metabolic activity on biofilm, compared 

to control group without AgNPs.45Mahshid S et al, studied the effect of adding zinc oxide 

nanoparticles to dental adhesives on their antimicrobial activity and bond strength. According 

to their results, adding zinc oxide nanoparticles to dental adhesives inhibited the formation of 

Streptococcus mutans colonies, without compromising the bond strength.46 

Acrylic resins- 

 Dentures are fabricated by poly (methyl methacrylate) (PMMA) acrylic resin. Various factors 

can contribute to the roughness of their inner surface which can act as a niche for 

microbial(Candida species) colonization, which can cause denture stomatitis in denture 

wearers.47  Due to the smaller size, silver nanoparticles possess greater dispersion in PMMA 

matrix and produce larger area for oxidation. The release of silver ions act by rupturing the cell 

wall and denaturating the protein and ultimately leading to microbial death, thus explaining the 

antimicrobial action and effectiveness of silver nanoparticles. 

Acosta-Torres et al in their research observed that PMMA- AgNPs specimens showed  less 

Candida albicans adherence compared to unmodified PMMA , thus reporting the antifungical 

potential of AgNPs incorporated to acrylic resin.48 
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Tissue conditioners or Soft liners-  

Tissue conditioners are used in denture patients who present inflamed or abused mucosa and 

getting them back to normal health. It is mainly used to aid in the treatment of chronic soreness 

caused by dentures. Tissue conditioners are susceptible to microbial colonization. Many studies 

were conducted by addition of metallic and metallic oxides in tissue conditioners to study its 

antimicrobial activity.Nam in his study,  incorporated AgNPs into a commercial tissue 

conditioner, in the following concentrations: 0.1%, 0.5%, 1.0%, 2.0%, and 3.0%. Their 

inhibitory effect was evaluated against Staphylococcus aureus, Streptococcus mutans, 

andCandida albicans. He reported that the modified tissue conditioner presented antimicrobial 

properties even at lower concentrations, that is, 0.1% (for S. mutans and S. aureus) and 0.5% 

(for C. albicans).49 
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  CHAPTER 9 

NANOMETALS AS ANTIMICROBIALS 

IN IMPLANT DENTISTRY  
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Dental implants have become an integral part of reconstructive dentistry. Bacterial invasion 

can occur during surgery or post operatively. Infection being one of the most important 

complications in Implantology, various measures have been considered inorder to avoid 

bacterial contamination. Nanotechnology is increasingly used for the surface modifications of 

dental implants.  

It has been reported in various literatures that titanium dioxide nanoparticles coating on 

titanium implants can increase antimicrobial efficacy of implants. Singaravel et al in their 

study,evaluated the antifungal effect of titanium, zirconium and aluminium nanoparticles  

coated titanium oxide plates. Titanium oxide nanoparticles coated titanium plates showed 

greater antifungal effect against Candida albicans, compared to zirconium oxide and 

aluminium oxide.50 

Flores et al suggested that incorporation of silver nanoparticles on titanium implants as a 

method to guard implant surface against the pathogen. And they also reported that silver 

nanoparticles showed bactericidal action at lesser concentration which does not interfere with 

the osseointegration process.51 

Zhao et al in their study, incorporated silver nanoparticles into titania nanotubes (TiO2-NTs) 

on Ti implants. The antibacterial effect against Staphylococcus aureus was evaluated. 

According to this study, Ti implants incorporated with silver nanoparticles showed its ability 

to prevent bacterial adhesion for a time period of 1 month.52 

Zhang et al,in their study coated TiO2 implants by silver nanoparticles using Micro Arc 

Oxidation(MAO)  and their results showed enhanced antimicrobial activity which was 

attributed to the interation between silver nanocrystals and bacterial cell membrane.53A study 

conducted by Xiaojing He et al suggested that the Micro Arc Oxidation (MAO) technique 

effectively introduces inorganic antibacterial  metals(eg:Ag,Cu,Zn) into biomedical implants, 

thus successfully solving the issue of periimplant infection. Flores et al studied the antibacterial 
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activity of silver nanoparticles (AgNPs) against Pseudomonas aeruginosa and suggested that 

the incorporation of AgNPs on Ti implants as an effective approach to guard the surface of 

implants against microbial colonization.54 

  Miguel A et al, studied antimicrobial activity of metal oxide nanoparticles against pathogens 

causing periimplantitis. In their study they considered six metal (Ag) and metal oxides [cuprous 

oxide (Cu2O), cupric oxide (CuO), zinc oxide (ZnO), titanium dioxide (TiO2), tungsten oxide 

(WO3)] and two of their composites[(Ag+CuO), (Ag+ZnO)] against bacterial pathogens. The 

antimicrobial activity of the nanoparticles tested showed silver showing the most and tungsten 

oxide the least antimicrobial effect. And they suggested that composites of nanoparticles should 

also be considered as antimicrobial agents. In this study, bacteriostatic activity showed by the 

composites were greater than that of nanoparticles alone.55 

 

 

 

 

 

 

 

 

 

                                         

 

                                                  

 

 



��������	
���	������	����

�

������ � � � �
�

 

 

 

 

 

 

 

 

 

 

 

 

 CHAPTER 10 

NANOMETALS AS ANTIMICROBIALS 

IN MAXILLOFACIAL PROSTHETIC 

MATERIALS 
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MAXILLOFACIAL PROSTHESIS 

Maxillofacial deformities ������'���
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������� �
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family and social life. Maxillofacial prostheses repairs and replaces artificially the lost or 

missing parts in the maxillofacial region. Maxillofacial prosthesis has a crucial role on the 

������� �
self-confidence and quality of life, as it s an instant corrective way that can help the 

patient get back to his normal social life.   

Maxillofacial reconstruction involves using artificial substitutes for intraoral as well as 

extraoral parts like eyes, ears, nose, cranial bones, jaw bones etc. A variety of materials, 

procedures and clinical approaches are used in maxillofacial prosthetic reconstruction. 

Maxillofacial prostheses are basically fabricated of acrylic resin or silicone based on the facial 

structure of the patient in need. These prostheses are retained by various types of retentive 

mechanism like anatomic, mechanical and chemical.  

Maxillofacial prosthesis can be classified as restorative or complementary. In these, restorative 

prostheses substitute for repair deformities of facial contour or for bone loss. They can be either 

internal within the tissue or external like oral, ocular or facial prostheses. Whereas, the 

complementary prostheses help with plastic surgery, during pre, trans or post operative time 

frame or in radiotherapy sessions. Maxillofacial prostheses are more prone for contamination 

and thereby can cause infections.  

Maxillofacial prostheses fabricated from silicone material are more prone to fungal infection 

caused by Candida albicans. Coating silicone materials with silver nanoparticles could be 

advantageous to the patients using maxillofacial prostheses, to prevent or reduce fungal 

infection. Silver nanoparticles have been incorporated in maxillofacial prosthesis and it showed 

reduced adherence of candida albicans to maxillofacial prosthesis surface.56 
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CHAPTER 11 

A NOTE ON CYTOTOXICITY 
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 A NOTE ON CYTOTOXICITY OF METAL AND METALLIC OXIDE 

NANOPARTICLES 

Mechanism behind the toxicology of nanomaterials and their hazardness extent are still 

unknown. The toxic effects they pose can be attributed to various factors.  The generation of 

ROS is considered the main determinant for both their in vitro and in vivo cytotoxicity.57 Many 

cellular events are driven by low levels of ROS. An increase beyond certain limits lead to 

oxidative stress causing cell death via oxidation.57 

 Nanoparticles of Ag, ZnO, and TiO2, show moderate to high levels of cytotoxicity against a 

variety of animal cells. In addition, some nanoparticles like SiO2, Au, Fe2O3, and TiO2 have 

shown good biocompatible properties. This cytotoxic nature of nanoparticles has been 

converted into biocompatible materials by introducing slight changes in their surface structural 

features. Nanoparticles have a wider level of biological properties that are dependent upon their 

structure, size, quantity and receptor cell type.  
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 CHAPTER 12 

 ADVANTAGES AND DISADVANTAGES OF 

NANODENTISTRY 
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ADVANTAGES 

Advantages of nano-dentistry include  

- Superior flexural strength, hardness, translucency, modulus of elasticity and durability 

of nano-dental materials. 

- Faster and apt diagnosis of many oral diseases with small diagnostic machineries. 

- Less treatment time and faster healing 

- Better aesthetics 

- Better treatment outcome 

- Reduced number of visits for the patient  

- More economical 

 

DISADVANTAGES 

Disadvantages of nano-dentistry include  
- Toxicity associated with nanomaterials can affect the humans 

- Ethical issues /social acceptance 
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SUMMARY AND CONCLUSION                        
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Many microorganisms and antimicrobial resistant microorganisms pose a real threat to human 

life. Certain bacterial strains are resistant to the antibiotics now in use and pose a serious public 

health concern. This demands newer materials against such strains, in order to overcome such 

issues. Nanotechnology has been successful in creating many novel bactericidal antimicrobial 

materials and strategies. Advances in the field of nano-structures and nanomaterials with 

suitable properties led to an increase in the making of stable nanoparticles that are capable of 

biomedical applications. Nanoparticles of metals have shown great potential as fungicidal and 

bactericidal agents in treating many medical issues. Applications of metal and metallic oxide 

nanoparticles, and their surface modifications, with good antimicrobial activity in lesser 

concentration locally destroy pathogens, without being toxic. The efficacy of these 

nanoparticles varies with their size, shape, and concentration. As the size of the particle 

reduces, the percentage of atoms on the surface increases, thus enhancing the effectiveness of 

action.  

Different nano- metals and metallic oxides show good biocompatibility as well as antimicrobial 

pathogenic activity against different viral and bacterial species in small measures. These 

nanoparticles of metallic oxides offer extended antimicrobial activity with minimal toxicity. 

Hence metallic oxide nanoparticles might be considered as a new alternative to most of the 

antibiotics and if applied in drug delivery systems in medical and dental field can be a boon to 

the human race, where antibiotic resistant pathogens have aroused to be alarming. More 

researches and application in this field will bring many newer results and advances in different 

fields. 
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717 | Oral health- related quality of life 
(OHRQoL) following clinical interventions of 
odontogenic infection in 3– 8- year- old children: 
A randomised controlled trial

Ema Marlisa Abdul Malek1; Tengku Nurfarhana Nadirah 
Tengku Hamzah1; Zamros Yuzadi Mohd Yusof2; Lily Azura 
Shoaib1

1Paediatric Dentistry and Orthodontics, Faculty of 
Dentistry, University of Malaya, Kuala Lumpur, Malaysia; 
2Community Oral Health and Clinical Prevention, Faculty 
of Dentistry, University of Malaya, Kuala Lumpur, 
Malaysia

Background: This study investigated the changes in oral 
health- related quality of life (OHRQoL) in children aged be-
tween three to eight years presented with localised odonto-
genic infection before and five days after receiving treatment 
with Odontopaste, calcium hydroxide or oral Amoxicillin.
Methods: A single centre randomised control trial of three- 
arms was conducted at the Faculty of Dentistry, University of 
Malaya on 71 children who fulfilled all inclusion criteria. The 
dentition status and severity of dental caries were recorded 
using ICDAS II and PUFA/pufa index. A self- administered 
questionnaire comprising the Malay- ECOHIS was given to 
parents at the baseline and follow- up visit on day 5. Children 
with parents who completed both sets of questionnaires were 
included in the final analysis.
Results: The recruitment rate of this study was 65.7% with a 
high completion rate of 98.6%. Majority of the parents reported 
a negative impact on their child’s QoL before receiving treat-
ment. Only 21.4% of parents reported good QoL for Malay- 
ECOHIS, with the majority of parents reporting low negative 
impact after their children received the treatment. The decrease 
in the mean score of the Malay- ECOHIS in the Odontopaste 
group had an effect size of 0.6, with the study’s power being 0.8.
Conclusions: The result showed there was no significant dif-
ference in the decrement between treatment groups over time 
(P = 0.05). There was no significant difference in OHRQoL 
with different treatment modes. Future multi- centred studies 
including rural areas are recommended for better representa-
tion of the paediatric population.
Funding: University of Malaya Research Grant (Grant No.: 
RP053C- 17HTM)

1334 | Remineralization ability of self- 
assembling peptide (P11- 4) on early enamel 
carious lesions: A review of the literature

Damla Akşit Bıçak; Yelda Koç
Pediatric Dentistry, Near East University, Nicosia, Mersin 
10, Turkey

Background: Dental caries, which is a serious public health 
problem, is one of the most common chronic diseases in 
childhood. Prevention begins with appropriate nutrition and 
brushing habits and is maintained with the aid of remineraliz-
ing agents. In order to find better solutions for caries preven-
tion, the necessity to develop new materials that are safe and 
effective has gained importance. In this review, we aimed to 
summarize the ability of self- assembling peptides as a remin-
eralization agent by evaluating previous in  vitro studies.
Literature Review: Self- assembling peptide (P11- 4) mimics 
the enamel matrix proteins and accumulates in the enamel 
lesions by forming a biomimetic matrix to form hydroxyapa-
tite within the sub- surface body of the initial enamel le-
sion. Unlike traditional remineralization agents, it creates a 
3- dimensional scaffold that allows ions to precipitate within 
the subsurface carious lesion. Through this formed scaffold, 
it acts as a mineral deposition core for hydroxyapatite, which 
promotes tissue regeneration. In the vast majority of in  vitro 
studies, the remineralization potential of self- assembling 
peptide (P11- 4) was found to be better when compared with 
other remineralization agents such as CPP- ACP, CPP- ACFP, 
TCP, fluoride, bioactive glass and silver diamine fluoride. 
Furthermore, the combined use of P11- 4 with other agents 
increases the remineralization efficacy. Today, P11- 4 is 
marketed under the trade name Curodont (Credentis AG, 
Windisch, Switzerland).
Conclusion: P11- 4 can be accepted as an effective, biocom-
patible and preferable agent in the remineralization of early 
enamel caries lesions. With its non- invasive regeneration po-
tential, it provides more benefits from long- term reminerali-
zation regimens.



   | 87ABSTRACT

1199 | Early childhood caries in infants and 
the relation with feeding practices and milk 
formula cariogenicity

Ola Al- Batayneh; Yara Tibi
Preventive Dentistry, Jordan University of Science and 
Technology, Irbid, Jordan

Background: Early Childhood Caries (ECC) is related to 
feeding practices. Our objective was to report ECC preva-
lence and risk factors, and measure associations between 
feeding habits and cariogenicity of different milk formulas 
with ECC.
Methods: Children younger than 48 months- old from Jordan 
were included. A questionnaire was applied to the parents 
and a clinical examination was performed; dental caries 
(dmft/dmfs) was recorded, and saliva- pH was measured be-
fore and 10- minutes after milk- formula consumption using 
Saliva- Check BUFFER (GC America®). Laboratory analy-
sis of sugar, calcium, phosphate, casein, and fluoride con-
tent of 7 different milk- formula brands was conducted using 
High- Performance- Liquid- Chromatography. Data was ana-
lyzed using SPSS. Significance was set at P 0.05.
Results: Two hundred one (201) children (mean age 
24.4 ± 9.9 months) were included. Most consumed Bebelac® 
(40%) and Nido® (37%). Mean dmft and dmfs scores were 
0.4  ±  1.1 and 0.4  ±  1.4, respectively. Saliva pH signifi-
cantly dropped after milk- formula consumption. The high-
est fructose, glucose, sucrose and maltose levels were in 
Similac®3, Bebelac®3, Similac®2 and Nido®2, respec-
tively. Meanwhile, the highest levels of calcium, phosphate, 
casein and fluoride were in Nido®, Similac®3, Bebelac®3, 
and Nido®. ECC was significantly associated with older age, 
lower maternal education and nursing habits. Subjects who 
were fed Nido®2 had higher probability of having ECC com-
pared with other milk formulas. Correlation between dmft 
and dmfs scores with drop in saliva pH and milk formulas 
was not significant.
Conclusions: ECC was associated with older age, lower ma-
ternal education and nursing habits. Higher sugar content in 
milk formulas did not have a significant correlation with dmft 
and dmfs scores. These results can be used to increase aware-
ness, prevention, and management efforts against ECC.

651 | The association of early childhood 
caries with salivary antimicrobial peptide 
(LL37) and mutans streptococci bacteria

Manal Almoudi1; Alaa Hussein1; Mohamed Ibrahim Abu 
Hassan2; Bahruddin Saripudin3; Mohd Shawal Mohammad4

1Centre of Paediatric Dentistry and Orthodontics Studies, 
Faculty of Dentistry, Universiti Teknologi Mara, Sg. Buloh, 
Selangor, Malaysia; 2Centre of Restorative Dentistry 
Studies, Faculty of Dentistry, Universiti Teknologi 
MARA, Sg. Buloh, Selangor, Malaysia; 3Department of 
Paediatric Dentistry, Hospital Tengku Ampuan Rahimah 
Klang, Klang, Selangor, Malaysia; 4Centre of Oral and 
Maxillofacial Surgery Studies, Faculty of Dentistry, 
Universiti Teknologi MARA, Sg. Buloh, Selangor, Malaysia

Background: Salivary LL37 is an essential innate immunity 
component that plays an important role in maintaining oral 
health. This study aimed to determine if salivary LL37 level 
and mutans streptococci levels were related to early child-
hood caries (ECC).
Methods: A case- control study was carried out on children 
aged ≤71 months old. Unstimulated whole saliva were col-
lected. Salivary LL37 level was measured by enzyme linked 
immunosorbent assay kit. Mutans streptococci oral bacteria 
were isolated and identified using a modified SB- 20 culture 
medium (SB- 20M). Data were analyzed with descriptive sta-
tistics, bivariate and Spearman’s rank correlation analysis.
Results: Salivary LL37 level showed a great variability among 
children. Its level was significantly associated with children’s 
age and races. The median (IQR) value of salivary LL37 of 
caries free (CF) children was significantly higher 393.50 
(580.55) ng/mL compared to 172.50 (234.65) ng/mL in ECC 
group. ECC children exhibited significantly higher count of 
S. mutans and S. sobrinus compared to CF children, with an 
inverse weak correlation between salivary LL37 and dmft.
Conclusions: ECC children exhibited lower salivary LL37 
level and higher count of S. mutans and S. sobrinus compared 
to CF children. These findings supported the protective role 
of salivary LL37 against dental caries. Further studies are re-
quired to explore the definite relation between salivary LL37 
levels and dental caries.



88 |   ABSTRACT

688 | Smart Burs: A Review of Literature

Dharanshi Amlani1; Devendra Nagpal2

1Department of Pediatrics and preventive Dentistry, 
VSPM Dental College and Research Centre, Nagpur, 
Maharashtra, India; 2Department of Pediatric and 
Preventive Dentistry, VSPM Dental College and Research 
Centre, India, Maharashtra, India

Background: Dental caries is a multifactorial, infectious dis-
ease that contributes to the burden of oral disease globally. 
Over the last few decades, the management of dental caries 
has evolved from the paradigm of "extension for prevention" 
to "prevention of extension" following extensive research in 
cariology and material sciences. In this ultraconservative era 
of dentistry, caries removal by smart burs has been a new leaf 
for caries excavation.
Literature review: Smart burs also described as (dentin 
safe) are paddled- shaped polymer rotary burs, made up of 
polyether- ketone- ketone. The hardness of Smart Bur (50 
KHN) is higher than infected dentin (15– 20 KHN) and less 
than healthy dentin (68 KHN), which allows it to selec-
tively cut the infected dentin, leaving behind affected dentin 
intact due to which fewer chances of odontoblasts are ex-
posed thereby minimizing pain and sensitivity. It rotates at 
the speed of 500– 800 rpm. It is developed on the basis of 
the differential hardness of carious and sound dentin. Smart 
bur dulls and vibrates when in contact with healthy calcified 
tooth structure. The burs being indicated for single- use also 
helps in minimizing cross- infection. Few drawbacks of these 
burs are the clinician`s belief in newer techniques, cost, and 
time factor.
Conclusion: Smart burs are found to be effective as com-
pared to carbide burs in the removal of carious teeth. Hence 
should be employed in day- to- day practice based on advanced 
research. Further long- term clinical studies are recommended 
comparing smart burs with high- speed drills.

1945 | Anticariogenic and remineralising 
potential of plant extracts in white spot lesion: 
A review of literature

Sankar Annamalai
Department of Pediatric & Preventive Dentistry, Sree 
Anjaneya Institute of Dental Sciences, Kozhikhode, Kerala, 
India

Background: Enamel is the outermost covering of the tooth 
which lacks the functional capacity to regenerate and predis-
posed to numerous challenges in the oral cavity. Any drop in 
pH below the critical value results in enamel demineraliza-
tion. This denotes the caries initiation with subsurface mineral 

loss and relatively intact superficial layer appearing as white 
spots. Fluoride is a proven agent for caries prevention but 
excessive use may cause dental fluorosis. So, there is a need 
for alternative options that are safe, effective and economical. 
Also, there is an increase in interest among both the general 
people and researchers, to explore the possibility of using the 
traditional systems of medicine which depends on the use of 
plants and herbal extracts for its therapeutic measures.
Literature review: Extracts of cocoa bean (Theobroma 
coca), galla chinensis (Rhus chinensis), ginger rhizome 
(Zingiber officinale Roscoe, Zingiberacae), rosemary 
(Rosmarinus officinalis L., Lamiaceae), Grape seed, Moringa 
species, have been used for medicinal purpose for centuries. 
Moreover, they are natural materials, showing no toxicity, 
and are considered ‘generally recognized as safe’ (GRAS) by 
the US Food and Drug Administration (FDA). In particular, 
their pungent oil components arbor a series of polyphenolic 
ketones with many pharmacological activities. Their antimi-
crobial effects on cariogenic pathogens and remineralization 
potential have been reported in many studies
Conclusion: The plant- based phytochemicals and biofla-
vonoids could find greater acceptability among the general 
public compared to the fluoride- based systems for prevention 
and remineralization of white spot lesion.

1041 | ECC Risk Factors Assessment in 
Belarus

Anna Antonenka; Natallia Shakavets
Department of Pediatric Dentistry, Belarusian State 
Medical University, Minsk, Belarus

Background: ECC is a risk- specific disease, depend on ex-
posure to causative factors: prolonged breastfeeding, early 
introduction of free sugars, high- frequency intake of free 
sugars and fluoridated toothpaste use.
Methods: 393 children (1– 6 years) were examined according 
to a new protocol for ECC Diagnosis and Risk Assessment 
(2018) by four calibrated dentists (kappa = 0.95) in Minsk, 
Minsk and Brest regions. Children were divided in 5 groups: 
12– 23 months (n = 55), 24– 35 months (n = 77), 36– 47 months 
(n = 93), 48– 59 months (n = 77), 60– 71 months (n = 91). 
Parents answered the questions from Protocol. Regional 
Ethics Committee approval and parental informed consents 
were obtained. The results were analyzed statistically.
Results: The mean ECC1- 3mft was noted for children that 
were breastfed beyond 12 months, was 4.98 (3.72), which is 
almost one unit more (4.00 (4.33) than in children whose par-
ents stopped it before one year. The ECC1 (initial lesions) of 
children under 12 months exposed to free sugars was 2 times 
more (1.29 (3.43)) than mean level of its indicator in those 
who were not exposed to it -  0.67 (1.50). The highest level of 
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mean ECC1- 3mft and ECC1- 3mfs have children with high- 
frequency intake of free sugars –  5.15 (4.46) and 8.56 (10.22) 
accordingly. The mean ECC1 of children whose parents used 
F- toothpaste was almost 30% less (1.00 (1.69)) than those, 
who use F- free toothpaste (1.40 (2.04)).
Conclusions: Critical ECC1 factors were early exposure 
and high- frequency intake to free sugars and usage of F- 
toothpaste. Dentists should promote hygienic oral care using 
fluoride- containing toothpaste as well as the regimen of free 
sugars consumption.

1294 | Effect of a dual nanocarrier of 
chlorhexidine and fluconazole on salivary 
microcosm biofilms

Heitor Araujo1; Anne Caroline Cadeirão2; Bruna Hetch 
Mariano3; Juliano Peliim Pessan1; Douglas Roberto 
Monteiro2

1Department of Preventive and Restorative Dentistry, 
School of Dentistry, Araçatuba, São Paulo State University 
(UNESP), Araçatuba, São Paulo, Brazil; 2Graduate 
Program in Dentistry (GPD- Master's Degree), University of 
Western São Paulo (UNOESTE), Presidente Prudente, São 
Paulo, Brazil; 3School of Dentistry, Presidente Prudente, 
University of Western São Paulo (UNOESTE), Presidente 
Prudente, São Paulo, Brazil

Background: The resistance of acidogenic microorganisms 
associated with dental caries has led to the use of nanocarri-
ers as an alternative therapy. The study evaluated the effect 
of a dual nanocarrier of chlorhexidine (CHX) and flucona-
zole (FLZ) on the lactic acid (LAc) production and number 
of Streptococcus mutans and Lactobacillus spp. in salivary 
microcosm biofilms.
Methods: Iron oxide nanoparticles (IONPs) coated with chi-
tosan (CS) were loaded with different concentrations of CHX 
(39, 78 and 156 µg/mL) and FLZ (156, 312 and 624 µg/mL). 
The inoculum for biofilm formation was pooled saliva from 
two healthy volunteers. Biofilms were formed for 72 h on 
the Amsterdam Active Attachment model and treated for 24 
h with the nanocarrier IONPS- CS- CHX- FLZ. IONPs (218.4 
µg/mL), CS (218.4 µg/mL) and CHX- FLZ (156– 624 µg/mL) 
were tested as controls, while the untreated biofilm was the 
negative control (NC). The antibiofilm effect was assessed 
by enumeration of colony- forming units (CFUs) and enzy-
matic analysis of LAc production. Data were analyzed by 
one- way ANOVA and Fisher LSD’s test (α = 0.05).
Results: IONPs- CS- CHX156- FLZ624 was the most effec-
tive treatment in reducing CFUs, overcoming the effect pro-
moted by all other compounds, regardless of the microbial 
species evaluated. All compounds tested also significantly 
reduced the production of LAc compared to NC, and the 

nanocarrier did not differ statistically from the compound 
CHX- FLZ.
Conclusion: The nanocarrier IONPs- CS- CHX- FLZ can be 
a promising alternative in the control of cariogenic biofilms.
Funding: This research was funded by, São Paulo Research 
Foundation (FAPESP, Grant number 2017/24416- 2), and 
CAPES, Finance Code 001.

1001 | Egg- cartons as simulated teeth 
models for teaching tooth brushing to pre- 
school children: A randomised control trial

Ankita Arora1; Lee Yen Hui2; Lee Chew Sze2; Teoh Yee 
Sing2; Htoo Kyaw Soe3

1Pediatric Dentistry, Faculty of Dentistry, Manipal 
University College Malaysia, Melaka, Malaysia; 2Faculty 
of Dentistry, Manipal University College Malaysia, 
Melaka, Malaysia; 3Community Medicine, Faculty of 
Medicine, Manipal University College Malaysia, Melaka, 
Malaysia

Background: Tooth brushing should be taught to pre- school 
children based on their cognitive and psychomotor skills fo-
cusing on imparting knowledge along with developing skills. 
Enabling pre- school children into efficient oral hygiene not 
only protects them from ECC but also builds fundamental 
attitude of maintaining oral health for life.
Methods: A randomized controlled trial was conducted to 
teach tooth brushing to pre- school children based on a novel 
method using egg cartons. Tooth brushing technique was 
taught to a total of sixty pre- school children (Age -  4 to 6 
years) using either of the methods: (i) demonstrated by using 
study model [Conventional method, n = 30] (ii) involvement 
of a group of children in hands on activity on egg- cartons as 
simulated teeth models [Novel method, n = 30]. The technique 
of teaching tooth brushing was randomized. Measurement of 
plaque index was done as per Silness and Loe Plaque –  index, 
before and after 3 weeks of the teaching session by assessors 
who were blinded to the type of teaching method.
Results: Dependent t- test was used to compare plaque scores 
which showed there is a significant reduction in plaque score 
in both groups after the teaching sessions (P.01 for both 
methods). However, when comparing improvement between 
these two teaching methods by independent t- test, the result 
showed an insignificant difference (P.01).
Conclusions: The novel method based on `activity- based 
learning` using egg- cartons as simulated teeth models is 
as effective as the conventional approach in teaching tooth 
brushing to the pre- school children.
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333 | Multidisciplinary and early approach 
to RT1 gingival recession in a 13- year- old 
young patient: A clinical case report

Ricardo Arraes3; Nara Sena1; Diana Feitosa4;  
Ginna Gonçalves4; Karla Cabral2; Daniela Pinto4;  
Naiany Peixoto4

1Post- Graduation Program, Universidade Federal 
Do Ceará, Fortaleza, Ceara, Brazil; 2Odontologia, 
Universidade De Fortaleza, Fortaleza, Ceara, Brazil; 
3Post- Graduation Program, Universidade De São Paulo, 
Bauru, São Paulo, Brazil; 4Odontopediatria, Academia 
Cearense De Odontologia, Fortaleza, Ceara, Brazil

Introduction: The period between childhood and late ado-
lescence reserves a series of physiological events that can 
influence the periodontium. Gingival recession is a multi-
factorial and a common mucogingival defect with advanc-
ing adulthood, however, its presence and forms of treatment 
during childhood and adolescence is not widely discussed in 
the literature
Case report: This case report describes a 13- year- old adoles-
cent medically fit and well child with no previous history of 
orthodontic treatment. The intraoral exam revealed class RT1 
gingival recessions on the two upper canines associated with 
muscle fibers inserted close to the gingival margins of the 
defects and a large enamel projection on the cemento- enamel 
junction region of tooth 13. The treatment was carried out 
in a multidisciplinary approach, combining surgical removal 
of muscle fibers close to the recession area, adjustments of 
canine guides and periodic plaque control through basic peri-
odontal therapy. An improvement in the depth of recession in 
both affected areas was observed after 8 months of follow- up
Discussion: Gingivitis together with anatomical factors such 
as muscle fiber insertions close to the gingival margin, thin 
scalloped periodontal phenotype and enamel projection in the 
cementoenamel junction may have provided a condition for 
the development of recession with a strong association with 
the period of complete eruption of canines.
Conclusion: The early diagnosis of gingival recessions as 
well as the treatment directed to the associated local factors 
allowed an improvement, even if a root covering intervention 
may become necessary in the future.

1472 | Hormonal fingerprint –  A potential 
anatomic biomarker for predicting caries 
susceptibility: A review of literature

Gurneet Aujla
Department of Pediatric & Preventive Dentistry, National 
Dental College & Hospital, Dera Bassi, S.A.S Nagar, 
Punjab, India

Background: Hormonal fingerprint (2D:4D ratio) is the ratio 
between second and fourth digit length. It is being used as a 
biological marker for prediction and diagnosis of many met-
abolic disorders like coronary heart disease and autism. In 
dentistry, it is being used as a potential screening tool for the 
early diagnosis of dental caries.
Literature Review: The ratio of lengths of second to fourth 
digits is a sexually dimorphic trait. Researchers have noticed 
that men’s ring finger was relatively longer than the index 
finger, i.e., low digit ratio, while in females it was more likely 
to show the opposite pattern. Sexual dimorphism concerning 
the 2D:4D digit ratio is thought to be influenced by prenatal 
sex hormones. High prenatal androgens may produce a low 
digit ratio. The sex and individual differences in the 2D:4D 
emerge in-utero at the beginning of the second trimester. The 
ratio once formed remains almost stable throughout life.
Studies show a strong correlation between low 2D:4D ratio, 
i.e., high prenatal androgen levels, and high caries index. It 
was concluded that hormones have an impact on taste percep-
tion and dietary preferences. The prevalence of individuals 
who like sweets was higher in the low digit ratio category, 
thereby indicating their increased caries susceptibility.
Conclusions: Since the hormonal fingerprint is formed early 
in intrauterine life, it can be used as a tool for predicting car-
ies susceptibility through taste perceptions. This could be a 
breakthrough in neonatal and preventive dentistry to predict 
risk factors and implement new preventive measures.

567 | Revascularization treatment in 
permanent teeth: A case report

Hatice Aydogdu; Merve Bilmez Selen; Sacide Duman
Pediatric Dentistry, Inonu University, Battalgazi, Malatya, 
Turkey

Introduction: Regenerative endodontics aims to replace ne-
crotic pulp tissues with regenerated pulp- like tissues to re-
vitalize teeth. Revascularization therapy is indicated to for 
induce apical barrier formation in teeth with open apex.
Case Report: A 9- year- old female patient was admitted 
to the clinic with the complaint of pain caused by biting in 
her left upper lateral tooth. It was learned that the tooth was 
traumatized one year ago. Revascularization treatment was 
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planned for the tooth with an open apex, which was clini-
cally asymptomatic and no pathology was observed on radio-
graphic examination. In the first session of the patient`s tooth, 
the canal length was determined by opening the access cavity 
under local anesthesia. After irrigation with NaOCl, serum, 
CHX a double antibiotic paste was placed in the canal. When 
the patient arrived two weeks later, after making sure that he 
had no symptoms, the temporary filling was removed and ir-
rigated with serum and EDTA. There was bleeding from the 
root tip, the canal was waited for filling with blood and clot 
formation. Then, the top filling was performed after MTA 
occlusion up to the coronal 1/3 of the root. First month, 6th 
month and 1 year controls of the patient were made.
Discussion: Especially, which has been used recently, is seen 
as a promising new approach this treatment method com-
pared to traditional treatment methods.
Conclusion: Revascularization treatment seems to be effec-
tive for thickening of the canal walls and continuity of root 
development in young permanent teeth with an open apex 
with infected necrotic pulp tissue.

749 | Regeneration with miracle peptide 
SAP P11- 4

Yash Bafna; Dimpal Parmar; Shoba Fernandes;  
Krunal Chokshi; Dharati Patel
Pediatric and Preventive Dentistry, Narsinhbhai Patel 
Dental College and Hospital, Visnagar, Gujarat, India

Background: The initial carious lesions are the so- called 
“white spot” lesions (WSLs), which implies that there is 
a subsurface area with most of the mineral loss beneath a 
relatively intact enamel surface. Various agents are used to 
promote remineralization, newer concept suggests possibility 
of regeneration of these lesions via matrix forming peptides. 
The study compared the effectiveness of Resin Infiltration 
(RI) and Self Assembling Peptide (SAP) p11- 4 (Curodont 
Repair, Credentis AG, Switzerland) on White spot lesions in 
primary teeth with 12 months follow up.
Methods: Following the ethical approval, this Randomized 
Clinical Trial was performed on 60 sites on primary teeth 
including all smooth surface lesions. Children between the 
age group of 4- 10 years selected from Outpatient department 
of pediatric dentistry department. 60 sites were randomly di-
vided into two groups and application of RI and SAP p11- 4 
was performed as per manufacture’s recommendation. All 
the sites were followed up clinically and photographically 
for 6 and 12 months.
Results: At 6 months follow up clinically RI and SAP p11- 4 
were equally effective in regression of WSLs compared to 
baseline and photographically SAP p11- 4 was more effective 
in regression of WSLs compared to baseline. Clinical and 

photographic evaluation at 12 months found SAP p11- 4 was 
more effective in regression of White spot lesions.
Conclusions: At 6 months RI and SAP p11- 4 were equally 
effective. At 12 months follow up SAP p11- 4 was more ef-
fective clinically as well as photographically.

803 | Importance of remineralization of 
non- cavitated carious lesions

Angel Bansal; Varinder Goyal; Tishya Koul;  
Deeksha Sharma; Viveka Jindal
Pediatric and Preventive Dentistry, Guru Nanak Dev 
Dental College and Research Institute, Sunam, Punjab, 
India

Background: Dental caries is a continuous process which 
starts from the level of initial demineralization, progresses 
to non- cavitated white spot lesion and often can cause den-
tinal involvement eventually leading to cavitation. Various 
antibacterial and chemical methods can be used to facilitate 
remineralization and reduce demineralization if dental caries 
detected in early stages. Remineralization can be defined as 
the delivery and deposition into the caries lesion of the min-
eral elements, mostly calcium and phosphate, lost through 
demineralization of the tooth tissue. Thus, this study aims 
to analyze effective treatment strategies to facilitate non- 
operative care of initial caries lesions.
Literature review: Ideal remineralization material should 
diffuse or deliver calcium and phosphate into the lesion or 
boost the remineralization properties of saliva and oral res-
ervoirs without increasing the risk of calculus formation. 
Fluoride is recognised as the main active ingredient in dif-
ferent fluoridated products for remineralization and preven-
tion caries. New treatment strategies either facilitate fluoride 
action, enhance the effect of fluoride by adding other poten-
tially active ingredients to the formulation, such as calcium, 
phosphate, stannous, xylitol, and arginine or work synergis-
tically with fluoride or by creating remineralizing scaffolds 
within the lesions to provide a fuller remineralization of 
lesions.
Conclusions: Newer biomimetic remineralization products 
have the capability to create apatite crystals within com-
pletely demineralized collagen fibers. Preventive approach 
of non- restorative treatment of non cavitated lesion is the 
optimal way of regeneration of lost tooth, saves both dental 
manpower, expense and suffering for the patient.
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853 | Impact of oral health promotion in 
early childhood on caries experience among 
adolescents

Maria Luiza Barucci Araujo; Gabriela Cristina Santin; 
Helena Sandrini Venante; Débora Lopes Salles Scheffel; 
Marina de Lourdes Calvo Fracasso
Department of Dentistry, State University of Maringá, 
Maringá, Paraná, Brazil

Background: Dental caries is the most prevalent chronic 
disease among children. Oral health promotion in childhood 
may impact the development of healthy habits throughout 
life. This study evaluated the impact of preventive educa-
tional strategies implemented in early childhood on the oral 
health of adolescents.
Methods: In phase I of this study, 1,142 dental records 
of children (0– 6 years old) enrolled in a public preventive 
oral health program between 1995– 2016 were analyzed. 
Sociodemographic data, medical history, dietary and oral 
hygiene habits, dmf- t, and patient adherence to the program 
were recorded. Then, the patients were divided into 2 groups: 
children who completed the program, and children who 
dropped out the program. In phase II, the dental records of 
the patients from groups 1 and 2 were searched in the public 
health service database in 2018 and dmf- t and DMF- T col-
lected from the odontograms.
Results: 604 patients (mean age of 13.5 years) remained 
enrolled in the public health service database. 432 patients 
completed the preventive program protocol. Low maternal 
education was associated with high levels of program dropout 
(P = 0.001) as well as low tooth brushing frequency (P = 0.04). 
The child`s non- collaborative behavior during dental treatment 
was associated with program dropout (P = 0.000). Children 
who dropped out of the program presented significantly more 
caries lesions than those who completed the program.
Conclusions: The completion of the preventive oral health 
program in early childhood positively impacted the oral 
health of the patients over the years.

1443 | Effect of vitamin D, copper, selenium 
on the prevention of dental caries in children

Ilham Ben Yelles1,2; Djazia El Yebdri1; Zeyneb Hadjidj2; 
Fouad Oudghiri1; Mourad Aribi2

1Dentistry, Tlemcen University, conservative Odontology, 
Tlemcen, Algeria; 2Tlemcen University, Laboratory of 
Molecular Biology and Immunology, Tlemcen, Algeria

Background: This study highlights the relationship that 
could exist between the intakes in immuno- elements and the 
risk of caries disease in children.

Methods: A 24- hour dietary survey was carried out in 232 
children examined in the dentistry department. The results 
were processed using NUTRILOG_260 software.
Results: The evaluation of the weight status of the chil-
dren showed a significant difference of the body mass index 
(BMI) between the subjects with caries (16.85 ± 0.22) and 
without caries (17.87 ± 0.43). It also showed a significant 
decrease of Vitamin D, copper and selenium intakes in the 
children with caries compared to the subjects without caries 
(for all comparisons, p 0.01).
Conclusions: Dental caries could be prevented in children by 
adequate intake of vitamin D, copper and selenium, elements 
that play a key role in immune defenses against infection.

1453 | Vitamin D, copper and selenium 
induce a high preventive action against dental 
caries risk in children

Ilham Ben Yelles1,2; Djazia EL YEBDRI1; Zeyneb Hadjidj2; 
Warda Meziane2; Fouad Oudghiri1; Mourad Aribi2

1Dentistry , Tlemcen University, Conservative Odontology, 
Tlemcen, Algeria; 2Tlemcen Aboubakr Belkaid University, 
Laboratory of Molecular Biology and Immunology, 
Tlemcen, Algeria

Background: This study has highlighted the relationship that 
could exist between the intakes in immuno- elements and the 
risk of caries disease in children.
Methods: A 24- hour dietary survey was carried out in 232 
children examined in the dentistry department, the results 
were processed using NUTRILOG_260 software;
Results: The evaluation of the weight status of the children re-
vealed a significant difference of the body mass index (BMI) 
between the subjects with caries (16.85 ± 0.22) and without 
caries (17.87  ±  0.43); it also revealed a significantly lower 
Vitamin D, copper and selenium intakes in the children with 
caries compared to the subjects without caries (for all compari-
sons, p 0.01).
Conclusions: Dental caries could be reduced in children by 
adequate intake of vitamin D, copper and selenium, elements 
that play a key role in immune defenses against infection.
Funding: Laboratory of Applied Molecular Biology and 
Immunology, Tlemcen University
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366 | Detection of proximal caries in 
children: A clinical study

Loubna Benkirane; Mouna Hamza; Abdeljalil Hannaoui; 
Amal Chlyah
Pediatric Dentistry, Faculty of dentistry, Casablanca, 
Morocco

Background: The study aimed to determine the prevalence 
of infra- clinical proximal caries in children and to define the 
sensitivity and the specificity of the used diagnostic methods.
Methods: the sample consisted of children who were 
recruited from a private pediatric dentistry practice in 
Casablanca, over a 5 month period. The proximal surfaces 
of the primary molars were examined using an initial clini-
cal examination, periapical radiography, direct visual and 
tactical examination after separation with orthodontic elas-
tics. In addition, the sensitivity and specificity of the meth-
ods were assessed. Statistical analysis was performed using 
SPSS software.
Results: The average patient age was 7.87  ±  1.75 years. 
Of the 391 proximal surfaces found to be healthy at initial 
clinical examination, 22.8% showed enamel radiance and 
5.4% had radiolucency beyond the enamel/dentin junction. 
Of the 286 surfaces with no visible radiographic transpar-
ence, 10% showed an initial lesion on direct visual exami-
nation. Of the 391 proximal surfaces judged to be healthy 
at initial clinical examination, 25.11% had a carious lesion 
beginning with direct visual examination and 6.6% exhib-
ited cavitation.
Conclusion: The main findings showed a clear underestima-
tion of the prevalence of proximal carious lesions when only 
the basic clinical examination is performed. This detection 
of caries will allow us to apply the most appropriate therapy. 
Dentistry tends to become less invasive with the evolution 
of techniques and biomaterials. This minimal dentistry can 
be conceived only after a very early detection of proximal 
lesions.

1266 | Remineralizing agents in pediatric 
dentistry: A review of literature

Anjali Bhagat; Ricky Bansal
Pedodontics, Govt. Dental College & Hospital, Patiala, 
Punjab, India

Background: The purpose of this review is to have an in- 
depth knowledge of the natural phenomenon of enamel 
demineralization and remineralization while discussing the 
clinical relevance of various remineralizing agents aiming to 
treat early carious lesions.

Literature Review: Remineralization is the process where 
demineralized enamel is repaired through the recrystallization 
of tooth enamel mineral salts. Remineralization of early cari-
ous lesions may be possible with a variety of remineralizing 
agents, fluoride being the cornerstone in caries prevention. 
The goal is to manage non cavitated lesions non- invasively 
through remineralization in an attempt to prevent disease 
progression and improve aesthetics, strength, and function.
Conclusions: Understanding the remineralization process al-
lows dentist to treat the carious lesion before cavitation. With 
a clearer understanding of the implementation of remineral-
izing agents and new technologies accessible to dentists, we 
can create a more favorable relationship in which equilibrium 
is positively influenced when fluoride, calcium and phos-
phate ions are added favoring remineralization.

377 | Correlation of caries assessment 
spectrum and treatment (CAST) index with 
ora test to evaluate caries activity in children

Parin Bhanushali; Aishwarya Kamble
Pediatric and Preventive Dentistry, Terna Dental College, 
Mumbai, Maharashtra, India

Background: Dental caries is one of the most commonly seen 
chronic diseases in children. Caries Assessment Spectrum and 
Treatment (CAST) index and Ora test are some of the new in-
novative assessment tools used to estimate caries activity. The 
aim of this study was to evaluate and correlate caries activity 
using CAST and Ora test in 5 to 8 year old children.
Methods: Thirty children aged 5 to 8 years were included in 
the study. Fifteen children in Group A (n = 30) had DMFT/
deft score less than 5 whereas 15 in Group B (n = 30) had 
DMFT/deft score more than 5. All children were initially 
subjected to CAST scoring, which were assessed by one ex-
aminer followed by Ora test performed by another examiner. 
CAST severity scores and time taken for color change in Ora 
test were statistically analysed using Pearson correlation test.
Results: In Ora test, mean time taken for color change was 
118.53 minutes in Group A and 53.33 minutes in Group B, 
whereas CAST severity scores were 3.67 and 15.7 for Group 
A and Group B respectively. Statistically significant nega-
tive linear relation was observed between time taken for color 
change in Ora test and CAST scores. (P = 0.039)
Conclusion: A direct correlation exists between CAST 
scores and Ora test, proving that microbial activity correlates 
well with lesion activity.
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1007 | Revascularizatıon treatment of 
permanent molar tooth with open apex: A case 
report

Merve Bilmez Selen; Hatice Aydogdu; Pınar Demir
Department of Pediatric Dentistry, Inonu University 
Faculty of Dentistry, Battalgazi, Malatya, Turkey

Introductıon: Revascularization is a treatment method that 
aims to provide a vascularization in the root canals of perma-
nent young teeth whose pulp has lost its vitality, and thus, to 
continue root development.
Case Report: A 9- year- old girl presented to the clinic with 
the complaint of vertical percussion pain in the right lower 
first molar tooth. Secondary decay was detected in the tooth. 
Revascularization treatment was planned in the mouth, since 
the apex hadn’t yet closed. In the first session, the canal 
length was determined by opening the access cavity under 
local anesthesia. After make irrigation with NaOCl, serum, 
CHX without extirpating the pulp, a double antibiotic paste 
was placed in the canal. When the patient arrived two weeks 
later, after making sure that he had no symptoms, the tempo-
rary filling was removed and make irrigation with NaOCl, 
serum and EDTA. Bleeding was noted from the apex. Then 
the coronal 1/3 of the root was occluded with MTA. The pa-
tient was given an appointment 1day later for permanent fill-
ing. First month, 3rd month, 6th month and 1 year recall of 
the patient were made.
Discussion: The patient, whose follow- up continues, no 
symptoms and apex closure continues.
Conclusıon: Revascularization treatment seems to be effective 
for thickening of the canal walls and continuity of root devel-
opment in young permanent teeth with an open apex with in-
fected necrotic pulp tissue. However, more studies are needed 
to evaluate its long- term effectiveness and new approaches.

1009 | Prevalence of dental caries in 
premature and term children

Merve Bilmez Selen; Beril Demircan; Pınar Demir
Department of Pediatric Dentistry, Inonu University 
Faculty of Dentistry, Battalgazi, Malatya, Turkey

Background: This study evaluated the prevalence of den-
tal caries and their risk factors on primary dentitions of 
prematurely- born children (37 weeks) and term children.
Methods: Two hundred children were examined, 50 born 
prematurely and 150 born term, in the age group between 
0 and 6 years. The demographic variables, medical history, 
feeding habits and oral health behaviors were recorded on 
a questionnaire. The caries were registered, focusing on de-
cayed, missing, filled primary teeth (dmft).

Results: 55% of the participants were female. While 61.5% 
of them do not brush their teeth regularly; only 15% of them 
brush their teeth twice a day. There was no significant re-
lationship between gender (P = 0.42) and dmft scores. The 
dmft scores of children with premature (P = 0.033) and low 
birth weight (P = 0.017) were significantly higher than the 
term group. A significant relationship was found between so-
cioeconomic level (P = 0.04), feeding bottle use (P = 0.037), 
brushing teeth (P = 0.043) and dmft (p 0.05).
Conclusions: It was concluded that prematurity and low 
birth weight may be predisposing factors in the formation of 
dental caries. More comprehensive studies are needed on this 
subject. Early oral hygiene training should be given to fami-
lies of premature and low birth weight children.

463 | Relationship between the salivary 
concentration of matrix metalloproteinase 8, 20 
and severe early childhood caries

Mina Biria1, Mandana Sattari2; Parastoo Iranparvar1;  
Negin Eslamiamirabadi3; Atieh Ehsani1
1Department of Pediatric Dentistry, Shahid Beheshti 
University of Medical Sciences, Tehran, Iran; 2Department 
of Immunology, Shahid Beheshti University of Medical 
Sciences, Tehran, Iran; 3Department of Dental Sciences, 
McGill university, Montreal, Quebec, Canada

Background: Dental caries is initiated by mineral dissolution 
resulted from bacterial acids and collagen degradation by en-
dogenous proteolytic enzymes, mainly collagenolytic matrix 
metalloproteinases (MMPs). This research aimed to evalu-
ate the relationship between severe early childhood caries 
(S- ECC) and salivary MMP- 8 and MMP- 20 concentrations.
Methods: Fifty children aged 36‒ 60 months were assigned 
into two groups: caries- free (control) and S- ECC. Standard 
clinical examinations were performed, and approximately 
one milliliter of unstimulated whole expectorated saliva was 
collected from all participants. In the S- ECC group, sam-
pling was repeated three months after restorative treatments. 
All samples were analyzed for salivary concentrations of 
MMP- 8 and MMP- 20 using an ELISA assay. T- test, Mann- 
Whitney test, Fisher`s exact test, and Paired T- test were ap-
plied at P = 0.05.
Results: At baseline, subjects in the S- ECC group presented 
with significantly elevated levels of MMP- 8 compared with 
the control group (P  =  0.001); however, salivary concen-
trations of MMP- 20 did not exhibit significant differences 
between the two groups (P  =  0.05). A significant reduc-
tion occurred in levels of MMP- 8 (P = 0.001) and MMP- 20 
(P  =  0.05) after three months following restorative treat-
ments in the S- ECC group.
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Conclusions: Salivary levels of MMP- 8, 20 were signifi-
cantly affected by dental restorative treatments in children, 
implying their potential efficiency as non- invasive diagnostic 
and prognostic indicators.

501 | Comparison of antimicrobial effects of 
stevia rebaudiana extract and xylitol on dental 
biofilm: an in  vitro study

Mina Biria2; Camellia Kianbakht1; Ghassem Ansari2; 
Fahimeh Sadat Tabatabaei3

1Department of Pediatric Dentistry, Mashhad University of 
Medical Sciences, Mashhad, Khorasan, Iran; 2Department 
of Pediatric Dentistry, School of Dentistry, Shahid Beheshti 
University of Medical Sciences, Tehran, Iran; 3Dept. of 
Dental Materials, School of Dentistry, Shahid Beheshti 
University of Medical Sciences, Tehran, Tehran, Iran

Background: This study aimed to assess the antibacterial ef-
fects of xylitol and Stevia rebaudiana (S. rebaudiana) etha-
nolic extract on oral biofilm.
Methods: A total of 96 acrylic discs were divided into two 
main groups for inoculation with Streptococcus mutans (S. 
mutans) and Streptococcus sobrinus (S. sobrinus). Each 
group consisted of 6 subgroups including a positive control 
subgroup and 5 subgroups of discs immersed in 1% or 3% 
xylitol solutions, 2 or 4 mg/mL S. rebaudiana, or a combina-
tion of 3% xylitol and 4 mg/mL S. rebaudiana. After incuba-
tion, the discs were rinsed and transferred to fluid universal 
medium. The solutions were cultured on specific culture 
media and incubated. The colony- forming units (CFUs) were 
counted for each disc. The structure of biofilm in each group 
was evaluated under a scanning electron microscope (SEM).
Results: ANOVA revealed significant differences between 
the subgroups in both S. mutans and S. sobrinus groups 
(P = 0.03 and P = 0.01, respectively). In S. mutans group, 
the logarithmic mean of colony count in the positive control 
subgroup was 6.75 while this value was significantly lower in 
2 mg/mL (5.81) and 4mg/mL (5.92) S. rebaudiana subgroups 
using the post hoc Dunnett`s test (P = 0.01 and P = 0.04, 
respectively). The three other subgroups did not show sig-
nificant differences. In S. sobrinus group, all five experimen-
tal subgroups demonstrated significantly lower colony count 
than the positive control group (P = 0.05).
Conclusions: S. rebaudiana extract appears to be more po-
tent than xylitol against dental biofilm.

1040 | Caries risk assessment in preschool 
children using the “Bangkok Checklist”

Eleftheria Birpou1; Andreas Agouropoulos1;  
Svante Twetman2; Katerina Kavvadia3

1Paediatric Dentistry Department, Dental School, National 
and Kapodistrian University of Athens, Athens, Greece; 
2Department of Odontology, Faculty of Health and 
Medical Sciences, University of Copenhagen, Copenhagen, 
Denmark; 3Division of Paediatric Dentistry, University of 
Louisville School of Dentistry, Louisville, Kentucky, USA

Background: There is no published information for the va-
lidity of the Bangkok checklist (BCL) for early childhood 
caries (ECC) prediction. The aim of the study is to validate 
the Bangkok checklist (BCL) in predicting early childhood 
caries against the actual caries development in a cohort of 
preschool children from low and moderate socioeconomic 
areas and to compare its performance with two established 
risk assessment tools.
Methods: One hundred and forty six children aged 2– 5 yrs 
old, were followed for two years and caries was assed using 
incipient and cavitated lesions. The 2- years caries incre-
ment was recorded by counting the number of surfaces that 
changed from sound to decay during follow ups. Caries risk 
assessment was performed at baseline with three checklists: 
i) BCL, ii) AAPD form (CRAF), and iii) CAMBRA, using 
data derived from questionnaires and clinical examinations. 
Kendall’s tau, Poisson regression models and ROC analysis 
were used to assess the predictive ability (p≤0.05).
Results: Over 50% of the children developed new caries. The 
BCL assigned most of the children (87%) into the high- risk 
category. Sensitivity was 88% but specificity was low (16%). 
The accuracy of the BCL was similar to CRAF, but inferior 
to the CAMBRA tool.
Conclusions: BCL had a limited performance in accurately 
predicting future early childhood caries in this population. 
Furthermore, the proportion of children assessed with BCL 
as having high caries risk was overestimated. Nevertheless, 
the checklist can be used to increase awareness and educate 
caregivers on good oral health behavior.

744 | Can topical silver nitrate arrest dental 
caries? A systematic review

Sakshi Bisen; Harsha Sawant
Pediatric and Preventive Dentistry, V.S.P.M. Dental 
College and Research Centre, Nagpur, Maharashtra, India

Background: The dental problems are initially painless 
but as time progresses; they become chronic and destroy 
the tooth. It therefore essential to make people aware of 
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preventive aspects of oral health so that quality of life can 
be improved. Silver nitrate has strong antibacterial action 
and sodium fluoride has good remineralising properties, 
therefore a combined application of silver nitrate solution 
with sodium fluoride varnish was introduced for managing 
dental caries. Until now, there has been no comprehensive 
systematic review to evaluate the evidence about clinical 
effectiveness of using Silver Nitrate for arresting dental 
caries among children. Thus this systematic review was 
conducted.
Literature review: Databases search was carried out 
from inception to the present for four electronic databases-  
PubMed, Medline, Research Gate, Google scholar, and The 
Cochrane library. 104 publications were found in the ini-
tial search which were in English language and they were 
completely reviewed with respect to their title, abstract, and 
full text. 85 of 104 publications were removed because they 
were either literature reviews, case reports, laboratory stud-
ies or clinical studies on SDF/ NSF or other materials. 15 out 
of remaining 19 publication were excluded due to duplica-
tion. A total of 4 clinical studies were qualitatively analysed 
for caries- arrest.
Conclusion: Biannual application of 25% silver nitrate effec-
tive in arresting dentinal caries in primary teeth and prevent 
recurrence after treatment. It helps to reduce the negative 
impact of established disease (cavity) and also improve the 
quality of life for children with early childhood caries.

1289 | Association between eating behavior 
and caries in a population of children aged 3 to 
9 in the province of Alicante

Carla Borrell García; Esther García Miralles;  
Laura Marqués Martínez
Dentistry, CEU Cardenal Herrera University, Moncada, 
Valencia, Spain

Background: Caries is the most common chronic disease 
of childhood. Much has been studied about the effect of a 
healthy diet on oral health, but little attention has been paid 
to the importance of eating patterns. The objective of this re-
search was to establish the relationship between dental caries 
and eating behavior pattern using the Child Eating Behavior 
questionnaire (CEBQ) in a sample of children.
Methods: A cross- sectional, descriptive study was carried 
out, selecting any boy or girl between 3 and 9 years old who 
attended a dental clinic in the province of Alicante. An oral 
examination to diagnose caries was performed in children 
whose parents signed an informed consent. These parents / 
caregivers were also given the CEBQ to fill out.
Results: Two hundred seventy- six (276) children were 
examined. The mean age of the participants was 86.5 

months. A higher average score was observed in the 
“food- avoidant” dimension in: “demand for food” and 
in the “response to satiety”. A statistically significant 
difference was obtained in the mean values   of the vari-
ables "response to satiety" (P = 0.001) and "slow eating" 
(P = 0.016) of the groups with and without caries. A sta-
tistically significant relationship was also found between 
the “food-  avoidant” variable and the caries and non- 
caries groups (P = 0.003).
Conclusions: The eating behavior pattern in children is a fac-
tor that leads to an increase in infant caries.

1553 | Psychological implications and 
addressability of children in dental practices in 
Romania during the period COVID- 19

Roxana Brisc1; Raluca Lavinia Veltean Corneschi1;  
Magda Luca2; Mălina Popa2

1Pediatric Dentistry, Municipal Emergency Clinical 
Hospital, Timișoara, Romania; 2Pediatric Dentistry, 
Faculty of Dental Medicine "Victor Babes", University of 
Medicine and Pharmacy, Timișoara, Romania

Background: The study examined the psychological impli-
cation and addressability of children in dental practices dur-
ing the period COVID- 19.
Methods: A questionnaire included questions related to the 
addressability of patients during the pandemic, the fear re-
lated to the spread of the infection, the influence of media.
Results: During the epidemic period the addressability of 
children has decrease most often postponing their visit. Most 
often this was due to fear and lack of information on the 
spread of coronavirus. Despite the avalanche of information 
regarding COVID- 19, there is a lack of consolidated infor-
mation to guide dentist handling clinical management. It is 
essential to work on remote communication, including mass- 
media and education aimed at maintaining the oral health of 
children. The dentist must take into account that parents lack 
the knowledge of basic behavioural management techniques 
needed to approach a paediatric patient.
Conclusions: The main objective is to limit the spread of epi-
demic and the onset of cross- infections but it is also essential 
to work on remote communication and education aimed at 
maintaining the oral health of children.
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392 | Parental motives and attitude towards 
controlling sugary foods among children with 
early childhood caries: A case-control study

Suprabha Bs1; Anwesha Samaddar1; Aastha Moza1;  
Ramya Shenoy2

1Pediatric and Preventive Dentistry, Manipal College of 
Dental Sciences, Mangalore, Manipal Academy of Higher 
Education, Manipal, Karnataka, India; 2Public Health 
Dentistry, Manipal College of Dental Sciences, Mangalore, 
Manipal Academy of Higher Education, Manipal, 
Karnataka, India

Background: Parents can influence children’s diet by mak-
ing some foods more available than others. The study in-
vestigated the association of parental food choice motives, 
attitudes towards sugar consumption and dietary sugar expo-
sures with the presence of early childhood caries.
Methods: This study with case control design involved 200 
children, aged 3– 5 years, with equal number of cases (with 
caries) and controls (without caries). They were divided 
into cases and controls after oral examination, using WHO- 
DMFT criteria for dental caries and matched for age, gender 
and socio- economic status. The data for parental food choice 
motives and attitudes towards sugar consumption were ob-
tained using questionnaire answered by their parents and the 
sugar exposures in the diet were calculated using a twenty- 
four hour diet chart. Binary logistic regression was used to 
analyze data.
Results: For parents, the most important food choice motives 
were ‘maintaining health and nutrition’(99.5%) followed by 
‘mood of the child’, ‘child likes and dislikes’, ‘sensory ap-
peal of the food item’, ‘natural foods’, ‘quality of the food’ 
and ‘weight control’ with no significant difference between 
cases and controls. About 61% of the cases considered it im-
portant to buy food based on convenience as compared to 
47% controls and the difference was significant. Cases and 
controls did not differ in attitudes towards sugar consump-
tion. The sugar exposure was significantly higher amongst 
the cases.
Conclusion: Children with early childhood caries have 
higher sugar exposures, irrespective of parental attitudes to-
wards dietary sugar exposures and are likely to buy foods 
based on convenience and availability.

469 | Correlation between nutritional status, 
dental caries experience and salivary mutans 
streptococci and lactobacillus counts in a group 
of Transylvanian school children

Anamaria Bud1; Cristina Bica1; Daniela Esian1;  
Oana Elena Stoica1; Alexandru Vlasa2; Eugen Silviu Bud3

1Pediatric Dentistry, Faculty of Dentistry, University 
of Medicine and Pharmacy, Science and Technology 
George Emil Palade, Targu- Mures, Mures, Romania; 
2Periodontology and Oral- Dental Diagnosis, Faculty of 
Dentistry, University of Medicine and Pharmacy, Science 
and Technology George Emil Palade, Targu- Mures, Mures, 
Romania; 3Orthodontics, Faculty of Dentistry, University 
of Medicine and Pharmacy, Science and Technology 
George Emil Palade, Targu- Mures, Mures, Romania

Background: The prevalence of dental caries and obesity 
is high as both raise significant health problems. The objec-
tive of this study is to analyse the relationship between den-
tal caries, the number of salivary colonies forming units of 
Mutans Streptococci (MS) and Lactobacillus (LB), and the 
nutritional status in a group of children from Transylvania.
Methods: This cross sectional study used a sample of 154 
school children, aged 9 to 12 years. The prevalence of caries 
was measured using the decayed, missing, and filled teeth 
index for deciduous teeth (dmft index) and for permanent 
teeth (DMFT index). Height and weight were assessed for 
each subject, and their body mass index (BMI) percentile was 
calculated. Salivary levels of Streptococcus Mutans (MS) and 
Lactobacillus (LB) were determined using the CRT Bacteria 
Test from Ivoclar Vivadent.
Results: In our study, we found a positive association be-
tween the BMI percentile, MS count, LB count and the inci-
dence of dental caries in children aged 9 to 12 years. There 
was a strong correlation between high MS and LB and 
the high prevalence of dental caries. The results showed 
a significant association between the high presence of MS 
(high) (P = 0.0083), increased LB (high) (P = 0.0002) and 
the increased BMI percentile. Overweight patients have 
higher levels of MS and LB than normal or underweight 
patients
Conclusions: The presence of high bacteria counts can be 
confidently used to predict dental caries in young children in 
this population. The multifactorial etiology of both diseases 
require future research, on larger samples, with a longitudinal 
approach, rather than a cross- sectional one.
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985 | Salivary flow and capital capacity of 
saliva in preventing caries in early childhood

Karla Cabral2; Naiany Peixoto1; Daniela Pinto1;  
Ginna Gonçalves1; Diana Feitosa1; Nara Sena1

1Odontopediatria, Academia Cearense de odontologia, 
Fortaleza, Ceará, Brazil; 2Odontologia, Universidade de 
Fortaleza, Fortaleza, Ceará, Brazil

Background: The objective is to conduct a literature review 
on the correlation of salivary indices with the prevalence of 
caries associated with children`s diet and oral hygiene and 
how to use these data in the clinical environment
Literature Review: Many studies have reported that salivary 
flow and saliva composition have a protective effect against 
tooth decay. There is a strong relationship between salivary 
flow, quality of saliva and early caries in early childhood. In 
this context, saliva analysis is an option for diagnosing and 
monitoring the evolution of certain pathologies. Tests of sali-
vary flow, buffer capacity of saliva can be associated with the 
risk of caries. Patients with changes in the buffer capacity of 
saliva, decreased salivary flow, are at a greater risk of devel-
oping oral problems, especially greater tooth decay activity.
Conclusions: Salivary analysis may be associated with gen-
eral and intraoral clinical examination and is considered an 
important factor in the early diagnosis of caries and risk of 
caries

848 | Influence of preventive programs 
for reduction of DMFT index in 12 years old 
children in RNM on dental arch space changes

Sofija Carceva- Shalja1; Biljana Getova2; Kiro Papakoca3; 
Sandra Atanasova4

1Orthodontics, University ''Goce Delcev'', Stip, North 
Macedonia; 2Pediatric Dentistry, Health Center 
Valandovo, Valandovo, North Macedonia; 3Oral Surgery, 
University ''Goce Delcev'', Stip, North Macedonia; 
4Orthodontics, University ''Goce Delcev'', Stip, North 
Macedonia

Background: The aim of this study was to evaluate the ef-
fect after implementation of a set of preventive measures 
trough the “National Strategy for prevention of oral diseases 
of children aged 0– 14 years in Republic of North Macedonia 
(RNM) from 2008– 2028” and the resulting need for ortho-
dontic treatment in 12 years old Macedonian children.
Methods: This research was made in all 8 regions in RNM, 
including examined representatives from urban and rural 
areas equally.
Using the WHO methodology for preparing Oral health stud-
ies, 7169 children, born in the year of 2007, were examined 

(33.3% from all the children in that generation). 3117 of them 
were boys and 3050 were girls.
The examinations were made in dental offices, by calibrated 
dentists- pedodontists, all employed in the public health 
sector.
The decay- missing- filled (DMF) index was used as an ap-
propriate measure for the detection of dental caries where 
12- year- old children were considered as target group. 
Impressions were taken from 100 children (50 boys and 50 
girls) with premature tooth loss to analyze the space condi-
tion and dental arch space changes.
Results: After 11 years of implementation of preventive 
measures, evaluation showed impressive results –  signifi-
cant decrease of DMF index (from 6.88 to 2.43). Orthodontic 
analysis in the examined group with premature tooth loss 
showed greater extend of space loss and an increase in ortho-
dontic treatment need.
Conclusions: The implementation of the National strategy 
for prevention of oral diseases in RNM was an effective ap-
proach for preventing caries- related premature tooth loss in 
12 years old children, preserving relevant dental arch length.

914 | Vitamin D levels and dental caries in 
7- year- old children in Porto, Portugal

Cátia Carvalho Silva1,2; Sandra Gavinha2;  
Maria da Conceição Manso2,3,4; Rita Rodrigues2;  
Sandra Martins5,6; João Tiago Guimarães5,6,7;  
Ana Cristina Santos6,8; Paulo Melo6,9

1PhD Student, Faculty of Dentistry, University of Porto, 
Porto, Portugal; 2Faculty of Health Sciences, Fernando 
Pessoa University, Porto, Portugal; 3Environmental 
and Health Research Unit, Fernando Pessoa University 
Energy, Porto, Portugal; 4Associated Laboratory for 
Green Chemistry, University of Porto, Porto, Portugal; 
5Department of Clinical Pathology, São João University 
Hospital Centre, Porto, Portugal; 6EPIUnit, Institute 
of Public Health, University of Porto, Porto, Portugal; 
7Department of Biomedicine, Faculty of Medicine, 
University of Porto, Porto, Portugal; 8Department of Public 
Health and Forensic Sciences and Medical Education, 
Faculty of Medicine, University of Porto, Porto, Portugal; 
9Department of Cariology and Restorative Dentistry, 
Faculty of Dentistry, University of Porto, Porto, Portugal

Background: Vitamin D deficiency has been associated with 
significant changes in dental structures. In children, it can 
induce enamel and dentin defects, which have been identified 
as risk factors for caries. This study aimed to assess the as-
sociation between low serum 25- hydroxyvitamin D (25(OH) 
D) levels (75nmol/L) and the prevalence of caries in the per-
manent teeth and mixed dentition of 7- year- old children.
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Methods: A sample of 335 children from the population- 
based birth cohort Generation XXI (Porto, Portugal) was 
included. Data on children’s demographic and social condi-
tions, health status, dental health behaviours, dental exami-
nation including erupted permanent first molars, and blood 
samples available for vitamin D analysis were collected. 
Dental outcomes included the presence of caries, including 
non- cavitated lesions (dA- 6mft/DA- 6MFT0), and advanced 
caries (d3- 6mft/D3- 6MF0). Serum 25(OH) D was measured 
using a competitive electrochemiluminescence immunoassay 
protein- binding assay. Bivariate analysis and multivariate lo-
gistic regression were used.
Results: Advanced caries in permanent teeth was signifi-
cantly associated with children’s vitamin D levels 75 nmol/L, 
gastrointestinal disorders, higher daily intake of cariogenic 
food, and having had a dental appointment at ≤7 years old.
Conclusions: Optimal childhood levels of vitamin D may be 
considered an additional preventive measure for dental caries 
in the permanent dentition.
Funding: Generation XXI was funded by Programa 
Operacional de Saúde (Regional Department of Ministry 
of Health). It has support from the Portuguese Foundation 
for Science and Technology (FCT) and from the Calouste 
Gulbenkian Foundation. Ana Cristina Santos holds a FCT 
Investigator contract IF/01060/2015. The authors received 
no specific funding for this work.

1462 | Caries risk assessment: A review of 
literature

D. Bhanu Upendra Yadav; Balagopal Varma R;  
Suresh Kumar J; Parvathy Kumaran; Arun M Xavier; 
Malini V
Department of Pediatric and Preventive Dentistry, Amrita 
School of Dentistry, Kochi, Kerala, India

Background: Multifactorial caries disease causes damage to 
dental hard tissue and is dependent on patients’ own unique 
make up of pathogenic risk and protective factors. Caries 
Risk Assessment (CRA) started with a pie chart in the early 
90’s. Over the last three decades, it has evolved to include 
multiple age- specific factors.
Literature review: Caries protective factors are biological 
or therapeutic factors that can collectively offset the patho-
logic challenge presented by the caries risk. A CRA is simply 
a way to formalize and expand upon the patient’s caries bal-
ance /imbalance in the most predictable fashion to diagnose 
current caries disease, predict future disease and determine 
factors which are out of balance. CRA has great potential to 
enhance patient care, as it is the cornerstone of a minimally 
invasive care plan. The CRA model can improve the equity 
and efficiency of the oral health care system. CRA tools have 

emerged as the main paradigm for managing and evaluating 
treatment and oral health interventions.
Conclusions: CRA has evolved from visual and tactile eval-
uation of the oral cavity and the use of microbiological test-
ing to its current multifactorial model. This model includes: 
previous experience with caries, oral hygiene, diet, sali-
vary factor, buffer capacity and patients’ sociodemographic 
characteristics.

1307 | Comparative assessment of the 
association between salivary vitamin D levels 
and early childhood caries using enzyme linked 
immunosorbent assay

Aishwarya Chidambareshwar; Umme Azher;  
Santhosh T. Paul
Pediatric and Preventive Dentistry, Sri Rajiv Gandhi 
College of Dental Sciences and Hospital, Bengaluru, 
Karnataka, India

Background: Vitamin D may have a role in the etiology of 
dental caries during childhood as it is essential for the main-
tenance of calcium homeostasis, which in turn promotes rem-
ineralization of enamel and reduces its demineralization. The 
study involved determination and comparison of the salivary 
levels of vitamin D in children with S- ECC and those who 
are caries- free (dmft = 0) using ELISA kit.
Methods: Thirty children aged 3– 5 years were selected and 
divided into two groups. Group I (n = 15) -  Children with 
severe early childhood caries [dmft score: 3years (4); 4years 
(5); 5years (6)] and Group II (n = 15) -  caries- free children 
[dmft 0]. Unstimulated saliva samples were obtained by 
using spitting method and levels of 25- hydroxyvitamin D3 
were measured using ELISA. Statistical analysis was per-
formed using the Chi- square-  and the Student’s t tests.
Results: In Group I 66.67% of the children showed salivary 
vitamin D levels of 12ng/ml depicting deficiency compared 
to 33.33% in Group II. About 33.33% in Group I and 46.67% 
in Group II exhibited salivary vitamin D levels between 12– 
20ng/ml demonstrating insufficiency. About 20% in Group II 
exhibited sufficient values (20ng/ml) in comparison to 0% in 
Group I. The mean salivary vitamin D levels in Group I and 
Group II were 8.8+4.92ng/ml and 16.8+10.8ng/ml respec-
tively, with a statistically significant difference (P = 0.05).
Conclusion: An inverse correlation was observed between 
salivary vitamin D levels of children with S- ECC and those 
caries- free (dmft = 0). Saliva can thus be regarded as a non- 
invasive tool to determine vitamin D levels.
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954 | Silver diamine fluoride: Clinical 
application in pediatric dentistry

Bárbara Cunha; Ana Daniela Soares; Joana Leonor Pereira; 
Maria Teresa Xavier; Ana Margarida Esteves; Sara Rosa; 
Ana Luísa Costa
Paediatric and Preventive Dentistry Institute, Faculty 
of Medicine, University of Coimbra, Coimbra, Coimbra, 
Portugal

Introduction: Management of dental caries, a highly preva-
lent condition in children worldwide, may involve the use of 
agents capable of modifying the disease`s activity and risk, 
including silver diamine fluoride.
Case Report: A 4- year- old boy presented with early child-
hood caries and a history of lack of cooperation in medical 
procedures. In order to overcome this difficulty, the initial 
approach was to apply silver diamine fluoride (38%) (RIVA 
STAR™, SDI) in the right maxillary primary lateral incisor 
which exhibited an active cavitated carious lesion with no 
clinical signs of pulp involvement. At the same appointment, 
a glass ionomer cement (3M™ Ketac™ Universal Aplicap™) 
restoration was carried out. All procedures were painless and 
performed relatively quickly and with the child`s coopera-
tion. The clinical follow- up is now about 12 months.
Discussion: Silver diamine fluoride is known for its cari-
ostatic and desensitizing properties. Despite these potential 
advantages, the intense pigmentation of the lesions is pointed 
out as a disadvantage, along with some still controversial 
concerns regarding its safety.
Conclusions: Although it cannot be considered a complete 
solution in the management of early childhood caries, this al-
ternative approach may comprise several advantages for some 
patients. Nonetheless, some issues still have to be addressed, 
namely its safety, action on soft tissues and aesthetic impact.

1130 | How to choose the best technique 
for treating caries lesions in primary teeth: 
A literature review

Luciana Dalsochio; Camila Rafaela Mousquer;  
Jéssica Copetti Barasuol
Department of Dentistry, CNEC Faculty of Santo Ângelo, 
Santo Ângelo, Rio Grande do Sul, Brazil

Background: Restorative treatment is the therapy commonly 
used to treat carious lesions in primary teeth. However, the 
high rates of failure of this treatment remain a challenge for 
the clinician. With the current knowledge about the dynam-
ics of dental caries and Minimal Intervention Dentistry, the 
management of lesions is no longer based on the removal of 
bacteria and tissues, but on the control of causal factors.

Literature Review: The subjectivity of dental care for 
pediatric patients does not allow the definition of a protocol 
for the indication of techniques, to be used in a generalized 
way, based only on the type, extent and depth of caries le-
sions. It is necessary to consider the patient`s particulari-
ties, such as behavior and level of fear, of those responsible 
as their aesthetic preferences, the environment in which the 
child is inserted and the place where care will be performed. 
In addition, when operative procedures are performed in 
isolation, without a preventive program to monitor the pa-
tient, the caries disease will remain active. It is important 
that effective control of food and plaque from brushing with 
fluoride toothpaste and flossing in interproximal spaces is 
carried out.
Conclusions: The dentist must choose the technique that 
best suits his patient and his working reality, based on his 
scientific knowledge and technical skills. In addition, the 
professional should not only act in the execution of clinical 
procedures, but also as a mediator in the adoption of healthy 
habits by the family in caring for their children.

221 | Orthodontic appliance debonding 
changes physicochemical properties of saliva 
and favors remineralization of active caries: 
A 13 week follow- up study

Emerson De Sousa; Andreia Alves Cardoso;  
Corolina Steiner- Oliveira; Marinês Nobre- dos- Santos
Department of Health Sciences and Pediatric Dentistry, 
Piracicaba Dental School, University of Campinas- 
UNICAMP, Piracicaba, São Paulo, Brazil

Background: This prospective cohort study aimed to investi-
gate if the removal of orthodontic appliances (ROA) changes 
physicochemical properties of saliva, the activity of carbonic 
anhydrase VI (CA VIact), and α- amylase (α- AMLact), and 
favors remineralization of active caries lesions (ACL).
Methods: Twenty- two individuals aging13 to 24 years 
old, were assessed regarding the presence of visible bio-
film, daily sugar exposure, caries activity, salivary flow 
rate (SFR), pH and buffering capacity (BC), CA VIact and 
α- AMLact at baseline, and 1, 5 and 13 weeks after ROA. 
Analysis of variance for repeated measures, Cochran’s Q 
test followed by McNemar test, and Pearson’s correlation 
analyses were used.
Results: The percentage of visible biofilm and sugar exposure 
decreased at 5 and 13 weeks after ROA. A significant decrease 
in the number of ACL was noticed at 5 (29% reduction) and at 
13 (58% reduction) weeks after ROA. Saliva pH and α- AMLact 
significantly increased at 5 and at 13 weeks after ROA. BC and 
CA VIACT remained unchanged during the follow- up.
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Conclusion: ROA favored remineralization of active caries 
lesions and increased saliva pH and α- AMLact whereas buff-
ering capacity and CA VIact remained stable.

1980 | Influence of sociodemographic 
conditions and early childhood caries on 
parental guilt concerning their child’s dental 
problems

Emerson De Sousa1; Suyene de Oliveira Paredes2; Renato 
Ferreira Nóbrega2; Thays da Silveira Soares2; Gustavo 
Rodrigues Moreira3; Franklin Delano Soares Forte3

1Department of Health Sciences and Pediatric Dentistry, 
Piracicaba Dental School, Piracicaba, São Paulo, Brazil; 
2Department of Dentistry, University Center of Patos, 
Patos, Brazil; 3Department of Clinic and Social Dentistry, 
Federal University of Paraiba, João Pessoa, Brazil

Background: Unfavorable oral health conditions in children 
can be associated with the feeling of guilt of their parents. 
This perception can be related to the preventable nature of 
dental caries disease. Under this perspective, sociodemo-
graphic conditions may influence this perception. Thus, 
this study sought to investigate the influence of sociodemo-
graphic conditions and early childhood caries on parental 
guilt concerning their child`s dental problems.
Methods: A cross- sectional study carried out with 261 chil-
dren from two locations in small cities of Brazil northeastern. 
Dental caries status was evaluated according to the World 
Health Organization`s diagnostic criteria (dmft) answered 
two questionnaires. Sociodemographic conditions and the 
parents` feeling of guilt were assessed by questionnaires. 
Statistical analysis considered the multivariate logistic re-
gression model with a significance level of 5%.
Results: The felling of guilty was associated with low pater-
nal education (OR = 3.53; 95% CI 1.28– 9.68; P = 0.014), 
with low maternal education (OR = 2.7; 95% CI 1.16– 6.42; 
P = 0.021), the absence of filled or extracted teeth (OR = 
2.00; 95% CI 1.10– 3.62; P  =  0.014) and the presence of 
untreated caries lesions (OR = 3.37; 95% CI 1.54– 7.34; 
P = 0.001).
Conclusion: Low educational status of parents and untreated 
caries lesions influence parental guilt.

862 | Treatment of immature permanent 
first molar with MTA amputation: A case 
report

Beril Demircan; Pınar Demir
Department of Pedodontics, Inonu University, Malatya, 
Turkey

İntroduction: Permanent first molar teeth erupt earlier than 
other permanent teeth, so they are more exposed to cariogenic 
factors. In children with high risk of caries, deep dentin car-
ies is frequently encountered in these teeth that have not yet 
completed their development. It is an important responsibility 
of pediatric dentists to know and apply current treatment ap-
proaches in immature permanent first molars. Vital amputation 
is one of these treatments. Mineral trioxide aggregate (MTA) 
is a material that provides successful results in amputation.
Case Report: A 9- year- old female patient applied clinic 
with complains of dental caries. In the radiographic exami-
nation, deep caries was detected in the lower left permanent 
first molar tooth. There were no clinical symptoms except 
for cold sensitivity of the patient. There was no pathology on 
radiograph. A pulp perforated 3mm occurred during the pro-
cedure. Coronal pulp tissue was removed was applied after 
bleeding control. Temporary restoration was done with glass 
ionomer. Permanent restoration was performed after one 
month later. Teeth were evaluated clinically and radiographi-
cally for 3,6,12 months. At the end of the 1- year follow- up, 
no radiographic pathology or clinical symptom was observed.
Discussion: When the pulp is exposed, it is important to apply 
minimal invasive treatment approaches that allow the vital 
pulp to be preserved in immature permanent teeth. Amputation 
therapy with MTA is quite successful compared to traditional 
treatments in ensuring root development and protecting the 
periapical tissues and alveolar bone in healthy way.
Conclusions: In this case, a successful result was obtained by 
performing amputation with MTA. Pediatric dentists should 
know and practice new treatments alternative to traditional 
treatments.
Keywords: Mineral Trioxide Aggregate, Amputation, 
Immature Permanent Teeth, Pediatric Dentist

867 | Total pulpotomy with CEM in young 
permanent molar with deep caries: A case 
report

Beril Demircan; Pınar Demir
Department of Pedodontics, Inonu University, Malatya, 
Turkey

Introduction: Pediatric dentists frequently encounter young 
permanent molars exposed with deep caries. Alternative 
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treatments such as pulpotomy and revascularization replace 
traditional treatments. Root development can be achieved 
with total pulpotomy in young permanent molars and a 
stronger tooth structure can be formed. Mineral trioxide ag-
gregate (MTA) is a successful but expensive material fre-
quently used in total pulpotomy. Calcium enriched material 
(CEM) is a cheaper material that can achieve similar success 
with MTA.
Case Report: A 9- year- old male patient applied to clinic with 
the complaint of caries. Deep caries was detected in the right 
lower permanent first molar in clinical and radiographic exam-
ination. There was no pathology in the periapical area. A pulp 
perforation of more than 2 mm occurred during the procedure. 
Coronal pulp tissue was removed. After the bleeding control, 
CEM was applied and temporary restoration was made with 
glass ionomer. Permanent restoration was performed with 
composite resin after 1 month. No pathology or clinical symp-
tom was observed radiographically in the controls of 3,6,12 
months and root development was observed to continue.
Discussion: It is important was continued root development 
in young permanent teeth. Pediatric dentists should know and 
apply vital pulp treatments and materials used. CEM is a ma-
terial that can be an alternative to MTA, which is accepted as 
the gold standard today, and it is successfully applied in vital 
pulp treatments. In addition, it is cheaper than MTA and can 
be applied instead of MTA with this property.
Conclusions: In this case, a successful result was obtained 
by performing total pulpotomy with CEM. Total pulpotomy 
with CEM is a preferable approach in the treatment of young 
permanent teeth.
Keywords: Calcium enriched material, young permanent 
teeth, pediatric dentist, total pulpotomy

1330 | Effect of holy basil (Tulsi) leaves on 
pH of saliva: An in  vivo study

Anushka Deoghare1; Pragya Daga1; Abhijeet Deoghare2

1Pediatric and Preventive Dentistry, Chhattisgarh 
Dental College and Research Institute, Rajnandgaon, 
Chhattisgarh, India; 2Oral Medicine and Radiology, 
Chhattisgarh Dental College and Research Institute, 
Rajnandgaon, Chhattisgarh, India

Background: The study was to evaluate the effect of holy 
basil (tulsi) leaves on pH of saliva
Methods: A double blind, randomized controlled clinical 
trial was conducted in 15 caries free patients. All the chil-
dren fell into both the control-  and tulsi group. These children 
were assigned for two appointments. In first appointment, 
baseline pH was recorded, and then asked to drink juice. 
Changes in pH were recorded every 2 minutes up to10 min-
utes, then after every 10 minutes up to 40 minutes. In the 

second appointment, the baseline pH was recorded and they 
were asked again to drink fruit juice. The child was then 
asked to chew 4– 5 fresh tulsi leaves and the pH was recorded 
with the pH meter in same manner as in first visit. Data was 
analyzed statistically.
Results: Mean salivary pH drops immediately after drinking 
fruit juices. A significant difference was observed between 
control and tulsi group after chewing tulsi. In the present 
study, the salivary pH of the tulsi group remained alkaline 
even after consumption of fruit juice.
Conclusions: Stimulating salivary flow through chewing 
tulsi has been shown to reduce the salivary pH and thereby 
helps in reducing the incidence for dental caries.

297 | Post-COVID SOPs in paediatric 
dental GA services: Utilisation of general 
anaesthetic slots

Michaela DeSeta; Mina Vaidyanathan
Paediatric Dental Department, Guys and St Thomas' NHS 
Foundation Trust, London, UK

Background: Paediatric dental services were hugely af-
fected by the COVID- 19 pandemic, including general anaes-
thetic (GA) treatments being cancelled. As services resumed, 
new standard operating procedures (SOPs) were established. 
In this 2 cycle audit, we assessed GA post- Covid SOPs and 
evaluated theatre utilisation.
Methods: Aims, objectives and standards were set. We re-
corded adherence to paediatric dental GA SOPs in July 2020, 
including swabbing and isolation requirements. The number 
of available GA slots, and un- filled cancellation slots were 
used to assess theatre utilisation. Following modification of 
SOPs, data collection was repeated for October 2020. SOP 
effectiveness was highlighted and changes made.
Results: In July 2020, there were 45 GA slots available and 
91% of these were utilised. 100% of patients were swab- 
negative for Covid. Problems with re- filling cancellation 
slots were linked to SOP requirements of 2 week isolation for 
families prior to the procedure. SOPs were updated follow-
ing new government guidance and identification of issues. In 
October 2020, reductions in fallow time and improvements 
in carrying out SOPs meant there were 95 GA slots available 
and utilisation was 98%.
Conclusions: Factors affecting theatre utilisation can be 
grouped into patient, clinical and administrative categories, 
and it is essential to improve controllable factors in each cat-
egory. Thus far we have focused on cancellations prior to the 
procedure date, so cycle 3 will focus on reduction of on- the- 
day cancellations to further improve utilisation. It is essential 
to continue to follow guidance related to dental GA’s in order 
to stay up– to- date and keep everyone safe.
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894 | Co- relation of PUFA and oral health 
related quality of life in children

Shantanu Deshpande
Pediatric and Preventive Dentistry, T.P.C.T's Terna Dental 
College, Navi Mumbai, Maharashtra, India

Background: Dental caries although decreased world- wide, 
continues to remain prevalent in developing countries where 
it has become a prominent childhood problem. Owing to 
their poor socio- economic status and lack of access to den-
tal treatment, majority of dental caries remain untreated. 
The present study aimed to co-  relate the consequences of 
untreated dental caries and quality of life in children, using 
the Polyunsaturated fatty acids (PUFA) index and Child Oral 
Health Impact profile (COHIP) questionnaire.
Methods: The study was undertaken amongst 640 school 
children in the age group of 12– 15 years. The oral health 
of the children was assessed with the help of PUFA index. 
The impact of untreated dental caries was evaluated using 
the COHIP questionnaire. Pearson’s correlations co- efficient 
was used to determine the relationship between the PUFA 
and COHIP scores. To compare the PUFA and COHIP scores 
amongst gender, Mann Whitney U test was used.
Results: The mean PUFA score was found to be 0.98 and the 
mean COHIP score was found to be 15.31.The study showed 
a negative co- relation between the two scores (- 0.80) which 
determines that as the PUFA scores goes on increasing the 
COHIP scores goes on decreasing. It also shows that males 
are more affected by females when it comes to the impact of 
oral health on the quality of life.
Conclusions: The consequences of untreated dental caries 
have a negative impact of the self- perceived Oral Health 
Related Quality of Life in 12– 15 year old children.

645 | Antibacterial activity of cranberry- 
derived proanthocyanidin against oral 
pathogens: An in- silico approach

Vismaya Dhareshwar1; C. Pushpalatha1; Sibikar Prabakar1; 
Aishwarya Raju2

1Pediatric and Preventive Dentistry, Faculty of Dental 
Sciences, Ramaiah University of Applied Sciences, 
Bangalore, Karnataka, India; 2Department of 
Pharmaceutical Chemistry, Faculty of Pharmacy, Ramaiah 
University of Applied Sciences, Bangalore, Karnataka, 
India

Background: Proanthocyanidin rich cranberry extract has 
been reported to possess antimicrobial, antioxidant, anti- 
inflammatory and remineralizing properties. In view of the 
above research findings, an in- Silico study was conducted to 

identify the specific Proanthocyanidin protein targets against 
oral pathogens which causes dental caries.
Methods: Molecular protein targets such as Glucan Binding 
Protein C (PDB: 5UQZ), cysteine protease (PDB: 3BBA), 
4,6- alpha- glucanotransferase (PDB: 5JBD) and Calcineurin 
A (PDB: 6TZ6) causing dental caries were retrieved from 
RCSB protein databank. Molecular docking study was car-
ried out through Autodock 4.2 tool and visualized through 
Maestro viewer tool. Molecular dynamic study was carried 
out for the potent target complex by Desmond package of 
Schrodinger suite.
Results: Proanthocyanidin showed potent binding af-
finity towards all the four targeted proteins. It showed 
score of - 9.0 kcal/mol against cysteine protease, - 10.3 
kcal/mol against 4,6- alpha- glucanotransferase, - 9.3 kcal/
mol against Glucan Binding Protein C and - 9.7 kcal/
mol against Calcineurin A. Proanthocyanidin binds cova-
lently with SER906, GLN908, ASN974, ARG1434 and 
TYR1521 of 4,6- alpha- glucanotransferase. Molecular 
dynamic result showed that the Proanthocyanidin with 
4,6- alpha- glucanotransferase complex was stable during the 
50ns. The Root Mean Square Deviation & Root Mean Square 
Fluctuation was found to be stable and showed a stable inter-
action with GLN908, ASN974 and ARG1434.
Conclusions: Proanthocyanidin had maximum binding af-
finity with 4,6- alpha- glucanotransferase compared to other 
targets. The result revealed the drug moiety is a promising 
candidate in the treatment of oral infection. Further the drug 
can be added into a suitable formulation for the prevention of 
dental caries.
Funding: This research project is a self- funded project

320 | Breastfeeding and child oral health: 
An umbrella review

Beatriz Díaz- Fabregat1; Wilmer Ramírez- Carmona1; 
Rogério de Castilho Jacinto1; Douglas Roberto Monteiro1,2; 
Rosana Leal do Prado2; Juliano Pelim Pessan1

1Department of Preventive and Restorative Dentistry, São 
Paulo State University (UNESP), Araçatuba, São Paulo, 
Brazil; 2Graduate Program in Dentistry GPD -  Master's 
Degree, University of Western São Paulo (UNOESTE), 
Presidente Prudente, São Paulo, Brazil

Background: Despite the unquestionable benefits of breast-
feeding for children’s systemic health, it has been recently 
been reported as a risk factor for dental caries and malocclu-
sions. The present umbrella review was conducted with the 
purpose to search, organise and assess the existing evidence 
from multiple systematic reviews on the relationship between 
oral health outcomes in children and breastfeeding.
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Methods: The review followed the PRISMA guidelines, 
and was registered in PROSPERO (CRD42020207255). 
Searches were performed in PubMed, Scopus, Web of 
Science, Lilacs, Open Grey, Google Scholar, and other 
specific databases. Systematic reviews assessing the asso-
ciation of oral health outcomes and breastfeeding, in par-
ticipants up to 18 years of age were included. The quality of 
systematic reviews and primary studies was assessed using 
the AMSTAR- 2 Tool GRADE, respectively. The Mantel-  
Haenszel method was used for calculating the odds ratios 
(OR), considering 95% confidence intervals (CI) and a ran-
dom effects model.
Results: Fifteen reviews were selected. Breastfeeding was 
shown to be a protective factor for dental caries (OR 0.52, 
CI 0.27– 0.98), without a significant influence of breastfeed-
ing duration. Furthermore, breastfeeding was not shown to 
increase the risk of open bite (OR 0.67, CI 0.57– 0.79) and 
posterior crossbite (OR 0.68, CI 0.54– 0.85), and duration ≥ 
6 months was shown to be a protective factor for overjet (OR 
0.70, CI 0.59– 0.84) and crowding (OR 0.59, CI 0.45– 0.77). 
However, breastfeeding was shown to increase the risk of 
overbite (OR 1.95, CI 1.47– 2.59).
Conclusion: This review confirms the positive impact of 
breastfeeding on several oral health outcomes in children.
Funding: The study was supported by Coordination for the 
Improvement of Higher Education (CAPES, Finance code 
001)

1327 | Role of stingless bee propolis from 
Coorg against Streptococcus mutans

Subhasree Dutta; Sowndarya Gunasekaran;  
B. M. Shanthala; George Babu; M. A. Zareena
Pediatric and Preventive Dentistry, Coorg Institute of 
Dental Sciences, Coorg, Karnataka, India

Background: Propolis is a natural product derived from honey 
bees. It has long been used in medicine and dentistry for its ben-
eficial properties, including antimicrobial, anti- inflammatory, 
hypersensitivity and local anaesthetic effects. Bee propolis 
beneficial properties depends on its composition which varies 
depending on geographical origin and botanical sources the bee 
feeds on. Stingless bee propolis from Coorg has been claimed 
for its beneficial use in health. The aim of the study was to as-
sess the antimicrobial efficacy of indigenous propolis extract 
from stingless bee against Streptococcus mutans.
Methods: Indigenous propolis was procured and aqueous 
extract was prepared. Aqueous extract of propolis was com-
pared with a standard drug (Amikacin- 100mg/2ml) to evalu-
ate the antimicrobial property against Streptococcus mutans. 
Antibacterial activity was evaluated by using the Himedia 
zone reader at different dilutions. The extract`s time- kill 

curve was examined using micro broth dilution assay at a 
concentration of 1 MIC, 4 MIC, and 8 MIC.
Results: Indigenous stingless bee propolis from Coorg has 
shown antibacterial activity at concentrations of 2000 µg/mL 
inhibition and bactericidal at 1000 µg/mL. In time kill assay, 
the bactericidal effect of the Indigenous propolis extract was 
apparent from 2h.
Conclusions: The extract of indigenous propolis from Coorg 
may represent a new option showing long- term beneficial ef-
fects against Streptococcus mutans.

1684 | Early childhood caries and iron 
deficiency anaemia: A systematic review and 
meta- analysis

Harshini Nivetha Easwaran1; Anitha Annadurai1;  
Muthu MS1, Aruna Sharma1; Sneha S Patil1;  
Priya Jayakumar1; Aarthi Jagadeesan2; Uma Nagarajan3; 
Umapathy Pasupathy4; Umesh Wadgave5

1Pediatric and Preventive Dentistry, Sri Ramachandra 
Institute of Higher Education and Research, Chennai, 
Tamilnadu, India; 2Pediatric and Preventive Dentistry, 
Sree Balaji Dental College, Chennai, Tamilnadu, India; 
3Pediatric and Preventive Dentistry, Pedo planet Children's 
Dental Center, Delhi, New Delhi, India; 4Pediatric 
Medicine, Sri Ramachandra Institute of Higher Education 
and Research, Chennai, Tamilnadu, India; 5Public Health 
Dentistry, ESIC Dental College, Gulbarga, Karnataka, India

Background: Discernment of the association between 
Early Childhood Caries (ECC) and Iron Deficiency 
Anaemia (IDA) will aid paediatricians and paediatric den-
tists to enhance health promotion measures to reduce the 
related morbidity in children. This systematic review aims 
to determine an evidence based association between ECC 
and IDA.
Methods: A systematic search was carried out from 
MEDLINE via PubMed, EMBASE, LILACS, Cochrane Oral 
Health Group’s Specialised Register, CINAHL via EBSCO, 
Web of Science and Scopus up to May 2020. Hand search-
ing and grey literature screening were also conducted. Cross- 
sectional, case- control and cohort studies in English language 
which assessed the association was included. Two reviewers 
independently assessed the study quality and extracted the 
outcome data.
Results: A total of 1426 studies were identified. Fourteen 
studies qualified for qualitative review and eight of them for a 
meta- analysis. The meta- analysis revealed that children with 
ECC are at a greater risk for IDA. The GRADE approach 
exhibited the quality of evidence as high. Blood parameters 
(Hb, MCV and, serum ferritin) also showed a statistically sig-
nificant difference between ECC and non- ECC groups.
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Conclusions: The evidence suggests a strong association be-
tween Early Childhood Caries and Iron Deficiency Anaemia.

965 | Evaluation of caries progression 
and clinical performance of different agents 
on non- cavitated fissure areas: Randomized 
controlled clinical trial

Selma Emin Oğlu Kaval; Ebru Kucukyilmaz
Department of Pediatric Dentistry, Faculty of Dentistry, 
Izmir Katip Celebi University, Izmir, Turkey

Background: The aim of this study is to compare the clini-
cal and radiographic success of materials used in the treat-
ment of non- cavitated pit- fissure lesions and the effects on 
the caries- lesions.
Methods: This study performed in vivo conditions with a 
randomized, controlled, double- blind, splint- mouth design. 
180 patients and 360 teeth were treated and followed- up for 
18- months. At the same time, oral hygiene instructions was 
given to these patients at the initial and control appointments. 
The distribution according to the control/study groups are; 
control group- resin based fissure sealant (Teethmate™- F1), 
sodium- fluoride and CPP- ACP containing varnish group (MI- 
Varnish™), fluoride and chlorhexidine containing varnish 
group (Cervitec®- F) and resin- infiltrant group (ICON®). 
The evaluations included visual- tactile (ICDAS- II), 
radiographic- evaluation, evaluation with laser- fluorescence 
and quantitative- light- induced- fluorescence device (QLF). 
The data obtained from the patients who were followed- up 
every 6- months for a total of 18 months was analyzed statisti-
cally (a = 0.05).
Results: Considering the findings- of visual- tactile evalua-
tions, the changes in the scores of MI Varnish™, ICON® 
and their control groups (Teethmate™- F1) ), indicating the 
healing of the lesions were found to be statistically signifi-
cant (P  =  0.05). In radiographic evaluations; Cervitec®- F, 
its control- group and the ICON®- control- group 
(Teethmate™- F1), indicating the healing of the lesions were 
found to be statistically significant (P = 0.05). The evalua-
tions made with a laser- fluorescence and a QLF device show 
that a decrease in fluorescence values and reduction in lesion 
areas were detected for all material groups compared to the 
all follow- ups (P = 0.05).
Conclusion: Varnishes in the pit and fissure areas with ini-
tial caries lesions indicate successful results as well as resin- 
based fissure sealants.

1750 | Maternal oral health influence on the 
occurrence of severe early childhood caries

Daniela Esian; Cristina Bica; Anamaria Bud; Laura Contac; 
Oana Stoica
Pediatric Dentistry, Faculty of Dentistry, University of 
Medicine, Pharmacy, Science and Technology, Targu- 
Mures, Romania

Background: Severe early childhood caries (S- ECC) is 
nowadays a major public health problem among preschool 
children whose quality of life is affected from a very young 
age. The origin of this chronic infectious disease that affects 
smooth surfaces of the primary teeth comes from prenatal pe-
riod but also after birth, when the mother’s oral health plays 
an important role in the onset of S- ECC. Although S- ECC 
has a multifactorial etiology, in the foreground is the micro-
bial factor represented especially by Streptococcus mutans 
correlated with other factors such as bad feeding habits.
Methods: The study group consisting of 17 mother- child 
pairs diagnosed with S- ECC was compared with a control 
group consisting of 15 mother- child pairs, without specific 
signs of S- ECC. The oral health of mothers was assessed 
by calculating the DMFT index and determining the level 
of cariogenic microorganisms using the CRT® bacteria 
test.
Results: The data obtained showed a significant correlation 
between high DMFT score, increased level of Streptococcus 
mutans in saliva of mothers and the incidence of S- ECC in 
children.
Conclusions: Mother’s oral health plays a major role in 
the onset and evolution of S- ECC therefore prenatal and 
natal periods are ideal to promote primary prevention of S- 
ECC in children by ensuring appropriate education regard-
ing the importance of oral health and feeding behavioral 
practices.

1807 | Apoptosis in ameloblast cells due to 
fluoride induction: A review of literature

Vania Ewitrawati; Soegeng Wahluyo; Prawati Nuraini
Department of Pediatric Dentistry, Faculty of Dental 
Medicine, Airlangga University, Surabaya, East Java, 
Indonesia

Background: High fluoride doses intake during enamel for-
mation may result in enamel fluorosis. The mechanism of 
fluorosis remains unknown and apoptosis is regarded to be 
involved in the process by an unclear mechanism. Apoptosis 
is a physiological process that a disorder in such programmed 
cell death processes leads to the development of pathologi-
cal lesions. The initiation phase of apopthosis can proceed 
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through two different pathways: the intrinsic pathway –  mi-
tochondrial, or extrinsic pathway –  initiated by death signal 
transducers. The purpose of this literature review is to give an 
update on how fluoride can induces apoptosis in ameloblast 
cells.
Literature Review: The molecular mechanisms underly-
ing fluoride- induced apoptosis include the stimulation of 
G protein- dependent signaling systems, oxidative stress, 
activation of caspases, alterations in the ratio of anti- 
apoptotic- apoptotic Bcl- 2 proteins, activating FasL/Fas 
signaling pathway, upregulation of p53 expression, expres-
sion of apoptosis- related genes, and endoplasmic reticulum 
stress. Fluoride was demonstrated to be a potent activator 
of G- proteins in virtually all studied cell. An involvement 
of increased ROS production and lipid peroxidation in the 
fluoride- induced apoptosis has been proven in vitro and in 
vivo. The fluoride- induced apoptosis was found to be as-
sociated with elevated expression of caspase- 3, caspase- 8, 
and caspase- 9. Elevated expression of another proapoptotic 
member Bax and corresponding suppression of Bcl- 2 ex-
pression have been shown to implicate in apoptosis in the 
NaF- treated cells. Apoptosis was also induced in cells by 
the enhanced expression levels of Fas and Fas- L. Exposure 
to fluoride can inhibit protein synthesis, and this may also 
occur by agents that cause endoplasmic reticulum (ER) 
stress and unfolded protein response (UPR) that end with 
apopthosis.
Conclusion: Fluoride could induce ameloblast apoptosis via 
both intrinsic and extrinsic pathways.

859 | Relationship between dental erosion 
and asthma medication in children: A 
systematic review

Karen Amalia Falcon Vilca; Rosa Edith Baldeon Gutierrez; 
Carol Magaly Cárdenas Flores
Pediatric Dentistry, Faculty of Dentistry, Universidad 
Científica Del Sur, Lima, Lima, Peru

Background: Dental erosion is a multifactorial disease de-
fined as irreversible progressive loss of hard dental tissues 
by chemical dissolution without bacterial involvement. The 
relationship between asthma and dental erosion, it has been 
related to the decrease in the saliva flow modifying and re-
ducing the protective effects of saliva produced by the use 
of asthma medications. This study aimed to evaluate the 
possible relationship between asthma and dental erosion in 
children.
Methods: A systematic review of the last 18 years was con-
ducted on the topic of dental erosion and asthma. Spanish, 
Portuguese, and English were the languages chosen for the 

papers research. Studies were searched in PubMed, Google 
Scholar, Medline, and SCOPUS.
Results: The investigation and analysis of the three papers 
revealed the presence of a little amount of information related 
to dental erosion associated with asthma medication in chil-
dren. The pooled weighted average prevalence of dental ero-
sion in asthmatic children was 53%, compared with 50.42% 
in healthy controls.
Conclusions: The results revealed that the majority of stud-
ies show dental erosion is not associated with asthma medica-
tion. Although the prevalence of dental erosion in asthmatic 
patients is between 35% and 65%, not significant differences 
have been found.

345 | Minimally invasive dental bleaching 
technique in a young patient with white 
spot lesion pre- existing before orthodontic 
treatment begin: Clinical case report

Nara Sena1, Diana Feitosa3; Ginna Gonçalves3;  
Karla Cabral2, Daniela Pinto3; Naiany Peixoto3

1Post- graduation Program, Universidade Federal 
Do Ceará, Fortaleza, Ceará, Brazil; 2Odontologia, 
Universidade De Fortaleza, Fortaleza, Ceara, Brazil; 
3Odontopediatria, Academia Cearense De Odontologia, 
Fortaleza, Ceara, Brazil

Introduction: White spot lesions are clinically revealed as 
opaque white areas or small lines that can develop into large, 
decalcified areas, with or without cavitation.
Case Report: A female, 14 years old patient complained 
about the presence of several white spots and poor position-
ing of her anterior teeth. The lesions were not cavitated, 
were present in all teeth and had a diffuse appearance, with-
out clear delimitation. Initially, the patient was referred for 
orthodontic treatment and after completing this treatment, 
the patient returned to the Pediatric Dentistry clinic and the 
white spot lesions were reassessed. The treatment consisted 
of home and office techniques. In the homemade technique, 
the patient used 4 carbamide peroxide syringes, 2 of 10%, 
1 of 16% and 1 of 22% for night use; and a 7.5% hydrogen 
peroxide syringe and a 9.5% syringe for daytime use. And, in 
the second office sessions, hydrogen peroxide was used, with 
a concentration of 37.5% and 35%. The products used were 
SDI made. At the end of the treatment, the enamel surfaces 
were polished with discs and finishing tips and presented sat-
isfactory results.
Discussion: When planning treatment many aspects should 
be considered, such as extension of lesion, tooth affected and 
the age of patient. The non- invasive treatment is the best in-
dication for young patients.
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Conclusion: The minimally invasive treatment protocol used 
in this study proved to be efficient in teeth whitening in a 
young patient with white spot lesions.

1014 | Preventive therapy of white spot 
lesions in children from 3 to 12 years old using 
different remineralizing agents

Sviatlana Fiodarava1; Ana Veloso Durán2;  
Inés Rodriguez Fernandez3;  
Teresita Patricia Martinez Gómez4;  
Francisco Guinot Jimeno5

1DDS in Dentistry, Student of Master in pediatric 
dentistry at Universitat Internacional de Catalunya, 
Barcelona, Spain; 2PhD in Dentistry, Associate Professor 
of the Department of Pediatric Dentistry at Universitat 
Internacional de Catalunya, Barcelona, Spain; 3DDS in 
Dentistry, Master in Pediatric Dentistry. Professor of the 
Master in Comprehensive Pediatric Dentistry at Universitat 
Internacional de Catalunya, Barcelona, Spain; 4PhD 
in Dentistry, Professor of the Department of Pediatric 
Dentistry at Universitat Internacional de Catalunya, 
Barcelona, Spain; 5PhD in Dentistry from the International 
University of Catalonia, Head of the Department of 
Pediatric Dentistry at Universitat Internacional de 
Catalunya, Barcelona, Spain

Background: There are no scientific studies comparing the 
effectiveness of sodium fluoride (Duraphat®), fluorosilane 
(Fluor Protector®) and tiefenfluoride (Tiefenfluoride®). 
The aim of this study was to compare the efficacy of sodium 
fluoride, fluorosilane and tiefenfluoride in treatment of white 
spot lesions by clinical examination, photographic examina-
tion, and fluorescence.
Methods: A randomized clinical trial was carried out in chil-
dren aged 3 to 12 years at the Pediatric Dentistry Department 
of the International University of Catalonia, Barcelona, 
Spain. Eight variables were studied: age, sex, clinical car-
ies examination (ICDAS), tactile examination, color, size, 
depth of the white spot, and sensitivity. The sample was di-
vided into three groups (15 children per group). Professional 
hygiene was performed on all subjects and subsequently 
different fluoride agents were applied: sodium fluoride, fluo-
rosilane, and tiefenfluoride. At 3 months, effectiveness was 
evaluated using clinical examination (ICDAS), tactile and 
photographic examination, and fluorescence.
Results: A total of 45 children were included in the study. 
All the study groups had positive changes in color, size, 
depth of the white spots and decreased sensitivity after treat-
ment with sodium fluoride, fluorosilane, and tiefenfluoride 
(Duraphat®, Fluor Protector®, Tiefenfluoride®). There 

were no statistically significant differences regarding sex and 
age (P 0.05).
Conclusions: The fluoride agents used in the study are effec-
tive in treatment of white spot lesions. No differences were 
observed in the treatments regarding sex and age.

1020 | Development of oral health guidelines 
for parents for prevention of early childhood 
caries: An interventional study

G. Shwetha; Latha Anandakrishna
Department of Pediatric and Preventive Dentistry, Faculty 
of Dental Sciences, Ramaiah University of Applied 
Sciences, Bangalore, Karnataka, India

Background: Early Childhood caries (ECC) is still the most 
common infectious disease among children. The common 
consequence is pain that affects the daily activities; eating 
and sleep disturbances, delayed physical development and 
decreased cognitive abilities. Mother’s education level, bot-
tle feeding, brushing frequency, and child’s dental hygiene 
are few of the multiple risk factors for ECC. Lack of aware-
ness amongst parents on preventing and treating dental caries 
has resulted in a very high prevalence of caries among chil-
dren. Thus the aim of the study is to test the effectiveness of 
the guideline document in preventing ECC.
Methods: A Pretest questionnaire survey was conducted on 
100 mothers with children below 6 years of age, regarding 
the knowledge, attitude and perception on ECC. Later the de-
veloped guidelines on prevention of ECC were given to them 
followed by a post- test questionnaire. The data collected 
were analyzed using SPSS version 22, IBM. 2013.
Results: The post intervention period showed a mean knowledge 
score of 10.95 ± 2.66, which was significantly higher as com-
pared to pre intervention period of 7.63 ± 2.25 leading to 50.29 
% of increase in the knowledge scores among the study partici-
pants. This difference in the mean knowledge scores between 
pre and post intervention period was statistically significant.
Conclusions: Thus the guideline document in preventing 
ECC was effective in creating awareness on how to prevent 
ECC.

273 | Evidence based dentistry: A salient 
adjunct to clinical practice

Mehek Gandhi; Laxmi Lakade
Pediatric and Preventive Dentistry, Bharati Vidyapeeth 
Dental College and Hospital, Pune, Maharashtra, India

Background: Evidence based dentistry aims to bridge the 
gap between dental practitioners, dental researchers and 
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dental patients. It enables scope for new research, promote 
the use of best available evidence for improved clinical deci-
sion making.
Literature review: The concept of evidence- based medicine 
was introduced in the 19th century and was incorporated in 
the field of dentistry within no time. ADA and AAPD were 
the first to adapt and propagate this concept having the main 
pillars of evidence dental care as: relevant scientific evidence, 
patient needs and preference, and dentists’ clinical expertise. 
As these are subjective to every patient and practitioner sci-
entific evidence is of critical importance and a clinician’s 
best bet. The methods involved in evidence- based dentistry 
of creating, synthesizing and disseminating knowledge have 
evolved overtime from ‘learning by doing’ to ‘development 
of systematic reviews’. This has greatly evolved the way 
treatment is planned and delivered in current times. Pediatric 
dentistry is no exception, when the scope of evidence- based 
dentistry is spoken about. All realms of pediatric dentistry are 
rapidly adapting to this new age of evidence- based dentistry.
Conclusion: Evidence- based dentistry provides an amalga-
mation of science, clinical expertise, and patient needs to op-
timize patient care. Its contribution cannot be underestimated 
and therefore its acceptance into dental practice is the need 
of the hour.

1193 | Reducing biofilm streptococcus 
mutans production through inhibition gtfB 
by terpenoid of sarang semut (Myrmecodia 
pendans)

Meirina Gartika1, Husna Nugrahapraja2; Ifatul Khasanah2; 
Hening Tjaturina Pramesti3; Mieke Hemiawati Satari3

1Pediatric Dentistry, Dentistry Faculty, Universitas 
Padjadjaran, Bandung, Jawa Barat, Indonesia; 2Bioscience 
and Biotechnology Research Centre, Institut Teknologi 
Bandung, Bandung, Jawa Barat, Indonesia; 3Oral Biology, 
Dentistry Faculty, Universitas Padjadjaran, Bandung, 
Jawa Barat, Indonesia

Background: Terpenoids from Sarang semut (Myrmecodia 
pendans) are known to have anti- microbial properties that 
can be used to prevent dental caries. Streptococcus mutans 
produces glucosyltransferase which can produce insoluble 
glucan and form biofilms. The purpose of this study was to 
determine the effect of Sarang semut’s terpenoid on gtfB ex-
pression as a gene that regulates glucosyltransferase.
Methods: The type of research is laboratory experimental 
namely the preparation of S. mutans bacteria, followed by 
ethyl acetate extract of M. pendans bulbs (terpenoid fraction). 
The next step was analyzing 16s and gtfB gene expression 
which consisted of RNA total isolation, cDNA synthesis, se-
quencing, bioinformatics analysis, and validation using the 

PCR Reverse Transcriptase method. Chlorhexidine was used 
as a positive control. The effect of terpenoid fraction and 
chlorhexidine on genes involved in biofilm formation was 
analyzed using ANOVA with a significance level of 0.05.
Results: The results showed that there was an increase from 
0.74 to 1.93 in gtfB expression for the induction of Sarang 
semut’s terpenoid fraction that lasted for 1 and 30 minutes, 
while the induction of chlorhexidine showed a decrease from 
0.76 to 0.65. ANOVA test showed that there was a significant 
difference in gtfB expression in the Streptococcus mutans 
biofilm between the induction of terpenoid fraction and chlo-
rhexidine with P- value of 0.0114. Post hoc analysis showed 
that the difference in gene expression occurred at induction 
for 30 minutes with a P- value of 0.0212.
Conclusion: Terpenoid of Sarang semut increased the gtfB 
Streptococcus mutans production which resulted in no reduc-
tion of the biofilm.

979 | Silver diamine fluoride in 
management of early childhood caries: 
A review of literature

Navami Gopan; Latha Anandakrishna; C. Pushpalatha; 
Navami Gopan
Department of Pediatric and Preventive Dentistry, Faculty 
of Dental Sciences, Ramaiah University of Applied 
Sciences, Bangalore, Karnataka, India

Background: Silver Diamine Fluoride (SDF) is a fluoride based 
preventive agent which has both antibacterial and remineralizing 
effect. The first approved SDF product was introduced by Dr 
Nishino and Dr Yamaga in Japan. SDF helps in the management 
of early childhood caries, in a minimally invasive manner.
Literature Review: The search for an innovative preventive 
tool to combat dental caries led to SDF through numerous 
clinical trials on its efficacy. The clinical trials conducted on 
more than 3900 children proved that SDF is an effective car-
ies arresting agent. SDF enables caries arrest through bac-
terial killing and inhibiting multi- species cariogenic biofilm 
formation. Bi- annual application of 38% SDF is found to 
be more effective in reducing the demineralization process. 
Acute side effects have not been reported in any reviews or 
clinical trials using topical SDF. The minor side effects in-
clude metallic taste, transient gingival irritation and black 
discoloration of arrested carious lesion following SDF appli-
cation. This resulted in less acceptance of its use on anterior 
teeth. Conditioning with 38% SDF enhanced the resistance 
of GIC and Composite resin restorations to secondary car-
ies. The clinical success of SDF can be attributed to its an-
timicrobial activity and reduced rate of enamel and dentin 
demineralization.
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Conclusion: SDF has garnered much interest among practi-
tioners because it is an effective, affordable and safe option 
which is accessible even to the most vulnerable populations. 
SDF can be recommended as part of a comprehensive caries 
management program.

1050 | Caries experience among 12- year- old 
children in northwest russia: A cross- sectional 
study

Maria Gorbatova1,2; Andrej Grjibovski1,3; Anna Simakova2; 
Ekaterina Gudkova2; Lyubov Gorbatova2

1Central Research Laboratory, Northern State Medical 
University, Arkhangelsk, Russia; 2Department of Paediatric 
Dentistry, Northern State Medical University, Arkhangelsk, 
Russia; 3Department of Public Health, Healthcare, General 
Hygiene and Bioethics, North- Eastern Federal University, 
Yakutsk, Russia, Yakutsk, Sakha (Yakutia) Republic, Russia

Background: The prevalence of caries in Europe has been 
decreasing over the last decades. The data from Russia are 
scarce and contradictory. We estimated the prevalence and 
experience of dental caries among 12- year- olds in Northwest 
Russia.
Methods: Altogether, 1233 schoolchildren at the age of 12 
(52.9% girls) were selected at random from 7 urban and 5 
rural areas in the Arkhangelsk region participated in the re-
gional part of the 3rd Russian national cross- sectional dental 
study. Caries experience was assessed at D3 level. Caries ex-
perience was estimated using decayed (DT), missing (MT) 
and Filled (FT) teeth index (DMFT) and its components. 
Dichotomous and numerical data were analyzed using chi- 
squared tests and Mann- Whitney tests, respectively.
Results: Girls were more likely to have caries than boys 
(77.8% vs. 72.6%, P = 0.034). Similarly, the DMFT index was 
greater in girls than in boys (2.25 vs. 2.62, p 0.001). No dif-
ferences between the genders were found in DT (P = 0.281) 
while girls had more missing (0.06 vs. 0.03, P = 0.021) and 
filled (1.61 vs. 1.35, P = 0.006) teeth. No significant differ-
ences in the prevalence of caries between urban and rural 
areas were observed. Urban boys had greater DMFT scores 
(1.47 vs. 0.95, P = 0.034) due to more filled teeth (1.47 vs. 
0.95, P  =  0.006) than their rural counterparts. The corre-
sponding data for girls were 2.37 vs. 1.85, P  =  0.034 and 
1.70 vs. 1.20, P = 0.006.
Conclusions: Caries prevalence and experience among 
Russian 12- year- olds in Northwest Russia are greater than in 
most European countries. Significant gender and urban rural 
variations were observed.

1674 | Are parents really aware of the 
preventive effects of dental sealants? A review

Marco Gravante1; Lucia Toscano1,2,3

1Department of Neuroscience, Reproductive and Oral 
Sciences, School of Paediatric Dentistry, University 
of Naples "Federico II", Naples, Italy; 2Department of 
Neuroscience, Reproductive and Oral Sciences, University 
of Naples "Federico II", Naples, Italy; 3Department of Oral 
and Maxillo- Facial Sciences, Sapienza University of Rome, 
Roma, Italy

Background: Preventive dentistry is one of the most impor-
tant parts of Pediatric dentistry. In particular, dental sealants 
are a useful strategy to prevent caries and to manage early 
carious lesions. Despite the widespread use of this technique, 
efficacy and beneficial effects are not well known among 
parents of young patients. The aim of this review was to eval-
uate the knowledge and attitudes of dental technique among 
parents.
Literature review: A search from the following databases 
was conducted: MEDLINE, PubMed, Web of Science and 
Cochrane. Preferred Reporting Items for Systematic Reviews 
and Meta- Analyses statement to guide article selection and 
reporting were applied for this study. No restrictions were 
placed on language or date of publication. From the initial 
research 146 articles were obtained, of which 26 were in-
cluded in the systematic review. It turns out that most par-
ents are unaware of the preventive effects of dental sealants. 
Besides, parents with a higher socioeconomic status and 
education levels tend to have better oral health knowledge 
than parents with a lower socioeconomic status. Despite this, 
an even lower percentage of these parents don’t practice the 
preventive measures although they know their effectiveness 
and benefits. Furthermore, it has emerged that the primary 
source of information on preventive techniques is the dentist 
but often he doesn’t encourage parents to embrace preventive 
techniques for lack of time and academic deficiencies in the 
preventive field.
Conclusions: Parent’s dental sealants knowledge is insuffi-
cient and dentists need to encourage and educate them on the 
preventive techniques.
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426 | Evaluation of monitored tooth 
brushing effect on oral biofilm structure in 
children

Svetlana Gromova1; Ekaterina Kolevatykh1; Tatiana 
Agalakova1; Eugenia Korotkova2; Maria Medvedeva1; 
Nadezda Guzhavina1

11Dentistry Department, Kirov State Medical University 
of the Ministry of Healthcare of the Russian Federation, 
Russia; 2paediatry, Kirov Children’s Teaching Hospital, 
Kirov, Russia

Background: Saliva microbiological composition plays a sig-
nificant role in maintaining oral microbial homeostasis. We 
found compositional difference in oral microbiota between chil-
dren and adults. Microbial biofilm composition change plays a 
major role in the development of dental caries in children.
Methods: Biological material from children’s fissure surface 
was taken and studied. Children aged 8.54 ± 0.06 took part 
in the research. All the children were taught to brush their 
teeth properly.
The biological material was taken twice, before and after 
tooth brushing. The latter was done under medical supervi-
sion. The biological material was taken from the first per-
manent molars’ masticatory surface with the help of sterile 
paper pins and transported to the laboratory in sterile test 
tubes with an added preservative within 2 hours after the ma-
terial collection. Total bacterial count (TBC) was estimated. 
The data were analyzed using descriptive statistics.
Results: After the first monitored tooth brushing the TBC 
in children decreased by 95.8% (from 2.5x108 CFU/ml 
to 1.06x107 CFU/ml). Almost all Treponema denticola, 
Staphylococcus aureus and Veillonella parvula, the most com-
mon acidogenic anaerobic bacteria in the oral biofilm struc-
ture, disappeared. A significant decrease of Actinobacillus 
actinomicet and Lactobacillus ssp occurred (94% and 92%, 
respectively). The latter are facultative anaerobes, and they 
can effect acidity in the oral cavity under certain condition.
Conclusions: Correct and effective tooth brushing allows for 
significant decrease of dental plaque TBC and, thus, main-
taining health of soft and hard tissues of the oral cavity.

1415 | Salivary levels of iron and zinc 
in children under 3 years of age and their 
association with caries

Dennis Susilo; Amelia Rosa; Ami Angela Harahap
Paediatric Dentistry, University of Sumatera Utara, 
Medan, Sumatera Utara, Indonesia

Background: The prevalence of ECC in children under 6 
years of age is still high in Indonesia. Saliva as a diagnostic 

tool consists of trace elements which are known to have a 
protective effect on the formation of caries. This study was 
aimed to determine the concentrations of salivary iron (Fe) 
and zinc (Zn), and to investigate their association with caries, 
increasing age, and the number of deciduous teeth.
Methods: We conducted a cross- sectional study with 48 
children under 3 years of age divided into caries free and 
low caries groups. One milliliter of saliva was used with the 
absorbent method. Salivary Fe and Zn concentrations were 
measured using Atomic Absorption Spectrophotometer. 
Descriptive statistics and bivariate analysis were performed. 
Data with a P- value of ≤ 0.05 was considered as significant.
Results: The Fe and Zn concentrations were 0.0097 ± 0.0153 
and 0.0087 ± 0.0186, respectively. There were no significant 
differences between salivary Fe and Zn concentrations either 
with caries (P = 0.05), increasing age (P = 0.05), or the num-
ber of the deciduous teeth (P = 0.05). The mean value of sali-
vary Fe and Zn concentrations were higher in females than 
males, but no significant difference was found (P = 0.05). 
Salivary Fe concentration in the caries free group was higher 
than in the low caries group without any significant differ-
ence (P = 0.05). In contrast, Zn showed the opposite result.
Conclusion: No association was found between salivary Fe 
and Zn with caries, increasing age, and the number of decidu-
ous teeth.

313 | Comparison between neutralizing 
effect of tap water and filtered water rinse on 
salivary pH after 50% sucrose rinse solution

Magda Mutwakil; Ruaa Hassan
Pediatric Dentistry, University of Khartoum, Khartoum, 
Khartoum, Sudan

Background: To compare the effect of mouth rinse using 
tap water and different stages of filtered water on salivary pH 
following rinsing with 50% sucrose solution.
Method: A school based comparative cross- over trial was 
conducted among 101 children in the age group of 6– 10 
years. A pre- screening visit was initially held, participants 
were divided into 2 groups according to DMFT, and pH was 
measured at baseline, after rinsing with 50% sucrose solution 
and after rinsing with tap water. The same protocol was fol-
lowed for measuring pH after rinsing with filtered water on 
the second day. Randomization was followed in selecting the 
type of filtered water to be used. The results obtained were 
compared with the salivary pH after tap water and filtered 
water rinse using Kruskal- Wallis test and pairwise test in be-
tween the three types of filtered water.
Result: There was a significant difference in salivary pH 
after tap water and filtered water rinse, with a higher pH after 
filtered water rinse (P = 0.020). Also, there was significant 
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statistical difference between the three groups in pH only 
with reverse osmosis type of filter (P = 0.012), however, no 
statistically significant difference was found on the PH level 
after rinsing among the other two groups of filtered water 
(P = 0.547, 0.238 respectively).
Conclusion: Rinsing mouth with water (tap or filtered) can 
lead to neutralization of pH immediately, regardless its fluo-
ride content, thereby preventing the caries process.

1049 | Silver diamine fluoride is the magical 
stick against caries in paediatric patients 
during COVID- 19

Karmen Hattar
Armenia and Karmen Dental Care, Pediatric Dentistry, 
Jordan

Background: Dental caries continues to be a prevalent and 
severe disease in children. The use of silver diamine fluo-
ride (SDF) to treat cavities is not new. Reports of the use 
of silver as an antimicrobial date back to the 1800. SDF is a 
topical antimicrobial and remineralizing non- invasive treat-
ment for caries lesion. SDF inhibits dentin demineralization 
and collagen breakdown which results into increased dentin 
hardness. This non- aerosol generating technique allowed de-
livering dental treatment during Coronavirus disease- 2019 
(COVID- 19) much easier.
Literature Review: COVID- 19 pandemic has affected the 
world in an aggressive manner and the healthcare fraternity 
has been at the forefront in this fight. Dental professionals 
are at a larger risk to get infected owing to the proximity to 
the oral cavity. Along with other dental categories, paediatric 
dentistry too has to adapt quickly to new protocols so as to 
limit the increase of the global pandemic and possible cross- 
infections. SDF is a minimally invasive non- aerosolizing op-
tion that prevented non- cavitated lesions and arrested early 
decay among community dentistry patients when applied in-
dependently or concurrently with restorative procedures. SDF 
is a clear, odourless liquid indicated for treatment of sensitive 
teeth. It is also useful for arresting carious lesions in adults 
and children who are high caries- risk and/or have difficult- 
to- control, progressing carious lesions, those who are unable 
to tolerate invasive treatment, elderly populations, and those 
who are medically compromised or have additional care and 
support needs. Alice Trieu et al (2019) concluded that SDF 
is more effective caries management agent than NaF. Branca 
et al (2019) found that in primary teeth, SDF compared to no 
treatment, placebo or fluoride varnish appears to effectively 
prevent dental caries.
Conclusion: SDF is a non-  invasive treatment option for 
cavities, using a topical medicine that is painted on the tooth 
instead of a more invasive surgical (drill and fill) approaches. 

The unique characteristics of SDF in this global epidemic is 
the non-  aerosolizing approach. Most of the parent’s concern 
is permanent black staining of cavity after application of 
SDF. In conclusion SDF is safe, effective, efficient, patient 
centered, affordable and easy to apply material in the man-
agement of dentinal caries.

673 | "Herbal"-  The natural way to go for 
better oral health? A review of literature

Yashodhora Hazra; Arathi Rao
Department of Pediatric and Preventive Dentistry, Manipal 
College of Dental Sciences, Mangalore, Manipal Academy 
of Higher Education, Manipal., Mangalore, Karnataka, 
India

Background: Over the last few years, an increased use of 
natural and organic products has caught by storm. People 
gravitate towards herbal products as they view these being 
safer than those with chemical additives. Herbal products in 
the form of dentifrices, mouthrinses and medicaments have 
found their use in the field of Pediatric dentistry. The aim 
of this poster is to elaborate the use of herbal products as an 
alternative to their conventional counterparts.
Literature Review: Various studies have shown the remin-
eralizing and antimicrobial properties of herbal dentifrices. 
Streptococcus mutans Streptococcus sanguis, Actinomyces 
viscosus and Candida albicans are opportunistic microorgan-
isms found in the oral cavity and are implicated in several oral 
diseases. A study by Bhat et al showed herbal dentifrices were 
found to be effective in creating a zone of inhibition against 
these microorganisms and thus demonstrating antimicrobial 
efficacy. A study by Hosadurga et al showed herbal dentifrices 
reduced plaque and gingival inflammation in patients. The goal 
of pediatric endodontics is to eliminate infection and retain the 
tooth in a functional state until normal exfoliation. Turmeric, 
a natural herbal ingredient has been used as an alternative to 
the commercial intracanal medicament in pulpotomy owing to 
its anti- inflammatory properties. It was shown to have good 
clinical and radiographic success in a study by Purohit et al.
Conclusions: In conclusion, herbal products can be used in 
dentistry as antiseptic, antioxidants, and analgesic. They aid 
in healing of oral infections and boost immunity.
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705 | Interim therapeutic restorations 
(ITR): A boon to pediatric dental practice

Damodar Hegde; B. S. Suprabha
Pediatric and Preventive, Manipal College of Dental 
Sciences Mangalore, Manipal Academy of Higher 
Education, Manipal, Mangalore, Karnataka, India

Background: Minimally invasive dentistry (MID) is gaining 
popularity in children for the treatment of dental caries be-
cause it is perceived to be relatively non- invasive and there-
fore more likely to be accepted by children compared to the 
conventional approach to decay removal. Interim therapeutic 
restoration (ITR) is one of the techniques included under MID.
Literature Review: ITR involves caries management in in-
fants, children, adolescents and persons with special health-
care needs where delivery of definitive restorations needs 
to be postponed for a variety of reasons (e.g., age, medical 
risk). This concept is essentially derived from atraumatic re-
storative treatment (ART) which involves the removal of soft, 
completely demineralized caries- affected dental tissues fol-
lowed by restoration of the cavity with a fluoride- releasing re-
storative material. Unlike ART, rotary instruments for caries 
removal in ITR. The ultimate goal remains to replace the ‘in-
terim restoration’ with a ‘definitive restoration’ when suitable, 
though the comparative survival rates of these restorations 
may be indeterminate. A systematic review concluded that the 
success rates of ITR and ART in terms of durability of the 
restoration are comparable to traditional treatment methods. 
Another study comparing ITR with treatment under general 
anaesthesia concluded that ITR could be a viable alternative 
to treatment under general anaesthesia in pediatric patients.
Conclusions: ITR can be a boon to paediatric dental practice 
if utilized in proper clinical situations. This technique is a vi-
able option to control caries progression and instill compliant 
behaviour during dental treatment among young child patients.

264 | Study of the cariogenic diet in a 
group of chilean preschool children with early 
childhood caries

Eugenia Henriquez- D'Aquino; Pamela Muñoz- Cortes
Pediatric Dentistry, University of Chile, Santiago, Chile

Background: Early childhood caries is a multifactorial dis-
ease, in which diet plays an important role in its etiology. 
Evidence has shown that dietary practices, particularly the 
consumption of cariogenic foods, are critically important in 
the development of caries, constituting a necessary cause for 
their appearance. The purpose of this study was to analyze 
the cariogenic diet in a group of Chilean preschool children 
with early childhood caries.

Methods: The sample consisted of 214 children from 2 to 
5 years of age with early childhood caries attended at the 
Pediatric Dentistry Clinic of the University of Chile. The 
data were collected through an oral examination and a ques-
tionnaire on cariogenic foods that was applied to the parents. 
The variables analyzed were: sugary foods and beverages 
between meals and carbohydrate consumption. The data ob-
tained were analyzed using the Pearson chi- square test. To 
determine which of the cariogenic foods was the most associ-
ated with Early Childhood Caries, the OR calculation was 
performed through multivariate logistic regression analysis.
Results: The data show a highly significant association be-
tween ECC and the consumption of sugary foods and drinks 
between meals. In relation to the carbohydrate consumption, 
no significant differences were observed. The multivariate lo-
gistic regression analysis showed that the only significant de-
terminant in the model was the consumption of sugary drinks 
between meals with an OR: 3.048 (95% CI: 1.462– 6.355).
Conclusion: The results of this study are important in reduc-
ing the risk of early childhood caries and focusing dietary 
counseling for children.

1926 | Impact of caries classification on 
caries prevalence and treatment needs in 
schoolchildren: A comparison of Nyvad and 
df- s/DF- S

Daniela Hesse1, Vera M. Soviero2,3; Roberta Jorge2,3;  
Manon Bakker1; Clarissa C. Bonifácio1

1Department of Paediatric Dentistry, Academic Centre 
for Dentistry Amsterdam, Amsterdam, Netherlands; 
2Department of Paediatric Dentistry, Universidade do 
Estado do Rio de Janeiro, Rio de Janeiro, Brazil; 3Dental 
School, Faculdade Arthur Sá Earp Neto, Rio De Janeiro, 
Petrópolis, Brazil

Background: The assessment of different stages and activ-
ity of dental caries are important when strategies to halt and 
reverse the disease are target. This study aimed to evaluate 
the caries prevalence and treatment needs of schoolchildren 
when using Nyvad caries detection system versus decayed, 
filled surfaces (df- s/DF- S).
Methods: This study is part of a randomized clinical trial with 
4– 9- year- old children (n = 214) in a public primary school 
in Petrópolis, Brazil. Children were clinically examined for 
caries by one calibrated examiner using Nyvad criteria after 
2- years of the implementation of two different professional 
toothbrushing (PTB) regimen. The Nyvad scores were con-
verted into df- s/DF- S. Chi- square- test, McNemar- test and 
logistic regression analyses were used to analyze the data 
(α = 5%).
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Results: 167 children, with a total of 6,232 tooth- surfaces 
in the primary, and 10,975 tooth- surfaces in the permanent 
dentition were evaluated. Caries prevalence was higher when 
Nyvad was compared to df- s/DF- S, for both primary and per-
manent dentition (P = 0.05). For the primary dentition, df- s 
resulted in higher treatment needs compared to Nyvad (5.7% 
versus 3.5%; P = 0.001), while for the permanent dentition 
the opposite was observed (1.2% versus 3.0%; P = 0.001). 
Additionally, the treatment needs were overall low and no 
statistical differences between PTB groups were found 
(P = 0.05).
Conclusion: In the primary dentition, the use of the Nyvad 
resulted in higher caries prevalence, while the df- s resulted in 
higher percentages of treatment needs. In the permanent den-
tition Nyvad resulted in higher caries prevalence and higher 
treatment needs compared to DF- S.

595 | Serum and saliva vitamin D levels in 
relation to dental caries in young children

Alaa Hussein1; Manal Almoudi1;  
Mohamed Ibrahim Abu- Hassan2; Robert Schroth3; 
Bahruddin Saripudin4; Mohd Shawal Mohammad5

1Centre of Paediatric Dentistry and Orthodontics Studies, 
Faculty of Dentistry, Universiti Teknologi MARA, Sg. 
Buloh, Selangor, Malaysia; 2Centre of Restorative 
Dentistry Studies, Faculty of Dentistry, Universiti 
Teknologi MARA, Sg. Buloh, Selangor, Malaysia; 
3Department of Preventive Dental Science, College 
of Dentistry, Faculty of Health Sciences, University 
of Manitoba, Manitoba, Canada; 4Department of 
Paediatric Dentistry, Hospital Tengku Ampuan Rahimah 
Klang, Klang, Selangor, Malaysia; 5Centre of Oral and 
Maxillofacial Surgery Studies, Faculty of Dentistry, 
Universiti Teknologi MARA, Sg. Buloh, Selangor, Malaysia

Background: Several studies have reported that low levels 
of vitamin D (25(OH)D) are associated with an increased risk 
of dental caries and that optimal levels may offer protection. 
This study aimed to assess the relationship between serum 
and saliva 25(OH)D levels and caries among young children.
Methods: A total of 120 healthy children were recruited; 
93 with caries and 27 caries- free. Dental caries status was 
evaluated using decayed, missing, and filled in primary teeth 
(dmft) index. Blood and unstimulated whole saliva samples 
were collected. Laboratory analysis was performed using 
Enzyme- Linked Immunosorbent Assay Kit. Data were ana-
lyzed with descriptive statistics, bivariate and Spearman’s 
rank correlation analysis.
Results: There were no significant associations between 
serum and saliva 25(OH)D levels and caries status (P 0.05). 
Levels of 25(OH)D in serum were significantly higher than 

levels found in saliva (P 0.05), and a correlation between 
serum and saliva 25(OH)D levels was observed (P 0.05).
Conclusions: The association between serum and saliva 
25(OH)D and dental caries in young children was incon-
clusive. However, a positive and significant correlation was 
observed between serum and saliva 25(OH)D level. Further 
studies are warranted to investigate the definite relation be-
tween 25(OH)D levels and dental caries and using saliva 
25(OH)D as a non- invasive alternative method over blood 
samples.
Funding: This research project was funded by the Research 
Management Institute of Universiti Teknologi MARA 
(UiTM), Malaysia (600- RMI/DANA 5/3/BESTARI (P) 
(022/2018).

826 | Antimicrobial efficacy of herbal 
toothpaste containing bamboo salt

Mina Biria1; Yasaman Rezvani1; Romina Roodgarian1; 
Abbas Rabbani2; Parastoo Iranparvar1
1Pediatric dentistry, Faculty of dentistry, Shahid Beheshti 
university of medical sciences, Tehran, Iran; 2Dental 
Research Center, Faculty of dentistry, Shahid Beheshti 
university of medical sciences, Tehran, Iran

Background: In recent years, toothpastes containing herbal 
antimicrobial ingredients have gained popularity due to their 
reduced side effects. This study aimed to assess the antimi-
crobial efficacy of herbal toothpaste containing Bamboo salt 
on pathogens responsible for dental caries.
Methods: Sixty dental students aged 18– 30 years old were 
randomly assigned to the case (Tiger Herb® toothpaste) and 
control (Crest® Complete toothpaste) groups. Participants 
were instructed to brush their teeth twice a day with the Bass 
technique for four weeks and use dental floss every night. 
Saliva sampling was performed at baseline and was repeated 
after four weeks of toothpaste use. Salivary Streptococcus 
mutans and lactobacillus counts were determined. Mann- 
Whitney Rank, Independent t- test, and Wilcoxon test were 
applied at P = 0.05.
Results: Both toothpaste types significantly decreased the 
salivary counts of streptococcus mutans and lactobacillus 
(P = 0.001). No statistically significant difference was ob-
served between the antibacterial efficacy of two toothpaste 
types on streptococcus mutans (P = 0.108) and lactobacillus 
(P = 0.796).
Conclusions: Considering the observed efficacy of herbal 
toothpaste in the present study, it potentially qualifies as a 
complementary agent for self- care oral hygiene procedures.



114 |   ABSTRACT

554 | Effectiveness of diagnodent in 
detecting the extent of remineralization in 
primary teeth after pH cycling: An in  vitro 
study

Megha J Nair; Arathi Rao
Pediatric and Preventive Dentistry, Manipal Academy of 
Higher Education, Mangalore, Karnataka, India

Background: The changes after remineralization of teeth are 
difficult to detect clinically. A chairside device with a digital 
scoring helps the clinician to control demineralization and 
evaluate remineralization. This study evaluates the effective-
ness of DIAGNOdent in detecting the extent of remineraliza-
tion in primary teeth.
Methods: Ten exfoliated primary teeth with no visible white 
spots or caries were sectioned at CEJ. The samples were 
mounted on resin blocks to expose buccal surface, which 
were then serially polished to get a flat surface. The sam-
ples were submitted to demineralization and remineralization 
using fluoride varnish and then subjected to PH cycling pro-
cess to promote remineralization. The Surface Microhardness 
(SMH) and Laser Fluorescence analysis were performed at 
baseline, after demineralization and after remineralization& 
PH cycling.
Results: Paired t tests were performed to compare the LF 
readings and SMH values at baseline, after demineralization 
and remineralization. Baseline SMH values showed signifi-
cant differences from after demineralization & remineraliza-
tion. Baseline LF values showed significant difference from 
after demineralization and remineralization.
Conclusions: DIAGNOdent proves to be efficacious in de-
tecting the remineralization in artificially demineralized pri-
mary teeth under in vitro conditions.

1155 | Qualitative analysis and effects of 
three topical fluoride agents on demineralized 
human primary enamel using SEM, XRD and 
FTIR

Zohra Jabin; Nidhi Agarwal
Department of Pedodontics and preventive dentistry, 
Institute of Dental Studies and Technologies, Modinagar, 
Ghaziabad, Uttar Pradesh, India

Background: Topical fluoride therapy has proven benefits 
in the prevention of demineralization. A novel fluoride agent 
silver diamine fluoride (SDF) has emerged as a potent car-
ies arresting as well as caries preventing agent. The present 
study was aimed at assessing primary tooth enamel resistance 
to demineralization after topical application of SDF, ApF and 
NaF.

Methods: Enamel specimens were prepared from 30 caries 
free primary molars. These were randomly allocated to three 
groups of 10 each and were treated by three topical fluorides-
 Gr - 1 SDF, Gr- 2 ApF, Gr- 3 NaF. Three specimen from each 
group were placed on custom made acrylic blocks with 5x5 
mm of exposed window for SEM evaluation and rest of the 
specimen were ground into fine powder for XRD and FTIR 
analysis. The tooth blocks and treated specimens were sub-
jected to demineralization for 168 hrs.
Results: Morphologically, SEM images of all samples 
showed some groves and micro porosities along with ho-
mogeneously arranged crystals with well coalesced enamel 
rods without any loss of structural characteristics. Enamel 
was covered with a CaF2 layer which showed a granular 
morphology.
Chemically, the Ca/P molar ratios of all groups were similar 
with slight variations.
Structurally, the crystalline phases found in enamel by pow-
der XRD were hydroxyapatite and carbonate apatite. The 
initial peaks were obtained at 2θ values of 36.13, 40.20° and 
46.92° and there was a higher amount of incorporated type 
B carbonate than type A carbonate as evidenced by FTIR 
which was registered between 4000 and 400 cm−1 in a FTIR 
Spectrometer.
Conclusion: The study concludes that topical application of 
38% Sdf can inhibit demineralization of enamel.

834 | Values of DMFT components among 
children aged 12 from Skopje region- Republic 
of North Macedonia (RNM)

Sevdalina Janevska1; Biljana Getova2; Meri Pavlevska3; 
Sofija Carceva Shalja4; Gjorgi Getov5

1Department of Pediatric and Preventive Dentistry, Health 
Center Skopje; 2Department of Pediatric and Preventive 
Dentistry, Health Center Valandovo; 3Department of 
Pediatric and Preventive Dentistry, School of Dentistry, 
University “St. Kiril and Methodius” Skopje; 4Department 
of Pediatric and Preventive Dentistry, School of Dentistry, 
University “Gotse Delchev” Shtip; 5Private Practice, PDO 
Getov- dent Valandovo

Background: To determine the values of DMFT compo-
nents among children aged 12 from Skopje region to assess 
the effectiveness of the National Strategy.
Methods: About 30% of the population of RNM lives in the 
Skopje region. 627 children (314 males and 313 females), 
from urban and rural areas were examined. The examinations 
were performed by calibrated dentists following the WHO 
criteria and recording the findings in Oral Health Assessment 
Form for Children as per WHO’s recommendation. Because 
the examinations were performed within the framework of 
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regular systematic examinations, no approval from the par-
ents and ethics committee was required. During analyzing the 
data, a standard formula for DMFT index was used.
Results: The analysis showed a value of DMFT 2.77 where 
the number of carious teeth is 734 (42.1% of the total num-
ber of carious, extracted and filled teeth), the number of ex-
tracted teeth is 19 (1.1%) and the number of filled teeth is 
990 (56.8%).
Conclusions: Comparing the values of each component of 
the DMFT index with the values of nearby countries, such as 
Montenegro, Albania and Bosnia and Herzegovina, in which 
the health system and socio- economic conditions are similar, 
it is clear that component M is the lowest. Components C and 
F show increased awareness of oral health but still at an un-
satisfactory level, which indicates the need for further active 
education for proper nutrition with control over sugar intake 
and brushing teeth with emphasis on proper technique.

543 | Antibacterial efficacy of various 
dentifrices on Streptococcus mutans count in 
children with ECC: A pilot study

Tanvi Jindal; Nikhil Srivastava; Vivek Rana;  
Noopur Kaushik; Preeti Sharma
Department of Pediatric and Preventive Dentistry, Subharti 
Dental College and Hospital, Meerut, Uttar Pradesh, India

Background: The study has been planned to evaluate the 
antimicrobial efficacy of various commercially available 
dentifrices namely, active oxygen based, amine fluoride 
based, sodium monofluoro- fluoride based, herbal and non- 
fluoridated dentifrices on the S. mutans count in children 
with ECC.
Methods: 20 participants aged 3– 6 years with def ≥ 4 were 
selected and randomly divided into 5 groups of 4 children 
each, based on the dentifrice used as, Group I: Non- fluoridated 
dentifrice, Group II: Sodium Monofluoro- fluoride dentifrice 
(458 ppm), Group III: Amine Fluoride dentifrice (500 ppm), 
Group IV: Active Oxygen dentifrice and Group V: Herbal 
dentifrice. A baseline saliva sample was taken and cultured 
for mutans streptococci and the colonies were counted. 
Children were demonstrated the horizontal scrub method and 
then asked to brush their teeth using dentifrice given twice 
daily for 2 weeks. The saliva sample was then collected after 
2 weeks and streptococcus mutans was again estimated. Data 
was analysed using Wilcoxon t- test.
Results: Statistically significant results were found where 
Group II and Group IV showed significantly higher reduction 
in S. mutans count after 2 weeks of intervention than those of 
Group I, Group III and Group V.
Conclusions: The results showed that all the dentifrices used in 
the study were effective in reducing the microbial load, however 

Active Oxygen dentifrice and Sodium Monofluoro- fluoride 
dentifrice showed maximum reduction in cariogenic bacteria. 
The pilot study is still going on with much larger sample size.

765 | 38% Silver diamine fluoride (SDF): 
Literature review

Viveka Jindal; Varinder Goyal; Angel Bansal; Neha Garg; 
Deeksha Sharma
Pediatric and Preventive Dentistry, Guru Nanak Dev 
Dental College and Research Institute, Sunam, Punjab, 
India

Background: Dental caries is most prevalent disease. 
Complete removal of caries can sometimes be difficult es-
pecially in case of un- cooperating child patient. Recently, a 
new concept that is, non- invasive dentistry is being practiced 
for prevention and arrest of the caries. SDF is a new material 
which arrest progression of the dental carious lesion by non-  
invasive treatment.
Literature Review: SDF is a clear, alkaline solution contain-
ing Silver and fluoride, which forms a complex with ammo-
nia. SDF is painless, easy to use and inexpensive material. 
SDF has anti- bacterial action, inhibits caries progression via 
inhibiting biofilm formation and facilitates remineralisation. 
It used as caries arresting and preventing agent, as desen-
sitizing agent and as endodontic irrigant. SDF is an effec-
tive non-  invasive treatment for children’s tooth decay and 
well tolerated by children as a treatment technique and can 
be quickly applied to isolated tooth without any extensive 
excavation. 38%concentration of the SDF has been used for 
arresting the dental caries. Major side effect of SDF is back 
staining of the tooth. Use of Potassium iodide immediately 
after the SDF application reduces the black staining of the 
tooth.
Conclusions: SDF has proven effective in management of 
dental caries. SDF treatment is an efficient, simple, quick and 
safe method of dental treatment

423 | Isolation of Candida albicans from 
pre- school children and a study of its forms 
and acidogenic nature in early childhood caries

Tony Jose; Ann Thomas; Sowmya Shetty
Pediatric and Preventive Dentistry, A.J Institute of Dental 
Sciences, Mangalore, Karnataka, India

Background: ECC, a rampant type of dental caries in children 
below 71 months of age; a chronic childhood disease with a 
severe sequalae affecting the child and family. Recent literature 
suggests a probable role of Candida Albicans in Early Childhood 
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Caries etiopathogenesis. Under particular predisposing physi-
ological or pathological conditions, Candida is capable of pro-
voking pathologies via endogenous infectious mechanism for 
caries process. The aim of this study is to determine the Candida 
albicans counts, forms of existence and acidogenic potential in 
children without caries and with ECC and S- ECC.
Methods: 30 healthy pre- school children below 4 years of 
age were divided into Caries free, ECC and S- ECC based 
on AAPPD definition. Non- stimulated whole saliva samples 
were, cultured and Candida colonies were isolated using 
germ tube technique and its forms; yeast, hyphal and pseudo- 
hyphal were determined by gram staining technique under 
Light microscope. Further the cultured Candida plates were 
subject to maltose fermentation test to compare its acido-
genic potential in ECC and S- ECC groups.
Results: A Prevalence of Candida albicans of (63.3%) was 
found; it was mostly in S- ECC group. Yeast was the pre-
dominant (68.4%) morphological form exhibited. The acidic 
potential of yeast was found to be greater than the other path-
ological forms and was directly proportional to severity of 
Early childhood caries.
Conclusion: The study findings suggest that Candida albi-
cans was most highly prevalent in S- ECC group. This may 
be contributing for the rapid and widespread progression of 
ECC in the very young children with immature immune sys-
tem and not fully established microflora.

614 | Applications of silver nanoparticles in 
pediatric dentistry: A review of literature

K.V. Bharkhavy; Latha Anandakrishna; C. Pushpalatha
Pediatric and Preventive Dentistry, Faculty of Dental 
Sciences, Ramaiah University of Applied Sciences, 
Bengaluru, Karnataka, India

Background: The transition metal, “Silver” a natural bioc-
ide, has been used in dentistry in the form of silver amalgam 
since ages because of superior compressive strength. Ever 
since the emergence of nanosized elemental Silver, the hori-
zon of its dental applications widened extensively. Paediatric 
dentistry a versatile speciality, never ceases to incorporate 
the newer advancements into its technical armamentarium.
Literature Review: The evidence from reviewed literature 
suggests that, silver disrupts cell wall, cell cycle, respiratory 
process and proteins of bacteria and also causes free radi-
cal mediated damage, resulting in bacterial cell death which 
is further enhanced by the nano- size and resultant high sur-
face energy. In virtue of its antimicrobial effect, nano- silver 
is successfully employed as intracanal irrigants and medica-
ments. In addition, silver nanoparticles can infiltrate into 
demineralized area and precipitate, resulting in an increase in 
the enamel hardness and the resistance to demineralization. 

Nano- silver was effectively incorporated into Glass Ionomer 
Cement, bonding systems, pit and fissure sealants, dental 
composites, to improve concurrently the physical proper-
ties, antimicrobial and remineralizing effect of the restorative 
material while not compromising their existing properties. 
Novel remineralizing biomaterials like nano Silver- Calcium 
Glycerophosphate, Silver impregnated Sodium trimetaphos-
phate etc., were developed to aid in remineralization. Silver 
nanoparticles were incorporated into fluoride varnish and a 
novel nano- silver fluoride varnish was also developed to im-
prove anticaries efficacy.
Conclusions: Silver Nanoparticle incorporation into various 
biomaterials used in pediatric dentistry improves the antimi-
crobial and remineralization potency and can act as an ef-
fective anticaries agent. Hence, Nano- silver is an irrefutable 
biomaterial in Pediatric Dentistry.

1644 | Maternal vitamin D status and early 
childhood caries in young children

Gauri Kalra; Bhavna Saraf; Neha Sheoran;  
Priya Mendiratta; Pooja Srivastava
Pedodontics & Preventive Dentistry, Sudha Rustagi College 
of Dental Sciences & Research, Faridabad, Haryana, India

Background: A questionnaire study was conducted to evalu-
ate the knowledge and practices of mothers in respect to in-
take of Vitamin D and clinically correlate their vitamin D 
status with the presence of early childhood caries in their 
(2– 6 years) aged children in Faridabad, India
Methods: Ninety- five mothers were interviewed for their 
visit to gynaecologist and prenatal supplements intake, 
knowledge and their practices in prevention of vitamin D de-
ficiency. Children aged 2– 6 years were clinically examined 
and their caries status was recorded by deft index. Data were 
analysed using descriptive analysis and correlation of mater-
nal vitamin D status with the caries status was calculated by 
Independent T test.
Results: There was a good understanding of importance of 
vitamin D deficiency amongst the mothers. About 93.7% had 
visited gynaecologist and taken iron and calcium as basic 
supplements. The source of knowledge was mainly by doctor 
in 65% of mothers. However, only 11.6% knew the normal 
levels of vitamin D in blood. Most of them identified sun-
light as main source of vitamin D followed by milk and fish 
respectively. Most of them exposed to sun daily, with 32.3% 
exposing for at least 30 minutes. About 59% agreed to be vi-
tamin D deficient and opted for consumption of milk (78%); 
increased sun exposure (64.2%); supplementation (24%) to 
increase Vitamin D levels. deft (Mean 4.8)was found to be 
significantly more in children with vitamin D deficient moth-
ers (p 0.05).
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Conclusions: The study highlighted the need of awareness 
of importance of vitamin D deficiency amongst mothers and 
their children to prevent early childhood caries.

1889 | Oral health practice of a group 
of children during the early stage of the 
COVID-19 pandemic in Istanbul

Isil Ozgul Kalyoncu1; Gizem Ozcan2; Betul Kargul2

1Pediatric Dentistry, Eastern Mediterranean University, 
Faculty of Dentistry,, Gazimagusa, Cyprus; 2Pediatric 
Dentistry, Marmara University, Faculty of Dentistry,, 
Istanbul, Turkey

Background: The aim of this study was to evaluate changes 
in children`s oral dental health and diet and to learn about 
parents` attitudes towards dental treatment during the 
COVID- 19 pandemic.
Methods: A questionnaire related to the general and oral den-
tal health, eating patterns of children under quarantine and 
socio demographic characteristics of the family and parents` 
attitudes towards dental treatment during the COVID- 19 
pandemic was sent online using WhatsApp to a convenience 
sample of mothers with children between the ages of 8 and 
18, who lives in Istanbul.
Results: “The consumption of fast food, packaged food 
and carbonated beverages decreased during the COVID- 19 
outbreak” stated respectively by the 94%, 81% and 86% of 
mothers. “Children drinking much more water than they did 
prior to the COVID- 19 pandemic” stated by the 85% of the 
mothers. Mothers stated that their children did not change 
tooth- brushing frequency when they were no longer going to 
school. However, fewer brushed their teeth under supervision 
during COVID- 19 outbreak. Mothers of children reported 
that they were anxious or fearful about their children visit-
ing a dentist during the pandemic and most children missed 
routine dental visits.
Conclusions: The mothers who participated in this study rec-
ognized the importance of oral health to the well- being of the 
body.
This research is part of 2019- 1- RO01- KA202- 063820 
Erasmus+ Project “Oral Special Care Academic Resources” 
(OSCAR)

794 |  Management of incipient carious 
lesion

Neekita Kapil; Varinder Goyal; Tishya Koul; Tavleen Kour; 
Viveka Jindal
Paediatric and Preventive Dentistry, Guru Nanak Dev 
Dental College and Research Institute, Sunam, Sangrur, 
Punjab, India

Background: Dental caries is the most common cause of 
tooth destruction in the children. The Incipient carious lesions 
are non cavitated lesions which occur at the initial phase of 
tooth decay. These lesions can be treated early; hence pre-
venting further tooth destruction. So, early detection of den-
tal caries can prevent loss of tooth structure.
Literature Review: Most commonly these lesions appear 
as whitish spots on the enamel surface. There are various 
methods for the management of the incipient lesions, most 
effective been, use of remineralizing agents in the form of 
toothpastes, gels and varnishes and other being use of anti- 
plaque agents and use of fluorides. Dietary advices also play 
a very important role in the prevention of caries.
Conclusions: Management of incipient lesions as early as 
possible can save the teeth and hence preventing the other 
issues that may arise from severe tooth destructions.

937 | Health status of first permanent 
molars in 6- year old children from Bosnia and 
Herzegovina

Natasa Karaman
Department of Preventive and Paediatric Dentistry, Dental 
Clinic, Department of Preventive and Paediatric Dentistry, 
Faculty of Medicine University of Banja Luka, Banja Luka, 
Bosnia and Herzegovina

Background: The purpose of this study was to assess caries 
prevalence and the use of preventive and therapeutic treat-
ments of first permanent molars in 6- year- old children.
Methods: The sample consisted of 324 erupted first perma-
nent molars in 133 6- year- old children (mean age 6.6) who 
visited Dental Clinic, University of Banja Luka, Bosnia 
and Herzegovina, in the past two years (February 2019 –  
February 2021). The Study was retrospective and the data 
on first permanent molars was extracted from electronic 
patient records. Preventive treatments implied professional 
application of high- concentrated fluoride varnish and fissure 
sealants. Therapeutic treatment included dental fillings, deep 
caries treatment and tooth extraction. Chi- square test was 
used for data analysis.
Results: In 324 observed first permanent molars caries 
prevalence was 27%. Mean DMFT was 0.65. Prevalence of 
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caries in maxillary molars was 20.24%, while in mandibular 
molars 27% (x2 = 1.19, P = 0.275). In the past two years, 
64.26% observed molars were protected by preventive meas-
ures, while 35.74% received caries treatment. 61.18% max-
illary molars and 57.67% mandibular molars (x2  =  1,884, 
P = 0.169) received preventive treatments, while 38.81% and 
42.32% respectively (x2 = 4.546, P = 0.0329) needed thera-
peutic treatment.
Conclusion: Health condition in observed first permanent 
molars of 6- year- old children was not satisfactory, since the 
prevalence of caries and applied therapeutic measures were 
rather high.

891 | Photoreactive effect using indocyanine 
green and near- infrared diode lasers on 
Streptococcus mutans biofilm

Gwangsuk Kim; Yeowon Kim; Howon Park; Juhyun Lee
Department of Pediatric Dentistry, Gangneung- Wonju 
National University, Gangwon- Do, Gangneung, South 
Korea

Background: This study evaluated the effect of Indocyanine 
Green (ICG) and Near Infrared (NIR) diode lasers on 
Streptococcus mutans biofilm according to the concentration 
of ICG solution.
Methods: S. mutans biofilms were formed on the hy-
droxyapatite disk. An ICG solution (0.5, 1.0, 2.0, 3.0, 4.0, 
5.0 mg/mL) dissolved in sterile distilled water and NIR diode 
laser (300 mW output, 808 nm wavelength) were applied to 
the disk. All specimens were observed using a confocal laser 
scanning microscopy (CLSM) to estimate the inhibitory ef-
fect of the indocyanine green and near- infrared diode lasers. 
In addition, the temperature change of the biofilm surface 
during light irradiation was measured using a 1- channel ther-
mocouple thermometer.
Results: There was a statistically significant decrease of bac-
teria in the “ICG only” groups compared to the control group 
when the concentration was 3.0, 4.0, 5.0mg/mL. In addition, 
all groups of “ICG with NIR” showed statistically significant 
decrease in bacterial count compared with the control group. 
The increase in temperature ranged 9.53°C to 13.63°C, and 
the higher the concentration of the ICG solution, the greater 
the increase in temperature.
Conclusions: An ICG solution of 3mg/mL or more shows 
the inhibitory effect of S. mutans. When ICG and NIR are 
used together, S. mutans can be more effectively inhibited 
without damaging the surrounding tissues. Therefore, this 
study presents the possibility of clinical application of the 
photoreaction using ICG and NIR diode lasers as a novel 
method of the dental caries prevention.

598 | Impact of dental caries, dental 
fluorosis and molar incisor hypomineralization 
on oral health- related quality of life in 
adolescents

Paula Akemi Kominami1; Vanessa Reinaldo Carvalho1; 
Marília Bizinoto Silva Duarte1; Leandro Augusto Hilgert1; 
Ana Paula Dias Ribeiro2; Soraya Coelho Leal1;  
Eliana Mitsue Takeshita1

1Department of Dentistry, Faculty of Health Sciences, 
University of Brasília, Brasilia, Distrito Federal, Brazil; 
2Department of Restorative Dental Sciences, University of 
Florida, Gainesville, Florida, USA

Background: This study aimed to assess the impact of molar- 
incisor hypomineralization (MIH), dental fluorosis (DF), and 
dental caries (DC) on quality of life (QoL) in a population of 
Brazilian adolescents.
Methods: Participants aged 11 to 14, from Paranoá, Brasília, 
Brazil, were evaluated for DC, DF, and MIH. For this, the 
CAST (Caries Assessment Spectrum and Treatment), the 
Thylstrup and Fejerskov, and the MIH- SSS (MIH Severity 
Scoring System) were used, respectively. To assess the QoL, 
the Child Perception Questionnaire (CPQ11- 14) was used. 
The data obtained were submitted to descriptive statisti-
cal analysis and the chi- square test. To assess QoL, Mann- 
Whitney test was used (P = 0.05).
Results: Of the 400 adolescents examined, 52.25% were 
girls. Considering the oral health perception, there was 
no difference between adolescents with or without fluo-
rosis and with or without MIH. Adolescents with dentin 
caries lesions judged their overall oral health to be worse 
than those without dentin lesions (P = 0.038). Assessing 
the CPQ11- 14, there was no difference in the groups with 
or without MIH or fluorosis for the total score (p 0.05). 
However, adolescents with dentin lesions presented higher 
CPQ11- 14 values when compared to adolescents without 
dentin lesions (p 0.05). Considering three conditions sepa-
rately and coexisting, groups with only dentin lesion, as 
well as dentin lesion and fluorosis were statistically differ-
ent from the others (p 0.05).
Conclusions: Only DC presented an impact on QoL of ado-
lescents. The presence or not of MIH and DF did not show 
an impact on QoL.
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1601 | Effect of nitrite on dental plaque in 
children with dental caries: An ex vivo study

Darsana Krishnan; Korath Abraham; Ektah Khosla;  
Arun Roy; Elza Thenumkal
Pediatric and Preventive Dentistry, Mar Baselios Dental 
College, Kothamangalam Ernakulam, Kerala, India

Background: Dental plaque is considered more important 
in initiation and progression of carious lesion than saliva. 
Children with high salivary nitrite suffers lower caries ex-
perience. The study evaluated the effect of nitrite on dental 
plaque acidogenicity in children with caries experience.
Methods: 20 µl plaque was collected from 40 children (age 
range 3 - 12yrs). The initial pH (pH0) of each sample was 
measured using a portable pH meter. The samples were in-
cubated for 10 min, the pH was measured again (pH1). Next 
5% glucose was added to the sample and then incubated for 
further 10 min; the pH was assessed for a third time (pH 2) 
using the pH meter.
Results: In comparison to control group, the plaque pH was 
buffered in nitrite treated sample. Furthermore, an increase of 
the mean plaque pH of nitrite treated sample (pH 6.72) was 
observed compared to control group (pH 5.9) after glucose 
addition and incubation. The buffering effect of nitrite on 
dental plaque acidogenicity was not significantly correlated 
with caries experience.

Conclusion:The present study demonstrates that nitrite could 
buffer acid produced in dental plaque.

Nitrite might contribute in maintaining pH homeostasis in 
dental plaque by countering excess acidification.

Taken together, the present study revealed that nitrite 
holds potential effect against dental caries by inhibiting 
acid production in dental plaque and thus contribute in 
maintaining pH homeostasis.

1908 | Evaluation of prophylactic use of 
IgY containing chewable tablets on salivary 
Streptococcus mutans in children

Priya Subramaniam; Sruthi Krishnan
Department of Pediatric and Preventive Dentistry, The 
Oxford Dental College, Bangalore, Karnataka, India

Background: The study evaluated the efficacy of 
Immunoglobulin Y containing chewable tablets on the levels 
of Streptococcus mutans in children.
Method: The study group consisted of 30 children aged be-
tween 6– 12 years with def score 3 or DMFT score 1 visiting 

the department. Resting saliva was collected from each child, 
transferred to sterile Eppendorf tubes stored in icebox and 
transported to laboratory within 6 hours to assess the number 
of Streptococcus mutans colony forming units per 1 ml of sa-
liva. Each child was given one 20 mg chewtab (orange) soon 
after breakfast and one 40 mg chewtab (white) after dinner 
and tooth brushing. Instructions were given to chew the tab-
let, ingest and to avoid eating or drinking for at least 1 hour 
after taking the tablets. The resting saliva was taken before 
intervention and 30 days post intervention.
Results: The mean colony count of Streptococcus mutans 
before intervention was 320.67 and for the corresponding log 
transformation was 2.49. At 30 days post intervention, there 
was significant decrease in Streptococcus mutans count which 
was 25.70 and 1.36 for log transformation. (P = 0.001*)
Conclusion: The results suggested that Streptococcus mu-
tans was significantly reduced in children who consumed no- 
decay tablets. Early childhood caries development could be 
reduced by administration of Immunoglobulin Y containing 
chewable tablets as adjunct to daily use of fluoride containing 
toothpaste in children.

1706 | Evaluation of effect of fixed and 
removable appliances on oral microbiological 
flora in children aged 5– 12 years

Pratibha Kukreja1; Shivayogi Hugar2;  
Seema Hallikerimath3; Suma Sogi2;  
Chandrashekhar Badakar2; Prachi Thakkar4

1Dentistry for Children, Teens and Special Needs, Pandit 
Clinic, Pune, Maharashtra, India; 2Department of 
Pedodontics and Preventive dentistry, KLE VK Institute of 
Dental Sciences, Belagavi, Karnataka, India; 3Department 
of Oral Pathology and Microbiology, KLE VK Institute 
of Dental Sciences, Belagavi, Karnataka, India; 4Private, 
Practice, Mumbai, Maharashtra, India

Background: Guidance of eruption and development of the 
primary, mixed and permanent dentition is an integral part 
of comprehensive oral health care for all paediatric dental 
patients. Preventive and interceptive orthodontic therapy 
using fixed and removable appliances is meant to render the 
dentition in a more functional, occlusally harmonious and es-
thetic form. However, various deleterious effects associated 
with orthodontic therapy render the dentist and the patient in 
a dilemma to the receipt of orthodontic therapy. The present 
study was done to evaluate the effect of fixed and removable 
appliances on oral microbiological flora in children aged 5 
- 12 years.
Methods: Unstimulated whole salivary samples were col-
lected from patients wearing fixed (Group I) and removable 
(Group II) orthodontic appliances for estimation microbial 
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counts (Streptococcus mutans, Lactobacillus sp and Candida 
sp.). The values were obtained at baseline (at the time of ap-
pliance delivery), one month, two months and three months 
after placement of these appliances and compared.
Results: Statistically significant increase in the microbial con-
centration (Streptococcus mutans and Lactobacillus sp.) of sa-
liva was found at the end of three months. An unusual finding 
was the isolation of Candida sp. in three subjects with remov-
able appliances at follow up periods. Species identification re-
vealed C. glabrata in two subjects and C. albicans in one subject.
Conclusions: In children, fixed and removable orthodontic 
appliances act as opportunistic plaque retentive areas and call 
for appropriate oral hygiene appraisal and its reinforcement. 
Failing to follow a strict oral hygiene regime may lead to sig-
nificant enamel decalcification and plaque retention leading 
to alteration in oral micro flora which has detrimental effects. 
As preventive dentists, this study paves way for provision of 
incorporating practice guideline information for both dentists 
and children undergoing long term orthodontic therapy.

964 | Risk factors for early colonization of 
streptococci mutans in infants: A literature 
review

Gagandeep Lamba
Pediatric Dentistry, VSPM Dental College and Research 
Centre, Nagpur, Maharashtra, India

Background: Early childhood caries (ECC) describes pres-
ence of one or more decayed, missing or filled tooth surfaces 
in any primary tooth in a child under the age of 6. Despite 
significant advances in dentistry, ECC remains a serious 
problem. Mutans streptococci (MS) is one of the factors that 
is closely related to development of ECC and are usually es-
tablished in the oral cavity during early childhood. The aim 
of this review was to identify factors associated with early 
colonization of streptococcus mutans.
Literature review: Based on the PICO criteria, longitudi-
nal and observational studies involving infants and children 
ranging from birth to 24 months of age (P) who were exam-
ined clinically and evaluation of various factors like -  diet, 
oral hygiene, educational status of mother, etc. (I/E) with re-
spect to their streptococcus counts were identified (O).
The following MeSh words were used ((("child"[MeSH 
Terms]) OR ("infant"[MeSH Terms])) ) OR ("infants"[Title/
Abstract]) AND ("streptococcus mutans"[MeSH Terms])) 
OR ("streptococcus mutans/growth and development"[MeSH 
Terms])) OR ("colony count, microbial"[MeSH Terms])) 
AND ("dental caries"[MeSH Terms])) ) AND ("risk 
factors"[MeSH Terms]))) and a total of 220 studies were 
identified and 51 remained after we restricted our search to 
only English language articles and age group of infants to 

24 months of age group. Another 26 studies were removed 
after the retrieved studies were scanned based on their titles 
and abstracts because they did not meet the inclusion crite-
ria. Manual search revealed 14 articles out of which only 6 
articles were included based on the inclusion and exclusion 
criteria. 3 articles remained after duplicates were removed. 
So a total of 29 studies were included in the literature review
The role of MS in the etiology of dental caries in children is 
important and of great interest to researchers. MS coloniza-
tion in young children could be divided into bacterial fac-
tors, host factors and environmental factors. Bacterial factors 
include biofilm, bacterial virulence and bacterial transmis-
sion. Bacterial transmission results from increased numbers 
of MS in mothers or close contacts. MS can also be seen in 
infants before the teeth erupt. While host factors include he-
redity, surfaces for microbial adherence, diet, oral hygiene 
and saliva. Thus, defects on tooth surface could be an initiat-
ing factor for colonization. Poor oral hygiene also leads to 
early colonization of MS. Environmental factors include de-
mographic characteristics and socio- economic status of chil-
dren. Complex interactions among these factors determined 
the timing of MS colonization in children.
Conclusion: The main factors for early colonization of MS 
included its early exposure due to contact with caregivers 
who were high on MS, oral hygiene habits, exposure to car-
bohydrates and the defects of tooth surface.

229 | Mother- infant microbiome, cariogenic 
bacteria and oral probiotics –  Mothers’ point 
of view

Aneta Lazarova1; Adrijana Ugrinoska2;  
Olga Kokoceva- Ivanovska1; Elizabeta Gjorgievska1

1Department of Pediatric and Preventive Dentistry, Faculty 
of Dentistry, University "Ss Cyril and Methodius", Skopje, 
Republic of North Macedonia; 2Department for Intensive 
Care, Institute for Respiratory Disease in Children- Kozle, 
Skopje, Republic of North Macedonia

Background: In recent decades, there has been a growing 
interest in the use of oral probiotics in preventing caries, and 
the results of clinical trials to date have been promising. The 
aim of the study was to assess the knowledge and attitudes 
of Macedonian’s mothers regarding the maternal and infant 
microbiome, cariogenic bacteria and the use of oral probiot-
ics for caries prevention.
Methods: The survey was conducted in December 2020, by 
sending a questionnaire in a form of Google document to 
Macedonian’s mothers, members of social groups that cover 
topics of their interest. Only mothers older than 18 years, 
with one or more children, who understand Macedonian lan-
guage, were included in the study.
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Results: Total number of respondents was 520. 68.7% 
of them knew that beneficial bacteria are transferred from 
mother to child during birth, but only 24.2% knew that cari-
ogenic bacteria can be transmitted on same way during first 
years of life and 80.6% didn’t know that cariogenic bacteria 
are needed for caries to occur. Although only 6.2% of re-
spondents heard for probiotics for caries prevention, 81.5% 
of mothers would use probiotics if they knew that in that way 
would prevent tooth decay.
Conclusion: Insufficient knowledge versus mother’s posi-
tive attitude towards the use of novel preventive measures 
indicates the need of additional educational and preventive 
actions targeted at mothers as it is well known mother-  infant 
oral microbiome connection.

443 | Is bitewing radiography used 
appropriately for paediatric patients in 
primary care?: A multi- centre observational 
study

Jed Lee1; George Charalambous2; Harpreet Marwaha3

1Oral and Maxillofacial Surgery, Barking, Havering and 
Redbridge University Hospitals NHS Trust, London, UK; 
2General Dentistry, Birkbeck Dentistry, London, UK; 
3General Dentistry, Dental Beauty, London, UK

Background: In the UK, guidelines have been published 
to support clinicians regarding the indications for bitewing 
radiography and time intervals for repeating them based on 
caries risk. However, despite evidence for their diagnostic 
yield, previous surveys have reported underuse of bitewings 
for children in primary care. Therefore, the aim of this study 
was to evaluate the actual use of bitewing radiographs for 
paediatric patients across four primary care dental practices 
in England.
Methods: Data were collected from four primary care dental 
practices in England (West Sussex, Kent, and Suffolk). A list 
was collated of children aged 5 to 17 years that attended for 
initial examination appointments from January 2016 onwards 
and at least one subsequent recall appointment. Fifty eligible 
cases from each centre were randomly selected for inclusion 
in the study.
Results: Bitewing radiographs were taken at the initial ex-
amination appointment in only 21% (42/200) of cases. Dental 
caries was diagnosed in 54 patients; and of those, 35.2% 
(19/54) had bitewing radiographs taken as an adjunct for 
diagnosis/management, 5.5% (3/54) had other radiographs 
taken (e.g., periapical), and 59.3% (32/54) did not have any 
radiographs. At recall appointments, only in 31% (62/200) of 
cases were bitewing radiographs taken.
Conclusions: Bitewing radiographs were not frequently 
taken at examination or recall appointments for children in 

the four centres surveyed, which demonstrates their under-
utilisation as adjuncts to dental caries diagnosis and man-
agement. More research is required to identify the barriers 
to behavioural change and best methods to improve current 
practice.

454 | A prospective audit on paediatric 
diet advice delivered by undergraduate dental 
students

Jennifer Li; Tamay Mehmet; Abimbola Giwa
Faculty of Paediatric Dentistry, Barts and The London 
Institute of Dentistry, London, UK

Background: Diet advice is an integral part of caries pre-
vention, especially in high caries- risk children. This is often 
not delivered consistently by undergraduates. The aim was 
to evaluate diet advice provided by undergraduate dental stu-
dents to paediatric patients.
Methods: Prospective audit of high caries- risk paediat-
ric patients receiving treatment from undergraduates at 
the Sir Ludwig Guttmann Dental Centre between January 
and February 2020. Patients aged 3– 16 years and deemed 
high caries risk according to the Scottish Dental Clinical 
Effectiveness Programme (SDCEP) guidelines were in-
cluded. Using standards based on the SDCEP ‘Dietary 
Advice’ guidelines, the outcomes assessed were 24- hour diet 
history taken, 4- day diet sheet given, diet sheets returned, 
diet advice given, diet reviewed within 3 months, and com-
pliance with advice recorded, expressed as positive or nega-
tive. Primary analysis was performed comprising all students 
as a collective and secondary analysis compared across stu-
dent cohorts.
Results: 52 high caries- risk patients were included. 23.1% 
had 24- hour diet history taken, 61.5% were given a 4- day diet 
sheet, with 59.1% diet sheets returned. 40.4% were given diet 
advice and 5.8% had diet reviewed within 3 months. None re-
corded compliance with advice (0%). A general trend of im-
provement from third to fifth year was seen in all outcomes 
except giving 4- day diet sheets.
Conclusions: Further improvement in the delivery of diet 
analysis, advice, and monitoring by students is required 
to adhere to SDCEP standards. This will ensure all high 
caries- risk patients receive specific diet advice and im-
prove the quality of undergraduate paediatric preventative 
care.
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1274 | Perspective of dental students and 
surgeons regarding the management of deep 
carious lesions in deciduous teeth

João Abreu Lima Júnior1; Karla Shângela Silva Alves2; 
Daniela Nunes Pinto3; Deborah Karynnynny Viana Granja1; 
Kelly Maria Silva Moreira4; José Carlos Petorossi Imparato4; 
Sofia Vasconcelos Carneiro1

1Odontopediatria, Centro Universitário Católica De 
Quixadá, Quixadá, Ceará, Brazil; 2Odontopediatria, 
Universidade de Fortaleza, Fortaleza, Ceará, Brazil; 
3Odontopediatria, Centro Universitário Christus, 
Fortaleza, Ceará, Brazil; 4Odontopediatria, São Leopoldo 
Mandic, São Paulo, São Paulo, Brazil

Background: The partial removal of decayed tissue, aiming 
to favor pulp vitality, has been the elective treatment in the 
management of deep caries lesions. The present study evalu-
ated the knowledge of dental students and dentists regarding 
the management of deep caries lesions in deciduous teeth and 
their critical perspective on the concept of minimally inva-
sive dentistry.
Methods: This is a quantitative descriptive study. The sample 
consisted of 105 scholars and 20 dental surgeons. In order to 
obtain the data, a semi- structured questionnaire with 10 objec-
tive questions was applied, which were later tabulated for sta-
tistical analysis and presented by means of graphs and tables.
Results: Considering the questionnaire answers, it was possi-
ble to verify that 49% (n = 49) of the scholars and 40% (n = 12) 
of the dental surgeons know the scientific evidence that justi-
fies the partial removal of the carious tissue. As for the removal 
of carious dentin, 20% (n = 11) of the scholars remove all the 
softened darkened dentin, 15% (n  =  3) of the professionals 
perform this conduct. 37% (n = 39) of the scholars say they 
remove the decayed tissue until it comes out in chips or flakes. 
14% (n = 15) of the scholars and 5% (n = 1) of the profession-
als said they do not perform conservative management.
Conclusion: Although both scholars and dentists report adopt-
ing a conservative conduct during the removal of decayed tis-
sue, they do not perform practices that justify this statement.

1191 | Caries prevalence and its association 
with sickle cell disease in children and 
adolescents

Caroline Maria Igrejas Lopes; Suzana Silva Lira;  
Valdenice Aparecida de Menezes
Pediatric Dentistry, Universidade De Pernambuco, Recife, 
Pernambuco, Brazil

Background: Sickle cell disease is a common hereditary 
disease worldwide. It can impair the dental structures, 

facilitating the onset of dental caries. The objective of 
this study was to investigate the prevalence of caries and 
its association with sickle cell disease in children and 
adolescents.
Methods: This was a comparative cross- sectional study. 
The sample comprised 160 children and adolescents of 
both sexes, aged 6 to 18 years, 80 of them with the sickle 
cell disease (case group), and 80 without it (control group), 
matched for sex and age. Data was collected with the DMFT/
deft indexes and interviews with the parents/guardians. The 
data were analyzed with the chi- squared, Mann- Whitney, and 
Kruskal- Wallis tests, aided by the SPSS program, version 23, 
using the 5% significance level.
Results: The prevalence of caries in the case group was 
55.2%. In comparison with in the healthy group, the DMFT 
was greater in the sickle cell disease group (2.71 vs. 0.81) 
and in the group aged between 12 and 18- years- old (4.71 vs. 
1.51). In the disease group, the mean “decayed teeth” condi-
tion was higher, and they were more likely to have dental car-
ies (OR: 2.52), and a high caries experience (OR: 4.95). The 
deft index had a significant association in the “filled teeth” 
condition.
Conclusions: The prevalence and experience of caries were 
higher in the sickle cell disease group.

1126 | OXIS contacts as a risk factor for 
proximal caries: A retrospective cohort study

M. Kirthiga1; M. S. Muthu1, J. J. Cheoun Lee2;  
G. Kayalvizhi3; Vijay Prakash Mathur4;  
Kandaswamy Deivanayagam5; Naveenkumar Jayakumar6

1Centre for Early Childhood Caries Research, Department 
of Pediatric and Preventive Dentistry, Faculty of Dental 
Sciences, Sri Ramachandra Institute of Higher Education 
and Research, Chennai, Tamil Nadu, India; 2Private 
Practitioner, Children's Dental Centre, Seoul, South 
Korea, South Korea; 3Department of Pedodontics and 
Preventive Dentistry, Syamala Reddy Dental College, 
Bangalore, Karnataka, India; 4Department of Pedodontics 
and Preventive Dentistry, Centre for Dental Education 
and Research, All India Institute of Medical Sciences, New 
Delhi, New Delhi, India; 5Department of Conservative 
Dentistry and Endodontics, Faculty of Dental Sciences, Sri 
Ramachandra Institute of Higher Education and Research, 
Chennai, Tamil Nadu, India; 6Department of Oral and 
Maxillofacial Surgery, Faculty of Dental Sciences, Sri 
Ramachandra Institute of Higher Education and Research, 
Chennai, Tamil Nadu, India

Background: The aim of the present study was to evaluate 
the individual susceptibility of OXIS contact areas to proxi-
mal caries using electronic databases of children.
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Methods: A retrospective cohort study was planned using 
clinical photographs of children which were available from 
Jan 1st 2014 till 31st Aug 2019 with the presence of at least 
one caries free contact area between primary molars. Further, 
only those contacts with a minimum of one year follow up 
period were selected. A single calibrated examiner scored 
1102 selected contacts using OXIS criteria from occlusal 
view and subsequently evaluated the same contacts for the 
presence of proximal caries. The outcome was expressed as 
odd’s ratio with 95 percent Confidence Intervals (CIs).
Results: Out of the 1102 contacts, number of contacts found 
to be carious or restored due to proximal caries were 259 
(23.5%). The multivariate logistic regression analysis showed 
only the type of contact played a significant role in the caries 
prevalence (P = 0.05). The odd’s ratio of the OXIS contacts 
for development of proximal caries were S contact, 147.39 
(19.719– 1101.654) P value- 0.000; I contact, 24.544 (3.386– 
177.897) P value- 0.002; X contact, (1.109 (0.99– 12.452) P 
value- 0.933 and O contact, 1.00.
Conclusions: Among them, S type was the most susceptible 
to develop proximal caries owing to its complex morphology. 
The broad contact areas namely I and S types are at a greater 
risk for proximal caries than the O and X contacts.
Funding: This research project was supported by 
Wellcome Trust DBT India Alliance (Grant number -  IA/
CPHE/17/1/503352)

361 | Parental acceptance of silver diamine 
fluoride staining in Latvia

Ilze Maldupa1,3; Ilona Viduskalne1; Ieva Gavare1;  
Egita Senakola1; Anda Brinkmane1; Sergio Uribe1,2,3

1Department of Conservative Dentistry and Oral 
Health, Riga Stradins University, Riga, Latvia; 2Baltic 
Biomaterials Centre of Excellence, Riga Technical 
University, Riga, Latvia; 3School of Dentistry, Universidad 
Austral De Chile, Riga, Latvia

Background: Recent research has shown the effectiveness of 
Silver Diamine Fluoride (SDF) in arresting carious lesions in 
preschool Children. The silver present in SDF stains the cari-
ous lesion. Our aim is to assess the Latvian parents’ acceptance 
of primary teeth staining due to silver diamine fluoride (SDF) 
treatment and to identify factors that explain this acceptance.
Methods: Cross- sectional study; parents of preschool children 
were invited to fill a translated and validated online question-
naire (Crystal et al. 2017) during August- December 2020. 
Minimum sample size for national representativeness is 369, 
and this allows the detection of 7 multilevel factors. Data were 
analysed by descriptive statistics and logistic regression- model.
Results: We received 870 completed forms (97% mothers, 
91% urban, 29% Master- PhD, 54% attended in public service). 

Acceptance of SDF staining for anterior/posterior teeth is 
49%/84%. Factors significantly associated with higher ac-
ceptance were: for anterior teeth, parents with Master- PhD 
degree (OR  =  1.51, 95%CI[1.03,2.27]) or with 4 children 
(OR  =  2.48,95%CI[1.09,6.44]), and for posterior teeth, par-
ents of children who had been treated under general anesthe-
sia (OR = 8.60,95%CI[1.58,161]. For both anterior- posterior 
teeth, parents choosing private dentistry (anterior OR = 1.46, 
95%CI [1.03, 2.07]; posterior 1.80, 95%CI [1.03, 3.22]. Less 
acceptance was evident in parents whose children were cooper-
ative during restorative treatment (anterior OR = 0.53, 95%CI 
[0.30, 0.94]; posterior (OR = 0.28, 95%CI [0.14, 0.62]).
Conclusions: Latvian parents report moderate- to- high ac-
ceptance of SDF staining and the reasons associated with this 
acceptance vary according to tooth type.
Funding: Post- doctoral- Research- Aid- Programme (1.1.1.2/
VIAA/3/19/540, Contract No. 9.- 14.5/27).

1868 | Preservation of early cavitated 
lesion in primary tooth using resin infiltration 
technique: A review

Nishi Malviya; Sudhindra Baliga
Pediatric and Preventive Dentistry, Sharad PA war Dental 
College and Hospital, Dmims, Sawangi Meghe, Wardha, 
Maharashtra, India

Background: Recent trends focus on conservative ap-
proaches for the preservation of primary teeth using a newer 
modality, Resin infiltration technique has been used for con-
servative management of cavitated smooth surface lesions 
in primary teeth, with the potential for improved behavioral 
management.
Literature Review: Resin infiltration technique is a micro 
invasive technology that reinforces, fills and stabilizes dem-
ineralized enamel without drilling or sacrificing healthy tooth 
structure. The minimal invasive technique can be used to treat 
proximal and smooth surface lesions. The principle of resin 
infiltration is that it acts upon the porous enamel structure with 
low viscosity resin, thereby sealing the early carious lesion by 
blocking the cariogenic pathway. In the conventional drilling 
method, there are more chances of dislodgement during the 
placement of proximal restorations in primary molars, where 
isolation is required. However, when treated with the resin in-
filtration technique, there is little chance of dislodgement.
Conclusion: Minimal invasive dentistry, such as the resin 
infiltration technique, seems to provide a good solution for 
dealing with early enamel lesions. Resin infiltration tech-
nique can be used for the management of early proximal 
lesions of primary molars using material such as ICON, a 
commercially available resin infiltration kit.
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1364 | A literature review of the utilisation 
of school- based prevention and screening 
methods

Ravina Mandair
Department of Paediatric Dentistry, Edinburgh Dental 
Institute, UK

Background: Across the globe, children from lower socio- 
economic backgrounds are faced with barriers in accessing 
general dental services. These may present as financial, so-
cial, geographical, structural, or cultural in nature. The pres-
ence of dental screening and prevention services in schools, 
may help to improve oral health disparities amongst children, 
as schools should theoretically be accessible to all children. 
This literature review will highlight in what ways school- 
based dental programmes have affected their participants 
over the past ten years.
Literature Review: In some US states, dental hygienists 
can provide preventative services in schools unsupervised, 
including fluoride varnish, sealants and dental referrals. In 
Kerala, primary school teachers were trained in oral health 
education and an improvement in dental caries and oral 
health status of the children in the study group was found. 
A school- based oral health programme in Kuwait which 
involved children and their mothers found a positive effect 
on the child’s dental health, but no significant impact to the 
mother’s knowledge. An oral health education programme 
ran in Nigeria found that schools wanted to incorporate the 
programme into their curriculum.
Conclusion: Oral health programmes in schools range 
from the delivery of oral health instruction in assemblies, 
to screening and preventative interventions. Assemblies 
have shown to be implemented at low cost. Although the 
clinical effectiveness of this is unclear, there are still impli-
cations on developing countries and deprived areas, where 
introducing these low- cost programmes may have maxi-
mum impact by reaching all children, including the most 
disadvantaged.

1376 | Effects of dental biofilm and CO2 
laser irradiation on the inhibition of bovine 
enamel demineralization: An in  vitro study

Lenita Marangoni- Lopes1; Bruna Raquel Zancopé1; 
Gabriellen F. Gomes1; Emerson Tavares de Sousa1;  
Lidiany Karla A. Rodrigues2; Carolina Steiner- Oliveira1; 
Marinês Nobre- dos- Santos1

1Department of Health Sciences and Pediatric Dentistry, 
Piracicaba Dental School, University of Campinas -  
Unicamp, Piracicaba, SP, Brazil; 2Faculty of Pharmacy, 
Dentistry and Nursing, Federal University of Ceará, 
Fortaleza, CE, Brazil

Background: To evaluate if biofilm covering the enamel 
surface reduces the effect of CO2 laser (λ = 10.6 μm) irra-
diation in inhibiting lesion progression of the bovine dental 
enamel surface.
Methods: For in situ biofilm formation, 10 volunteers 
wore palatal appliances containing 08 specimens of bovine 
enamel each, during three- days to provide biofilm accumu-
lation. On the 3rd day, the specimens were removed from 
the palatal appliances and irradiated with CO2 laser (λ10.6 
µm) and fluency of 11.3 J/cm2 according to the follow-
ing groups (n = 20): 1) pH cycling (Negative Control), 2) 
Biofilm + pH cycling, 3) Removed biofilm + CO2 laser 
irradiation + pH cycling, 4) Biofilm + CO2 laser irradia-
tion + pH cycling. After pH cycling, 15 enamel specimens 
of each group were subjected to microhardness analysis 
and 5 specimens were evaluated using scanning electron 
microscopy (SEM) analysis. Data of the enamel mineral 
loss was analyzed by analysis of variance followed by the 
Tukey test.
Results: Microhardness results showed a statistically signifi-
cant difference between control and laser groups (P = 0.05). 
However, there was no difference between the laser- irradiated 
groups (P = 0.05). The SEM observations showed evidence 
of melting and fusion in non- removed biofilm groups; how-
ever, in the removed biofilm group, it was possible to observe 
less surface alteration.
Conclusions: Biofilm covering the enamel surface did not 
reduce the effect of CO2 laser irradiation in inhibiting lesion 
progression of the bovine dental enamel surface. Besides, it 
is suggested that dental biofilm exhibited a protective effect 
of the irradiated enamel surface.
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1694 | Ultraconservative treatment on 
primary central incisors with 36 months of 
follow- up: A case report

Giovanna Marinho; Fernanda Yanai, Hean Gi Kim;  
Leticia Arima, Emanuella Pinheiro; José Carlos Imparato
Department of Paediatric Dentistry, School of Dentistry of 
University of São Paulo, São Paulo, Brazil

Introduction: The minimum invasive concept has been in-
creasingly gaining notoriety in dentistry. This case report 
aimed to evaluate the clinical and radiographic results of den-
tine caries lesions treated with an ultraconservative protocol 
in a pediatric patient.
Case report: A 4- year- old male patient was referred to the 
School of Dentistry of University of São Paulo presenting 
dentin active caries lesions in teeth 51 and 61. The patient pre-
sented a good oral hygiene, absence of symptoms or aesthetic 
complaint. An ultraconservative protocol has been proposed. 
Firstly, the mesial surfaces were regularized using abrasive 
strips to avoid retentive areas and biofilm accumulation, thus 
facilitating access for toothbrushing with fluoride toothpaste 
(1,100 ppm). Secondly, a four- time fluoride varnish (22,600 
ppm) application was also performed with an interval of one 
week between them. The patient`s mother received instruc-
tions of oral hygiene and diet care. The patient was followed-
 up clinically and radiographically for 36 months.
Discussion: The fluoride therapy has an important role in the 
preventive approach of caries lesions. The association of its 
effects with a satisfactory oral hygiene allows an ultraconser-
vative treatment which can inactivate caries progression. In 
this clinical case, the fluoride varnish sessions were associ-
ated with a surface regularization which concedes a better 
access to oral hygiene. The ultraconservative concept can be 
a valid alternative due to its simplicity, low cost, and good 
acceptance by young children and their parents.
Conclusion: Dental caries surfaces regularization associated 
with fluoride therapy showed a long- term success in control-
ling dental caries progression.

1186 | Relationship between dental caries 
and adherence to Mediterranean diet in a 
population of children aged 3 to 9

Laura Marqués Martinez1; Carla Borrell Garcia1;  
Esther Garcia Miralles2

1Department of Dentistry, Cardenal Herrera- CEU 
University, CEU Universities, Valencia, Spain; 
2Department of Dental Medicine, University of Valencia, 
Valencia, Spain

Background: Dental caries is a multifactorial infectious 
disease which represents an important health problem 

worldwide. The aim of the present study was to establish 
the relationship between dental caries and adherence to the 
Mediterranean diet through the KIDMED questionnaire in a 
population of 3– 9 year old children.
Methods: A cross- sectional study was conducted in a pop-
ulation of 268 Valencian children aged 3 to 9. First of all, 
questionnaire KIDMED was filled out by every patient/
caregiver to determine the adherence of every patient to 
the Mediterranean diet. Afterwards, a clinical exploration 
of the temporary teeth was carried out using dmf and dmfs 
indexes. Descriptive and inferential statistical analysis were 
performed using Kruskal- Wallis test.
Results: 63.4% of the studied population presented caries. 
The dmf and dmfs indexes obtained were 0.234 and 0.098 
respectively. The mean value of the KIDMED index was 
7,116 showing values from - 1 to 11. Patients were classified 
as follows: High adherence to Mediterranean diet (47.4%), 
medium adherence (47%) and low adherence (5.6%). A sta-
tistically significant relationship was also found between dmf 
and dmfs indexes and a low adherence to the Mediterranean 
diet (P = 0.000).
Conclusions: A direct association was observed be-
tween dental caries in children and a low adherence to the 
Mediterranean diet.

1403 | Early childhood caries and its 
relationship with the labial frenulum in 
children from 3 to 5 years of the city of 
Zacatecas

Rosa María Martínez Ortiz; Jesús Andrés Tavizón García; 
María Dolores Carlos Sánchez
Academic Unit of Dentistry, Autonomous University of 
Zacatecas, Zacatecas, Mexico

Background: Early Childhood Caries continues to be a 
priority Oral Health problem, proof of this is the last epide-
miological survey in Brazil in 2010, whose prevalence was 
53.4%   in children under 5 years of age. During the dental 
examination in preschool children, it was observed that the 
Maxillary Frenulum, which can influence the appearance 
of Early Childhood Caries, in the anterosuperior sector, in 
addition to the diastema caused by the low insertion of the 
frenulum, causes periodontal problems and malocclusions in 
permanent dentition.
Methods: Type of study: bivariate, relational analytical 
study, the sample size was 193 children. The direct visual 
method and buccal retractors were used in order to lift the 
upper lip, the morphology of the labial frenulum was clas-
sified according to the Sewerin typology and its fixation 
according to Placek et al. The ICDAS criteria were used in 
order to categorize Early Childhood Caries. The data were 
processed in the SPSS program. V.24. and Excel. 2016. 
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Pearson`s correlation analysis was carried out, in order to 
correlate variables such as: Presence of Early Childhood 
Caries in the anterosuperior segment and maxillary frenulum, 
(type of insertion, shape and size of the Frenulum).
Results: The prevalence of White Spots. (ICDAS). It was 
8.8% in the Anterosuperior sector (teeth 51, 52, 53, 61, 62, 
63). The most prevalent morphological type of maxillary la-
bial frenulum was the simple type that increased significantly 
with age followed by the persistent tectolabial frenulum that 
decreased significantly with age (P 0.001). The most common 
location of the frenulum junction was the alveolar mucosa 
followed by the gingiva and the papillary penetrating incisal 
papilla. The level of attachment tends to move apically and, 
therefore, the prevalence of attachment in the alveolar mu-
cosa increased significantly with age. (5 years). There was no 
significant correlation at the 0.05 level (Bilateral), between 
Early Childhood Caries and persistent tectolabial frenulum.
Conclusions: The type of frenulum insertion contributes to 
early childhood caries or demineralizations (white spot), due 
to lack of proper tooth brushing and limited self- cleaning. It 
is necessary to expand the sample and perform another type 
of statistical analysis such as Student`s T, or Chi square.

1885 | Caries risk prediction using salivary 
SIgA concentration in stunting children

Aisyah Marwah; Udijanto Tedjosasongko; Ardianti 
Maartrina Dewi
Department of Pediatric Dentistry, Faculty of Dental 
Medicine, Surabaya, East Java, Indonesia

Background: Stunting in children is an effect of nutri-
tional deficiencies during the first thousand days of life, 
which lead to irreversible disruption in a child’s physical 
development, causing a decrease in cognitive and motoric 
abilities, along with the decrease in activity performance. 
The prevalence of stunting children in Indonesia in 2019 
was 27.67%, placing it as the third- highest in the Southeast 
Asia region. Stunting children have atrophied salivary 
glands that decrease saliva production causing salivary 
functional degradation as a buffer, cleansing, antibacterial 
agent, and a decrease in sIgA expected to have an impact 
in greater caries risk. This literature review aims to analyze 
the possibilities of salivary sIgA concentration in predict-
ing caries risk in stunting children.
Literature Review: In stunting, Protein Energy Malnutrition 
occurs, that is an imbalance between protein intake and energy 
alongside a decrease in the body’s ability to function optimally. 
It affects the child in physical and cognitive growth disruption 
as well as vulnerability towards infections. Effects of stunting 
include impairment in helper T cells population decrease in mu-
cosal plasma cells that produce immunoglobulin A and mucosal 

epithelial atopy leading to decreasing sIgA concentration form-
ing the defensive immunity of oral mucosa. These conditions 
lead to an increase in S. mutans ability to bind with a salivary 
pellicle, producing glucosyltransferase, facilitating Glucan 
Binding Proteins for bacterial colonization, increasing the ability 
of S. mutans to withstand critical pH causing pathogenic bio-
films which contribute in demineralization which in turn leads 
to caries.
Conclusion: sIgA in saliva has potency in predicting caries 
risk in stunting children.

1247 | Antibacterial activity of Plectranthus 
amboinicus against oral pathogens: An in- silico 
approach

Divya Mary Mathew1; C. Pushpalatha1; V.S. Gayathri1; 
Pooja Hirekodi2; Latha Anandakrishna1

1Department of Pediatric and Preventive Dentistry, 
Faculty of Dental Sciences, Ramaiah University of Applied 
Sciences, Bangalore, Karnataka, India; 2Department of 
Pharmaceutical Chemistry, Faculty of Pharmacy, Ramaiah 
University of Applied Sciences, Bangalore, Karnataka, 
India

Background: Plectranthus amboinicus is a medicinal 
plant, also known as Indian borage has antifungal, antivi-
ral, anti- tumorigenic, antibacterial, anti- inflammatory, and 
anti- mutagenic properties. It is found that β- caryophyllene 
an active ingredient present in Plectranthus amboinicus 
was essential for these properties. In the present study 
an in- Silico study was conducted to identify the specific 
protein targets against Streptococcus mutans which is 
unexplored.
Methods: Molecular protein target of Streptococcus mutans -  
glucansucrase (PDB No: 3AIE) were retrieved from RCSB pro-
tein databank. Molecular docking study was carried out through 
Autodock 4.2 tool and visualized through Maestro viewer tool. 
Molecular dynamic study was carried out for the potent target 
complex by Desmond package of Schrodinger suite.
Results: Among the test molecules β- caryophyllene an active 
ingredient of Plectranthus amboinicus showed potent bind-
ing affinity towards targeted protein. It showed binding score 
of - 7.7 kcal/mol protein targets respectively. β- caryophyllene 
binds covalently with TYR916, HIS587, ALA478, LEU433, 
TYR610, LEU382 and PHE907 amino acid residues of glu-
cansucrase protein. Molecular dynamic result showed that 
the β- caryophyllene with 4 glucansucrase complex was stable 
during the 50ns and the Root Mean Square Deviation & Root 
Mean Square Fluctuation was found to be stable and showed 
a stable interaction.
Conclusions: Among the test phytochemical molecule, β- 
caryophyllene present in Plectranthus amboinicus was found 
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to be potent. The result revealed the drug moiety is a prom-
ising candidate in the treatment of bacterial oral infection. 
Further the drug can be formulated in a suitable formulation 
for the treatment of dental caries.

882 | Influencing caries through television 
advertising among indian children

Anmol Mathur1; Aditi Mathur2

1Department of Public Health Dentistry, Dr D Y Patil 
Vidyapeeth, Pune, Maharashtra , India; 2Department 
of Pedodontics and Preventive Dentistry, Dr D Y Patil 
Vidyapeeth, Pune, Maharashtra, India

Background: Marketing directed towards children should be 
an issue of concern of the present day society. This practice 
has gained momentum with increasing globalization, children 
are recognized as easy targets in this process and their choice 
of can easily be influenced by advertisements. Increasing mid-
dle income strata, extent of technology and thorough market 
research strategies are all boosting the threat in developing 
economies like India. Thus, there arises a major concern for 
identifying current food marketing strategies.
Methods: The desired channels were recorded for selected 
weekend hours during which a large number of where maxi-
mum children intend to view the desired programmes. The 
advertisement was recorded for the time duration and product 
of sale. Two investigators cross verified the durations made 
on the recordings in order to avoid bias. The time durations 
were calculated and mean and SD were intended for easy 
comparison.
Results: The advertisement from the selected four channels 
were categorised as follows: first broadly candy, sweets and 
lollypop with maximum time of advertising, second were 
bakery products such as cookies and cakes followed by chips 
wafers and lastly morning packaged cereals were found to be 
advertised on television among food category.
Conclusions: There is an urgent need for the government to 
draft and implement laws that deal with advertisement target-
ing young children products. Strict regulations need to be laid 
towards potential cariogenic food items. Morally companies 
must ban/limit on advertising products with potential cari-
ogenic influence. Warnings on packaging pertaining its cari-
ogenic potential effects must be made mandatory to sensitise 
the parents towards its ill effects.

1809 | Comparative evaluation of the 
effect of immunoglobulin y and probiotic in 
reduction of S. mutans counts in caries- free 
children: A randomised controlled trial

Shivani Mathur; Sakshi Jain
Pediatric and Preventive Dentistry, ITS Centre for Dental 
Studies and Research, Ghaziabad, Uttar Pradesh, India

Background: Reducing the number of S. mutans is important 
for prevention of dental caries. Investigations are currently 
underway to develop alternative methods of caries prevention 
utilizing passive immunization. Immunoglobulin Y (IgY), an 
antibody found in chicken eggs, has been reported to inhibit ad-
hesion of S. mutans to tooth surfaces. Recently probiotics have 
also gained popularity in caries prevention based on reports that 
they kill/inhibit growth of pathogens through production of bac-
teriocins, which are antagonistic towards pathogenic bacteria.
Methods: 60 healthy caries- free 5– 12 year old children were 
randomly divided into 2 groups; Group 1: Immunoglobulin Y 
and Group 2: probiotics. Children in each group were given 
Immunoglobulin Y or probiotics tablets respectively for 15 
days. S. mutans counts were evaluated at baseline, 15 days 
and 3 months using mutans sanguis agar. Plates were incu-
bated for 48h in an atmosphere containing 5% CO2 and 95% 
N2 at 37℃. Colony forming units on plates were counted 
using a colony counter by a blinded assessor.
Results: Paired ‘t’ test was applied to evaluate changes in 
S. mutans counts. Significant reductions were seen after 15 
days using both Immunoglobulin Y and probiotics (p 0.05). 
However after 3 months, S. mutans counts were significantly 
reduced compared to baseline in the Immunoglobulin Y 
group (p 0.05), while the probiotic group did not show a sig-
nificant decrease (p 0.05).
Conclusions: Both Immunoglobulin Y and probiotics can be 
used as effective means of caries prevention; however, in this 
study, immunoglobulin Y resulted in a relatively prolonged 
decrease in S. mutans counts.

1737 | What can impact the development of 
carious lesions in teeth with molar- incisor hypo 
mineralization (MIH)?

Fernanda Mendonca; Laura Masson; Fabiana Di Campli; 
Isabella Grizzo; Heitor Honorio; Thiago Cruvinel;  
Thais De Oliveira; Daniela Rios
Department of Pediatric Dentistry, Orthodontic and Public 
Health, Bauru School of Dentistry, Bauru, Sp, Brazil

Background: This study assessed whether the age, gen-
der, the visible plaque index (IPV), gingival bleeding index 
(ISG), previous caries experience, MIH severity and number 



128 |   ABSTRACT

of teeth affected by MIH could impact on the caries lesion 
development in teeth with MIH.
Methods: 476 schoolchildren at municipal schools (Bauru, 
São Paulo, Brazil), aged 6– 10 years, were evaluated by two 
researchers trained and calibrated for MIH and caries diag-
nosis, using the Severity Scoring System (MIH- SSS) and 
the International Caries Detection and Assessment System 
(ICDAS), respectively. The IPV and ISG index were also 
evaluated. The children were examined with a mirror and 
under artificial light in a school environment. The data were 
evaluated using the Backward model for multiple linear re-
gression analysis, which was performed to assess the impact 
of the independent variables (number of teeth affected by 
MIH, severity of MIH, past caries experience, IPV, ISG, age 
and gender) on dependent variable (presence of caries). The 
level of significance adopted was 5%.
Results: The results showed that multicollinearity was de-
tected, and the independent variables (number of teeth af-
fected by MIH and IPV) were excluded from the analysis. 
The coefficient of determination was (0.24) and the age, se-
verity of MIH, past caries experience, and ISG influenced on 
the caries lesions developmental in teeth affected by MIH 
(P = 0.005)
Conclusions: In conclusion, the susceptibility to caries de-
velopment of teeth with MIH is influenced not only by the 
severity of the condition, but also by age, past caries experi-
ence, and ISG.
Funding: The research project was supported by the São 
Paulo State Research Foundation (FAPESP- 2019/02735- 4).

158 | The use of diamine silver fluoride in 
early childhood caries: A review of literature

Gabriela Migotto Goering1; Juliana Jendiroba Faraoni2; 
Regina Guenka Palma- Dibb2

1Department of Paediatric, Preventive and Community 
Dentistry, University of São Paulo, Ribeirão Preto, São 
Paulo, Brazil; 2Department of Restorative Dentistry, 
University of São Paulo, Ribeirão Preto, São Paulo, Brazil

Background: Currently Minimally Invasive Dentistry has 
been gaining more space in pediatric dentistry, as it has fol-
lows the principle of recognising that restorative materials 
have a lower biological value than the original tissues, mak-
ing their preservation essential. Diamine silver fluoride is a 
material used for the treatment of caries in children, being 
essential for the treatment of early childhood caries.
Literature Review: It is a colorless and odorless solution 
of silver, fluoride and ammonium ions. Which is composed 
of a high concentration of fluoride ions, which promote 
tooth desensitization by blocking dentinal tubules and para-
lyzing carious lesions, bacterial death, remineralization of 

demineralized tooth and inhibition of dentin collagen deg-
radation. Being effective against caries and has the aesthetic 
disadvantage left by the treatment. In the general interest, the 
treatment is effective in neutralizing and paralyzing caries 
disease.
Conclusion: It is concluded that silver diamine fluoride is a 
material with proven clinical success in the prevention and 
paralysis of dental caries; it has the advantages of low cost 
and easy application; treatment with diamine silver fluoride 
has controversies regarding the form of application and the 
frequency; the disadvantage is the blackened aspect of the 
teeth, but the anti- aesthetic aspect may have less significance 
since the child will have reduced sensitivity and controlled 
pathology.

1347 | Locus of control and biological 
factors of severe dental caries lesions of pre- 
school children

Anna Vitória Mendes Viana Silva1; Karina Teixeira2;  
Joana Ramos- Jorge3; Isabela Pordeus3; Matheus Perazzo3; 
Saul Paiva3

1Department of Pediatric Dentistry, Postgraduate student, 
Federal University of Minas Gerais, Belo Horizonte, Minas 
Gerais, Brazil; 2Department of Pediatric Dentistry, City 
hall of Belo Horizonte, Belo Horizonte, Minas Gerais, 
Brazil; 3Department of Pediatric Dentistry, School of 
Dentistry, Federal University of Minas Gerais, Belo 
Horizonte, Minas Gerais, Brazil

Background: The aim of this study was to evaluate factors 
associated with the occurrence of severe dental caries lesions 
(with pulp exposure) in pre- school children.
Methods: The sample consisted of 115 pairs of parents and 
their 4 to 6 year- old children, attending 3 pre- schools in Belo 
Horizonte, Brazil. Parents self- completed questionnaires on 
their children’s dietary and oral hygiene habits. The Locus 
of Control instrument was implemented to measure their be-
liefs whether the oral health of their children s or is not de-
termined by their own behavior. Children were examined for 
diagnosis of dental caries with pulp exposure at their schools 
with natural light by two previously calibrated examiners 
(kappa = 0.95). Data analysis was carried out using the SPSS 
software and included qui- square test and multiple logistic 
regression (Stepwise Forward Procedure) (p≤0.05).
Results: Caries with pulp exposure were observed in 16.5% 
of the children. It was taken for granted as independent as-
sociated factors for severe dental caries lesions the tooth loss 
due to dental caries (OR = 12.14; CI95%: 1.55– 95.22), use 
of soft drinks in feeding bottle (OR = 12.14; CI95%: 1.55– 
95.22) and the absence of breastfeeding (OR = 8.48; CI95%: 
1.53– 47.11). No significant association between locus of 
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control and oral hygiene with the presence of severe dental 
caries was found (P = 0.05).
Conclusion: Children that already had tooth extraction due 
to dental caries, drank soft drinks in their feeding bottle or 
that were not breastfed, presented a higher chance of the oc-
currence of severe dental caries lesions.

685 | Silver diamine fluoride for deep caries 
management in primary molars

Meenu Mittal1; Radhika Chopra2; Ashok Kumar1
1Department of Pediatric and Preventive Dentistry, 
ESIC Dental College, New Delhi, India; 2Pediatric and 
Preventive Dentistry, ITS Dental College, Muradnagar, 
Uttar Pradesh, India

Background: In recent years, remineralization of caries 
lesions has gained acceptance in the practice of minimally 
invasive dentistry and caries arrest treatment is being pro-
moted as part of the basic package of oral care. In this regard, 
topical application of silver diamine fluoride (SDF) solution 
has been shown to be effective in arresting active caries in 
primary teeth. The purpose of this study is to evaluate clini-
cal and radiologic success rate of single application of SDF 
followed by placement of crown for deep caries management 
of primary teeth.
Methods: Thirty- two children aged 4– 8 years, present-
ing deep carious lesions without pulp exposure in primary 
molars, were randomly assigned to receive either soft car-
ies removal and restoration with stainless steel crown (SSC) 
(Treatment group A, n = 17) or SDF application without car-
ies removal and restoration with SSC using Hall’s technique 
(Treatment group B, n = 25). Clinical and radiological follow 
up was done at 3, 6 and 12- months intervals. Data was statis-
tically analyzed using chi square test.
Results: Both the groups showed high clinical and radiologic 
success without any significant difference at the end of 12 
months. Minor failures were seen in 11.8% of teeth in Group 
A and 4.2% in Group B. Major failures requiring further 
treatment like pulpectomy were seen in 4.2% of Group B and 
none in Group A.
Conclusions: SDF application with SSC without any re-
moval of caries can be a viable option for management of 
deep carious lesions in primary teeth.

192 | Antibacterial efficacy of Camellia 
sinensis leaf mouth rinse in children with early 
childhood caries

Amro Mohammed Moness Ali1; Wael Hamada1;  
Rehab M. Abd El- Baky3; Maha E. Amer2

1Pediatric and Community Dentistry, Faculty of Dentistry- 
Minia University, Egypt; 2Oral Radiology, Faculty of 
Dentistry- Minia University, Egypt; 3Microbiology and 
Immunology, Faculty of Pharmacy, Minia University, Egypt

Background: This study was conducted to compare the 
antimicrobial efficacy of commercially available Camellia 
Sinensis Leaf green tea" (0.5%) mouth rinse to that of chlo-
rhexidine (CHX) (0.125%) against Streptococcus mutans and 
Lactobacilli spp.
Methods: Forty- two children with early childhood caries were 
recruited in this study, and randomly divided, using lottery 
method, into three groups; group A: children using green tea 
mouthwash; group B: children using CHX (0.12%) mouthwash; 
group C: children using colored flavored unsweetened tap 
water. They were instructed to rinse the mouth for 1 min using 
5 ml of the respective mouth rinses 30 min after tooth brushing, 
for 2 weeks. A volume of 2 ml saliva samples were collected 
prior to the commencement of mouth rinsing, and after 2 weeks 
rinsing. Data was collected and statistically analyzed.
Results: Both CHX and green tea mouth rinses showed a sta-
tistically significant fall in the colony counts of S. mutans and 
Lactobacilli spp. (P 0.001 and 0.001), while in the third group 
was not statistically significant (P = 0.003 and 0.183) for S. 
mutans and Lactobacilli spp., respectively. When the antimi-
crobial efficacy of CHX and green tea was evaluated against 
both S. mutans and Lactobacillus spp., no statistically signifi-
cant difference was found (P = 0.462 and 0.824, respectively).
Conclusion: From the results of our study, it can be con-
cluded that a commercially available green tea mouth rinse 
could be effective as CHX mouth rinse. However, further 
studies are required to evaluate plaque rate formation, cost 
effectiveness, and acceptability.

1211 | Comparative evaluation of 
microleakage of ACP containing pit and fissure 
sealant and moisture tolerant pit and fissure 
sealant: An in  vitro study

Rachna Mulani; Aditi Mathur
Pedodontics and Preventive Dentistry, Dr D Y Patil Dental 
College and Hospital Pune, Pune, Maharashtra, India

Background: Pits and fissure sealants are widely used to 
prevent caries in children. Microleakage is one of the most 
important factors resulting in sealant compromise. Factors 
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pertaining to microleakage like, pretreatment of occlusal sur-
faces, moisture control, bonding systems, and flow ability of 
the sealant, will determine the longevity of treatment. Aegis 
is the new SMART material and Embrace is a new generation 
hydrophilic sealant. This study was undertaken to evaluate 
and compare the microleakage of ACP (Aegis®) containing 
pit and fissure sealant and moisture tolerant pit and fissure 
sealant (EmbraceTM WetbondTM).
Methods: 26 permanent non carious premolars extracted for 
orthodontic treatment were used. The sealants used for analy-
sis of microleakage were Aegis and Embrace Wetbond pit and 
fissure sealants. The premolars were divided in 2 groups of 
13 each. After sealant application, the teeth were subjected to 
thermocycling for 24 hours, after which they were inserted in 
methylene blue dye. The teeth were sectioned buccolingually 
and dye penetration was studied under stereomicroscope.
Results: Both the groups were studied and statistically eval-
uated using Mann-  Whitney U test. Aegis showed higher 
microleakage in (46.2%) than Embrace (38%) though not sta-
tistically significant. P = 0.089.
Conclusions: Both the materials showed microleakage, but 
more clinical trials are required in order to have concrete evi-
dence of superiority of one material over the other.

1856 | Oil pulling for oral diseases: A 
randomized controlled study

Shivangi Sharmaa; Jean N. Murry
Pediatric and Preventive Dentistry, Institute of Dental 
Sciences, Bareilly, Uttar Pradesh, India

Background: Oil pulling has long been considered as a natu-
ral remedy for preventing oral diseases. Due to side effects of 
modern medicines and oral hygiene products, many people 
are increasingly attracted towards complementary and tradi-
tional practices. Sesame oil and coconut oil have nutritional 
qualities and are reported to have many desirable health ef-
fects. The aim of this study was to conduct a comparative 
evaluation of the antiplaque efficacy of sesame oil, coconut 
oil, chlorhexidine mouthwash and placebo amongst 15– 18 
year- old school children.
Methods: A randomized controlled study was carried out 
among 160 school children. 40 subjects each were randomly 
selected and assigned to Group 1 (sesame oil), Group 2 (co-
conut oil), Group 3 (chlorhexidine mouthwash) and Group 4 
(placebo). Subjects were given their assigned constituents and 
advised to rinse for 5 minutes, once daily in the morning for 
a period of 15 days. Plaque index (PI) and modified gingival 
index (MGI) were assessed at baseline and on day 15 using 
Student Paired T- test at P = 0.05 (SPSS software version 15).
Results: The results revealed that there were statistically 
significant reductions between baseline and post therapy 

values of PI and MGI (P = 0.05) in Group 1 (0.45; 0.16 0.11; 
0.83 0.35; 0.26 0.20), Group 2 (0.48 ± 0.15; 0.18 ± 0.12; 
0.86 ± 0.32; 0.25 ± 0.19) and Group 3 (0.50 ± 0.16; 0.15 ± 
0.10; 0.97 ± 0.39; 0.27 ± 0.19) respectively. No significant 
reduction was seen in Group 4 (P = 0.05).
Conclusion: Oil pulling using coconut oil and sesame oil 
lowered plaque index and modified gingival index scores in 
15– 18 year- old school children.

1930 | Natural products in prevention of 
early childhood caries

Gargi Srinivasa Murthy
Pediatric and Preventive Dentistry, Dayananda Sagar 
College of Dental Sciences, Bangalore, Karnataka, India

Background: Early childhood caries (ECC) is the most prev-
alent infectious diseases affecting children worldwide. It is a 
biofilm mediated disease and dysbiosis of oral microflora is 
said to be responsible for caries development. Reversing the 
microbiome dysbiosis is crucial for long- term disease control. 
Various chemotherapeutic agents have been used for this pur-
pose. But concerns like broad- spectrum of antibacterial ac-
tion, antibiotic resistance, allergies and high cost are making 
researchers look at alternatives for prevention of ECC.
Literature review: Natural products with antibacterial ef-
fect against ECC associated pathogens like Streptococcus 
mutans, Candida albicans and lactobacilli are an attractive 
alternative for long-  term caries prevention. Natural prod-
ucts like Acacia catechu, Acacia arabica, Azadirachta indica, 
Bauhinia forficate, Cacao bean, Camellia sinensis, Cinnamon 
zeylanicum, Coffea canephora, Cymbopogon, Vaccinium 
macrocarpon, Caesalpinia ferrea martius, Citrus sinensis, 
Crustacean shells, Cymbopogon citratus, Curcuma xanth-
orrhiza, Chitosans, Eurycoma longifolia, Galla chinensis, 
Zingiber officinale, Guaijaverin, Javanese turmeric, Licorice 
root, Melia azedarach, Myristica fragrans, Ocimum sanctum, 
Peppermint, Pongamia pinnata, Propolis, Morus alba, Sidium 
cattleianum, Sanguinaria canadensis, Sterculia lychnophora, 
Stevia rebaudiana, Syzygium aromaticum, Quercus infecto-
ria, Tamarix aphylla, Tea tree, Thuja orientalis, Vitis vinifera 
contain various bioactive phytochemicals which have bacte-
ricidal action against caries associated pathogens. Some of 
them also beneficially regulate the de/remineralization bal-
ance of dental hard tissues.
Conclusions: Natural products are promising alternatives 
for prevention of ECC. However, there is a need for well- 
designed randomized controlled trials to investigate the 
ecological effects of natural products. Exploring the vast 
therapeutic potential of natural products will benefit in pre-
venting ECC, especially in the developing countries.
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655 | Determination of optimal 
concentration of deglycyrrhizinated licorice 
root extract for preventing dental caries: An in 
vitro study

Nikita Nerkar; Gagandeep Lamba
Department of Pediatric and Preventive Dentistry, 
Vspm Dental College and Research Centre, Nagpur, 
Maharashtra, India

Background: Dental caries is a multi- factorial and most 
common childhood disease. Streptococcus mutans (SM) and 
Lactobacilli (LB) are the main bacteria responsible for dental 
caries. Many antimicrobials have been used to prevent dental 
caries. Considering their disadvantages herbal remedies seem to 
be better alternatives. Licorice root extract has strong bactericidal 
effects against cavity- causing bacteria. It has anti- adherence, an-
timicrobial, and anti- inflammatory properties. This study was 
done to evaluate optimal concentration of deglycyrrhizinated 
licorice root extract (DG- LRE) against Streptococcus mutans 
(SM) and Lactobacillus (LB) for prevention of dental caries.
Methods: Clinical strains of SM and LB were obtained 
from IMTECH, Chandigarh. Both the strains were cultured 
on a Todd Hewitt broth. Minimum Inhibitory Concentration 
(MIC) and Minimum Bactericidal Concentration (MBC) val-
ues were calculated using a microdilution assay according 
to the Clinical and Laboratory Standards Institute. Data was 
entered on an excel spread sheet and results were inferred.
Results: MIC of DG- LRE against MS and LB was found to 
be 20 mg/ml. MBC values for both strains were 1 to 4 times 
higher the MIC values. For SM, zone of inhibition seen at 
19mm for 20mg/ml DG- LRE. For LB, zone of inhibition 
seen at 22mm for 20mg/ml DG- LRE.
Conclusions: DG- LRE showed antibacterial properties 
against SM and LB. Thus, it can be used as a potential alter-
native in various forms for the prevention of dental caries.

878 | Comparative evaluation of retention, 
longevity of two non- fluoridated pit and 
fissure sealants placed with and without use 
of bonding agents in young permanent molars 
affected by dental fluorosis: An in vivo study

Arumugasamy Niranjana1;  
Veerabadhran Mahesh Mathian2; S. Vinodh2;  
M Manoharan2

1Paediatric and Preventive Dentistry, Sri Ramakrishna 
Dental College and Hospitals, Coimbatore, TamilNadu, 
India; 2Pedodontics and Preventive Dentistry, 
Vivekanandha Dental College for Women, Tiruchengode, 
Tamilnadu, India

Background: Dental caries is an infectious disease of 12.5% 
children whereas 90% seen in occlusal pit and fissures. Thus, 
study was designed to evaluate the retention and longevity 
of two non- fluoridated pit and fissure sealants HELIOSEAL 
and FISSURIT placed with and without use of bonding 
agents in young permanent molar affected by dental fluorosis 
at various intervals.
Methods: After fulfillment of inclusion criteria, 45 Children 
were selected from the age group of 7– 13 years of either 
gender with written informed consent. With split- mouth de-
sign, routine clinical fissure sealant application of increase 
in etching time to 35– 40 sec for all the group. Helioseal 
sealant (Group IA & IB) was placed in the occlusal pits and 
fissures on the right side and Fissurit sealant (Group IIA & 
IIB) on the left side. Clinically retention rates were evaluated 
Mascarenhas et al (2008) criteria at recall intervals of 1 week 
and 1, 3, 6 and 12 months, tabulated and were subjected to 
statistical analysis with Mann– Whitney U test.
Results: HELIOSEAL (Group- IB) showed the higher reten-
tion rate when compared to HELIOSEAL (Group- IA), as 
well FISSURIT (Group- IIB) when compared to FISSURIT 
(Group- IIA) revealed better retentiveness after 6 and 12 
months was not statistically significant. But on comparing 
the retention rates of with and without bonding agent appli-
cation of HELIOSEAL and FISSURIT, FISSURIT revealed 
better retentiveness after 3, 6 and 12 months which was not 
statistically significant.
Conclusions: Though not contraindicated, considering the 
extra time and cost needed and the inconclusive importance 
in retention, routine use of bonding agent as part of the seal-
ant application technique is not recommended on fluorosed 
molars needs further studies.
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1887 | Microbiological composition of 
dental biofilm in different stages of early 
childhood caries: A longitudinal study

Marines Nobre Dos Santos1; Livia Pagotto Rodrigues3; 
Gabriela Novo Borghi1; Bruna Raquel Zancopé3;  
Thaís Manzano Parisotto2; Rafael Nobrega Stipp1;  
N. L. Vizoto4

1Health Sciences and Pediatric Dentistry, Piracicaba 
Dental School -  University of Campinas, Piracicaba, São 
Paulo, Brazil; 2Department of Microbiology and Molecular 
Biology, São Francisco University, Bragança Paulista, São 
Paulo, Brazil; 3Health Sciences and Pediatric Dentistry, 
Piracicaba Dental School -  University of Campinas, 
Piracicaba, São Paulo, Brazil; 4Microbiology, Anhanguera 
School, Piracicaba, São Paulo, Brazil

Background: This longitudinal study aimed at investigating 
if the microbiological composition of dental biofilm formed 
over dental surfaces in different stages of early childhood 
caries (ECC) –  early caries lesions (ECL) and cavitated car-
ies lesions (CCL) as well as the presence of visible biofilm 
are relevant factors for initiation and for progression of ECC.
Methods: This was an observational longitudinal study in 
which 51 children aged 36– 71 months were selected from 
five preschools in Piracicaba- SP (Brazil). Visible biofilm 
was recorded and caries assessment was performed accord-
ing to Séllos and Soviero criteria. Biofilm samples were col-
lected and the microbiological composition was determined 
by assessment of quantities of Actinomyces naeslundii, 
Bifidobacterium spp., Streptococcus mutans, Veillonella 
spp. and commensal group (Streptococcus mitis group and 
Streptococcus gordonii) using quantitative PCR analysis.
Results: The mean number of decayed, missing and filled 
surfaces (dmfs) and decayed, missing and filled teeth (dmft) 
at baseline were 4.05 ± 7.33 and 2.68 ± 4.06 respectively, and 
at follow- up were 5.45 ± 10.82 and 2.96 ± 4.13 respectively. 
High levels of S. mutans over ECL showed significant asso-
ciation with the early stage of caries (OR = 15.3) (P = 0.05) 
as well as with cavitated caries lesion (OR = 45.5) (P = 0.05). 
Furthermore, presence of visible biofilm (OR  =  13.1) was 
significantly associated with CCL (P = 0.05).
Conclusions: High levels of S. mutans over ECL as well as 
CCL are relevant factors for initiation and for progression of 
ECC. The presence of visible biofilm is an important clinical 
parameter for the ECC progression.

1029 | Dental caries: An ignored health 
barrier to learning in Nigerian slums

Olubukola Olatosi1; Afolabi Oyapero2; Gbemisola Boyede3

1Department of Child Dental Health, Faculty of Dental 
Sciences, University of Lagos, Lagos, Nigeria; 2Department 
of Preventive Dentistry, Faculty of Dentistry, Lagos 
State University College of Medicine, Lagos, Nigeria; 
3Paediatrics, Central North West London NHS Trust 
Foundation, London, UK

Background: The study examined the caries experience, risk 
factors, indicators and their association with anthropometric 
indices among children in a Nigerian slum.
Methods: Cluster sampling technique was utilised for re-
cruiting the study participants (n  =  684). Participants in-
cluded children from four cluster areas of Makoko; North, 
Central, On water residents and South- East. Caries was 
recorded based on WHO criteria, while the weight for age 
(WAZ), height for age (HAZ), and weight for height (WHZ) 
measures were used to assess each child’s nutritional sta-
tus. Chi- square test was used to test bivariate associations. 
Statistical significance, p ≤ 0.05.
Results: Out of the 684 children seen, 64(9.9%) had dmft≥1 
with range of 1– 12; (127 primary teeth were decayed; 6 miss-
ing due to caries; 0 filled); while 45 (7.1%) had DMFT≥1 
with range of 1– 6; (79 permanent teeth were decayed; 14 
missing due to caries; 0 filled). Maternal and paternal edu-
cational level, child’s age, consumption of cariogenic meals, 
history of dental visits were significantly associated with 
caries experience (P = 0.05). For children with dental car-
ies, mean WHZ, HAZ, WAZ, BMI- for- age z- scores were 
(0.33 ± 2.6; - 1.49 ± 1.8 and - 0.79 ± 1.90.58, - 0.16), respec-
tively, and these z score values were lower than those in the 
caries- free children. The BMI- for- age z- scores were signifi-
cantly lower in children with dental caries than in caries free 
children (P = 0.005).
Conclusions: Dental caries, which was mainly untreated 
was moderately prevalent among the children surveyed in 
the urban slum. There was also a significant association be-
tween the presence of caries and low BMI. Targeted designed 
oral health interventions that takes status into consideration 
is required.
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782 | The use of vertical bitewings 
compared to visual examination for dental 
caries diagnosis in paediatric dentistry –  
Preliminary results from a cross: Sectional 
study

Isabel Olegário; Charlotte McCarra; Rona Leith;  
Anne O'Connell
Public & Child Dental Health, Dublin Dental University 
Hospital, Trinity College Dublin, Dublin, Dublin, Ireland

Background: Horizontal bitewing is often used in Paediatric 
Dentistry for coronal caries diagnosis; however, vertical bite-
wings can be helpful with the visualisation of furcal and api-
cal areas. The aim of this study was to compare the clinical 
and radiographic caries diagnosis using vertical bitewings for 
occlusal and proximal surfaces in primary and second pri-
mary molars, distal surfaces of primary canines and mesial 
surfaces of first permanent molars.
Methods: After ethical approval (#2020507), 4– 9 years 
old children were evaluated clinically and radiographically 
where caries diagnosis was divided into sound (0); enamel 
(E); outer to middle third dentine (D); inner dentine with 
unclear pulp status (UP) and clear pulp necrosis (PN).
Results: A total of 561 surfaces were evaluated clinically in 
205 teeth (n children =  18; n vertical bitewings  = 36). 86 
surfaces were not evaluated radiographically (14.79%) due to 
proximal overlap (n = 19) or when not visible in the radio-
graph (n = 67). From the 475 surfaces evaluated, 139 (29%) 
had different clinical and radiographical diagnosis (49% 
changed from 0 to E only). From the D lesions evaluated 
clinically (n = 54), only 2 had unclear pulp status (UP) radio-
graphically but no one presented radiographical signs of pulp 
necrosis. However, from the UP lesions detected clinically 
(n = 45), the vertical bitewing helped with the pulp diagnosis 
in 73.33% of the cases (23 had a clear dentine bridge and 10 
presented signs of pulp necrosis radiographically), and only 
26% remained unclear even after the radiograph exam. Pulp 
necrosis was confirmed radiographically in 97% of the PN 
lesions.
Conclusions: Vertical bitewings should be considered as 
a diagnostic tool for determining pulp involvement in deep 
dentine caries lesions.

1355 | Therapeutic decision in proximal 
carious lesions of primary teeth: A literature 
review, with ludic association between depth of 
the radiolucency and Pac- Man®

Suzana Oliveira; Gerana Lira; Sandra Regina Silvestre; 
Kelly Maria Moreira; José Carlos Imparato
Postgraduate Program in Pediatric Dentistry, Sao 
Leopoldo Mandic College, Campinas, Brazil

Background: Therapeutic decision making for proximal car-
ies lesions in primary teeth is based on clinical and radio-
graphic criteria. The image of Pac- Man®, demonstrating the 
relationship between radiolucency in enamel and dentin in 
the proximal area and the possibility of cavitation of the le-
sion, facilitates the understanding of undergraduate students, 
patients, and their guardians.
Literature Review: Bitewing radiography has been used 
as the main complementary method for diagnosing the pres-
ence and extent of caries lesion on proximal surfaces, and it 
is often taken as a basis for making therapeutic decisions. The 
radiographic method, due to its high sensitivity, increases the 
number of false- positive diagnoses, leading to unnecessary op-
erative treatment. The presence of radiolucency in enamel or 
external half of dentin does not mean cavitation. Temporary 
tooth separation and visual inspection are recommended for 
therapeutic decision making of radiolucent images located in 
external third / half of dentin. Non- invasive or micro- invasive 
treatments are effective alternatives for controlling and paralyz-
ing non- cavitated proximal lesions. And, in cavitated lesions, 
minimally invasive procedures should be preferred.
Conclusion: The therapeutic decision must be based on the 
correct diagnosis of the carious lesion, considering its activ-
ity, extension and cavitation. Surgical intervention, when 
necessary, must follow the principles of minimal interven-
tion. The ludic use of Pac- Man®, in pediatric dentistry, can be 
a facilitating tool in the communication of the professional- 
patient- guardian triad.
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1401 | Oral health status of patients with 
inherited bone marrow failure syndromes

Cansu Özşin Özler1; Şeyma Öztürk1; Mustafa Cemaloğlu2; 
Melek Dilek Turgut1; Meryem Uzamış Tekçiçek1;  
Fatma Gümrük2; Şule Ünal Cangül2

1Department of Paediatric Dentistry, Faculty of Dentistry, 
Hacettepe University, Ankara, Turkey; 2Division of 
Pediatric Hematology, Hacettepe University Faculty of 
Medicine, Ankara, Turkey

Background: Inherited bone marrow failure syndromes 
(IBMFS) including Fanconi Anemia (FA), Diamond- 
Blackfan anemia (DBA) and congenital neutropenia (CN) 
are rare diseases related with hematopoietic cell lines in the 
bone marrow. The present research aimed to present the oral- 
dental status of patients with IBMFS.
Methods: This descriptive study was conducted with patients 
aged between 0– 18 years, diagnosed with FA, DBA or CN. 
The data was collected in two stages; one via a structured 
and pre- tested questionnaire and the other by oral- dental ex-
amination clinically and if needed, radiographically. Dental 
caries with dmft/s, DMFT/S indices and International Caries 
Detection and Evaluation System (ICDAS- II) was evaluated. 
Oral hygiene status of the patients with plaque index and gin-
gival health status with gingival index were recorded.
Results: In total, 27 patients diagnosed with IBMFS (11 FA, 
9 DBA, 7 CN) participated. Of all group 77.8% (n = 21) pa-
tients had initial or cavitated dental caries according to the 
ICDAS- II index system. Various oral mucosal lesions (aph-
thous lesions, dry chipped lips, angular cheilitis, hairy and 
geographic tongue) and dental abnormalities (microdontia, 
taurodontism, rotation, ankylosis, hypoplastic teeth, germ 
deficiency, cingulum hypertropia, dens invaginatus, pulp 
stones, etc.) were detected. Further, half of all the patients 
(51.9%) did not have a regular brushing habit.
Conclusions: Extensive dental caries, gingival inflammation 
and inadequate oral health showed the necessity of early den-
tal visits. Regular dental counselling adopting the multidisci-
plinary team approach for patients with IBMFS is necessary 
to ensure better general and oral health.

1389 | Perspectives of pediatric dentists and 
parents during the COVID- 19 pandemic

Dila Ozyilkan; Aylin İslam
Paediatric Dentistry, Near East University, Nicosia, 
Cyprus

Background: At the beginning of December 2019 a new type 
of coronavirus (SARS- Cov- 2) that eventually lead to corona-
virus disease (COVID- 19) was firstly isolated in Wuhan and 

was announced and categorized as pandemic disease by World 
Health Organization on March 11, 2020. Even though the clini-
cal symptoms of COVID- 19 have been still argued, the ma-
jority of the symptoms is composed of fever, cough, diarrhea, 
headache, shortness of breath. Unfortunately, dental procedures 
provide a high risk of transmission regarding cross infection of 
virus.
Literature Review: According to the current literature 
knowledge, it was reported that children tend to be fewer in 
numbers, cough and pharyngeal erythema with milder symp-
toms compared to adults due to having more active innate im-
mune response and healthier respiratory tracts. Generation of 
high- concentrated aerosols and droplets during dental treat-
ments leads to cross infection through dentists and patients. 
Majority of the COVID- 19 infected children are asympto-
matic or mild symptomatic, which makes pediatric dentists 
at double risk of getting infected. At that point, pediatric 
dentists played a key role in the COVID- 19 pandemic via 
developing oral hygiene motivation and preventive caries 
approaches. Fluoride varnishes, Casein Phospho peptide— 
Amorphous Calcium Phosphate (CPP- ACP), High Viscosity 
Glass Ionomer Cements (HVGIC) should be used for both 
the prevention and remineralization of carious lesions that 
make significant contribution in COVID- 19 pandemic by 
giving opportunity of aerosol free consumption. Moreover, 
Silver Diamine Fluoride application should be recommended 
for the management of cavitated carious lesions.
Conclusion: As a result, it would be strongly argued that par-
ents should be informed about the importance of home- based 
oral hygiene motivation to improve general health of their 
children during COVID- 19 pandemic.

376 | Retention rate of hydrophilic and 
hydrophobic pit and fissure sealants in first 
permanent molars: A systematic review

Devendra Patil; Sanjana Manjrekar
Pediatric and Preventive Dentistry, Terna Dental College, 
Navi Mumbai, Maharashtra, India

Background: To assess retention rate of hydrophilic seal-
ant compared with hydrophobic sealant in first permanent 
molars.
Literature review: Electronic databases (Medline via 
PubMed, Cochrane Library, Google scholar, EbscoHost) 
and grey literature were searched between January 1, 2012 
and September 30, 2020 for randomized controlled trials and 
clinical trials which assessed retention rate of pit and fissure 
sealants with at least 3 months of follow- up.
The initial search identified 329 articles. Following the first 
step of screening 275 articles were finally evaluated accord-
ing to the framework of PRISMA- statement. After full- text 
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screening, eight articles that fulfilled the eligibility criteria 
were included. Two reviewers independently selected stud-
ies, extracted data, assessed risk of bias using the Cochrane 
Collaboration tool. Five of eight included studies showed sta-
tistically significant difference between two materials based 
on their retention rate, of which three studies favoured higher 
retention of hydrophobic sealant and two studies favoured 
higher retention of hydrophilic sealant and rest showed no 
significant difference between the two materials.
Conclusion: Available evidence shows effective retention of 
hydrophilic and hydrophobic pit and fissure sealants. Overall 
studies showed the moderate risk of bias.

364 | Kids cario test: A preliminary study 
to evaluate an easy- to- understand caries risk 
assessment app for smartphone

Pierluigi Pelagalli1; Giulia Arcioni1; Marco Moscati2; 
Marco Severino2; Roberto Gatto2

1Private Practice, Studio Odontoiatrico Pelagalli, Rome, 
Rome, Italy; 2Medicina Clinica E Molecolare, Università 
Degli Studi Dell'aquila, L'Aquila, L'aquila, Italy

Background: Prevention and risk- assessment of dental car-
ies are fundamental to endeavor patient- specific management 
strategies. The aim of our study was to evaluate the efficacy 
of Kids Cario Test (KCT), a smartphone- based caries- risk as-
sessment application for a personalized prevention plan than 
provide an easy- to- understand set of information for parents.
Methods: Patients were evaluated with KCT for five risk in-
dicators (DMFT, dietary habits, oral hygiene, fluoroprophy-
laxis, general factors) which were given a 0– 9 severity score. 
Then, a total score (0– 45) indicated the overall caries- risk as 
[low (0– 8), medium (9– 15) and high (16– 45)]. Ultimately, a 
patient- specific treatment plan indicating the number of vis-
its/preventive treatments per year, and which factors need to 
be modified (i.e. diet, oral hygiene), was estimated by the 
app/provider for each patient.
Results: Eighty- nine patients received a KCT evaluation. The 
overall DMFT score was 3 (range 0– 9), with 50 (56.2%) pa-
tients having a median of 4 (range: 1– 12) caries, 2 (2.2%) pa-
tients with 3 missing teeth each, and 6 (6.7%) patients having 
their teeth restored, with a median of two teeth each (range: 1– 
12). No patient was following a specific diet, but 53 (59.5%) 
patients were eating sugary foods. Overall, only one third of 
the patients had an optimal oral hygiene but more than 10% of 
all patients were not using any fluoride products despite their 
need. The overall median KCT score was 15 (3– 45), with a 
median of suggested annually encounters of 4 (range: 2– 6). 
76.4% patients accepted to pursue their treatment plan.
Conclusions: In this preliminary study the efficacy of KCT 
as a valid and thorough instrument for communication and 

motivation for the patient’s parents has been determined. 
Future prospective studies are needed to evaluate its efficacy 
in the long term.

220 | Kids digital crown technique: An 
innovative workflow to restore primary teeth

Pierluigi Pelagalli1; Giulia Arcioni1; Marco Moscati1,2; 
Marco Severino2; Roberto Gatto2

1Private Practice, Studio Odontoiatrico Pelagalli, Roma, 
Italy; 2Medicina Clinica E Molecolare, Università Degli 
Studi Dell'Aquila, L'Aquila, L'Aquila, Italy

Background: The aim of this clinical case was to present the 
Kids Digital Crown Technique (KDCT), an innovative technique 
to restore primary teeth with customized prosthetic crowns.
Case Report: A ten- year- old patient with unremarkable 
medical history presented to our clinic in May 2018 follow-
ing a 7- day history of a dull and continuous pain on his left 
mandibular area which only partially diminished on NSAIDs. 
Intraoral exam showed an extensive, dated, composite resto-
ration involving the occlusal and distal aspect of tooth #L. 
When a panoramic radiograph was performed, an infiltrated, 
yet recurring carious process underneath the composite resto-
ration was highlighted, and a diagnosis of acute pulpitis was 
made. An endodontic treatment was planned, and an intraoral 
digital impression was performed with the aim to fully re-
store the tooth with a zirconia crown. When the root canal 
was performed, the personalized crown was applied with a 
dual resin- based, self- curing cement following a minimal 
tooth preparation. Clinical and radiographic examination 
showed exceptional cervical margin sealings.
Discussion: KDCT is an innovative technique used to restore 
deciduous teeth with aesthetic crowns using a digital impres-
sion of the tooth before its preparation. The procedure per-
mits the realization of a customized prosthetic crown ready 
to be applied immediately after the endodontic therapy. The 
protocol follows an easy, and kids’ friendly workflow, which 
reduces the operative time and maintains the advantages of 
other procedures.
Conclusions: The KDCT is an easy yet very excellent res-
toration technique for pediatric patients with highly decayed 
teeth or important enamel structure defects.
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1592 | Parental schooling and children’s age 
influence the use of fluoridated toothpastes by 
children

Juliano Pessan1; Malena Castro e Silva1; Giovanna Coclete1; 
Caio Sampaio1; Douglas Monteiro1,2; Robson Cunha1; 
Alberto Delbem1

1Preventive and Restorative Dentistry, São Paulo State 
University (Unesp), School of Dentistry, Araçatuba, 
Araçatuba, Brazil; 2Graduate Program in Dentistry 
(GPD, Master's Degree), University of Western São Paulo 
(Unoeste), Presidente Prudente, Brazil

Background: The literature is scarce on the influence of 
parental knowledge about the effects of fluoride (beneficial/
harmful) and the use of fluoridated toothpastes by their chil-
dren. Thus, this study assessed the relationship between pa-
rental knowledge on the effects of fluoride, their education 
level and their children’s age, on the use of fluoridated tooth-
pastes by 0– 7 year- old children.
Methods: Interviews (n  =  704) were conducted at three 
vaccination centers in the city of Araçatuba, Brazil, using a 
structured questionnaire comprising 16 items related to in-
terviewees` education level, children’s age/gender, brushing 
habits, use of fluoridated toothpaste, and questions on pre-
ventive/adverse effects of fluoride. The results were submit-
ted to Mann Whitney, Kruskal Wallis and Dunn`s tests, and 
by Spearman`s correlation coefficient (P = 0.05).
Results: The interviewees’ education level was directly related 
to their knowledge on preventive and adverse effects of fluo-
ride, and inversely related to the amount of toothpaste used by 
the child. Furthermore, the type of toothpaste used by the chil-
dren was also influenced by the interviewee’s schooling and 
by children’s age. Overall, interviewees with higher education 
level reported more frequently the use of fluoride- free and low- 
fluoride toothpastes by their children; toothpastes with special 
packaging/flavoring were used more often by younger chil-
dren. Children`s age was also inversely related to toothpaste 
ingestion (during toothbrushing and from the tube).
Conclusions: Parental knowledge and children’s age influ-
ence the use of fluoridated toothpastes by children, emphasiz-
ing the need for instructing parents/caregivers on the correct 
use of fluoride toothpaste, in order to achieve maximum pre-
ventive effects with minimum unwanted side- effects.
Funding: The study was supported by Coordination 
for the Improvement of Higher Education Personnel 
(CAPES, Finance code 001) and PROCAD/CAPES (Grant 
88881.068437/2014- 01).

1639 | Early childhood caries: Prevention 
and treatments: Systematic review

Jose Fernando Pino Larrea1; María José Zambrano Hidalgo2

1Pediatric Dentistry Teacher, Dentistry School, 
Universidad Católica de Santiago de Guayaquil, 
Guayaquil, Guayas, Ecuador; 2Graduated Student, 
Dentistry School, Universidad Católica de Santiago de 
Guayaquil, Guayaquil, Guayas, Ecuador

Background: Dental caries is a sugar and biofilm dependent 
disease of multifactorial origin caused by microorganisms 
that affect the hard tissues of the tooth giving rise to cavita-
tion and dental loss, it is related to the lack of oral hygiene 
and the excessive intake of sugars. Early childhood caries is 
a bacterial disease that occurs in children under 71 months of 
age, with a prevalence that can reach up to 90%.
Methods: A systematic review study was presented, with a qual-
itative approach with a retrospective and cross- sectional type of 
research, to obtain data, 79 articles were used, the data evaluated 
were: etiology, diet, prevention, treatments, and oral health.
Results: It was analyzed that the main etiological factor of ECC 
is S. Mutans with a percentage of 83.64%. It was also possible to 
determine that excessive sugar consumption is the main factor 
of cavities. It was possible to determine that the habit of daily 
oral hygiene is the key factor for the prevention of ECC with 
38.33% followed by regular and adequate use of fluoride with 
27.50%. The ideal treatment for the prevention is the application 
of fluoride with 48.53% followed by restorative treatments and 
sealants. Parents are involved in brushing their child’s teeth, but 
there is a lack of oral knowledge around 51.28%.
Conclusions: to prevent ECC, the organization of bacterial 
plaque must be prevented, promoting the habit of oral hy-
giene with the regular and adequate use of fluoride, as well 
as visits to the dentist and a balanced diet.

1212 | Comparative evaluation of the 
antimicrobial properties of three different 
bioactive compounds of cassia species and 0.2% 
chlorhexidine against S. mutans serotype C 
(ATCC 25175)

Ann Polachirakal Tharakan1; Madhura Pawar2

1Pedodontics and Preventive Dentistry, Dr D Y Patil 
Vidyapeeth, Pune, Maharashtra, India; 2Pedodontics and 
Preventive Dentistry, Dr D Y Patil Vidyapeeth, Dr. D Y 
Patil Dental College and Hospital, Pune, Maharashtra, 
India

Background: Cassia species (Caesalpinaceae) is a medici-
nal plant used traditionally for various ailments. This study 
evaluated and compared the antimicrobial properties of three 
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different Bioactive Compounds of Cassia species and 0.2% 
chlorhexidine against S. mutans serotype C (ATCC 25175).
Methods: The three different Bioactive compounds of two 
medicinal plant species Cassia tora and Cassia fistula were 
obtained. Microbiological assay of well diffusion method 
was done to determine zone of inhibition against pure forms 
of S. mutans serotype C (ATCC25175). This study was con-
ducted as a triple blind study to identify their effectiveness.
Results: All the Bioactive Compounds had good antimicro-
bial activities based on their zones of inhibition; the high-
est zone of inhibition in mm was formed by Extract 8 which 
was Cassia Flower extract having mean inhibitory zone of 
9.93mm +0.76. Statistical analysis of the results with Kruskal 
Wallis and Mann Whitney Post Hoc test which proved that 
at any concentration of Extract 8 the inhibition results are 
comparable to that of 0.2% chlorhexidine with P = 0.05. The 
results confirmed the antimicrobial potential of the Bioactive 
Compound of Cassia Flower and hence it can be used as a 
preventive means for dental caries.
Conclusion: The Bioactive Compound of Cassia Flower 
extract derived from cassia plants are only required in min-
ute quantities as compared to their crude extracts. The study 
confirmed the antimicrobial potential of the plant at differ-
ent concentrations can be used as preventive and therapeutic 
measure in preventive dentistry and due to its reduced po-
tency can be used in children effectively.

545 | Stem cells of human exfoliated 
deciduous teeth: An overview of future 
dentistry

R. Manju; Akanksha Tyagi
Pediatric and Preventive Dentistry, A.B. Shetty Memorial 
Institute of Dental Sciences (NITTE DEEMED TO BE 
UNIVERSITY), Mangalore, Karnataka, India

Background: The SHED has a unique potential of self- 
renewal capacity and are able to differentiate into various 
types of cells in the body.
AIM: To study the antibacterial properties on Streptococcus 
mutans and to analyse the immunomodulatory properties of 
IL2 and IL6 of SHED.
Methods: The primary cultures of SHED (N = 6) were used 
to assess the antibacterial properties on S. mutans strains using 
Mutans- Sanguis Agar. Colonies were counted after overnight 
incubation at 37°C. The immunomodulatory properties of 
SHED on IL- 2 and IL- 6 was analysed by ELISA method. All 
data were expressed as the mean ± standard deviation (SD) from 
at least three independent experiments and one- way or two- way 
ANOVA was performed. Significance was set at p 0.05.
Results: The number of S. mutans was significantly reduced 
in presence of SHED and it was almost equal to S. mutans 
treated with antibiotics groups.

Levels of IL- 2, IL- 6 after stimulation with S. mutans were 
not statistically significant (P = 0.05)
Conclusions: In conclusion, SHED exhibited antibacterial 
properties against S. mutans by significantly reducing its 
CFU. It also played a role in suppressing or maintaining the 
levels of IL- 2 and IL- 6 at constant levels that were compa-
rable to the control. This study suggest that SHED could be 
of benefit for suppressing or limiting the infection through 
their antibacterial activity, and can offer immunomodulatory 
actions by regulating the cytokines expression. However, 
further studies are warranted to evaluate these properties of 
SHED in an in vivo context to realize their enhanced poten-
tial in therapeutic applications.

1754 | The role of dental aesthetics in the 
social behavior of children

Fanni Radnai1; Andras Zsido2; Gyula Marada1;  
Krisztian Katona1; Petra Gyuris2; Krisztina Csokasi2; 
Balazs Sandor1; Ferenc Kocsor2

1Dentistry, Oral and Maxillofacial Surgery, University 
of Pecs, Medical School, Pecs, Hungary; 2Institute of 
Psychology, University of Pecs, Faculty of Humanities and 
Social Sciences, Pecs, Hungary

Background: Smile is one of the most remarkable features 
on the face. It has been well documented that considerable 
importance is placed on dental aesthetics among adults and 
teenagers, but there are only a few studies available regard-
ing younger children. The purpose of this study is to confirm 
that dental appearance plays a significant role in the social 
behavior of preschool children.
Methods: Fifty- eight three-  to six- year- old participants were 
involved in the study. To assess the social perception of dental 
aesthetics, photographs of smiling children were presented to 
the volunteers. Photos were modified showing healthy denti-
tion, carious incisors, fractured or missing teeth. Photograph 
selection and modification were based on psychological stud-
ies. The participants were asked which child they preferred 
to be friends with. PsychoPy3 software was used for evalu-
ation. Preference order was set up using Repeated Measures 
ANOVA and post- hoc test.
Results: The participants preferred the healthy teeth over 
the alterations, the least favored were the carious teeth. 
Further analysis showed that boys and girls gave signifi-
cantly different answers. According to Spearman correla-
tion, older children were more likely to select the faces with 
missing tooth.
Conclusions: Preschool children can instinctively or con-
sciously recognize and differentiate healthy and abnormal 
teeth. Besides several negative effects, untreated dental 
alterations can lead to psychological and social problems 
in children. This study can emphasize the importance of 
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education regarding oral health. Pediatric dentists should 
be committed to performing dental reconstructions not 
only to restore the function but the aesthetics of the pri-
mary front teeth.

1088 | Caries prevalence in children and 
adolescents with type 1 diabetes mellitus: 
A review of literature

Janet Rathke; Francisca Walker; Rebeca Tapia
Facultad De Odontología, Universiadad De Los Andes, 
Santiago, Región Metropolitana, Chile

Background: type 1 diabetes mellitus is a chronic disease 
with high prevalence that appear in children and adolescents. 
The international diabetes federation indicates that 10% of 
diabetes mellitus cases in the world are type 1 diabetes melli-
tus, and similar results have been reported in Chile. Diabetes 
mellitus induces different alterations caused by maintained 
hyperglycemic state and this is the case of the oral health and 
caries prevalence. On the other hand, caries is a multifactorial 
disease that affects all ages, begin in childhood and its been 
increasing in the last years. Knowing that type 1 diabetes and 
caries are chronic processes, is important to make multidisci-
plinary approach, diagnosis, prevention and control.
Literature Review: type 1 diabetes mellitus and caries are 
chronic multifactorial diseases, begin in childhood and can 
be lifestyle- modified. The principal factor for caries are food 
intake and oral hygiene, meanwhile type 1 diabetes mellitus 
is insulin deficit and can be modified by food intake and gly-
cemic control. Thereby, cases with higher prevalence of car-
ies have been reported in children and adolescents with type 
1 diabetes mellitus in the last years.
Conclusions: There is a possible relationship between type 
1 diabetes mellitus and high prevalence of caries in children 
and adolescents. Future studies must be carried out in order 
to stablish a causal relationship.

1752 | Infiltrant resins: Minimally invasive 
treatment of enamel hypomineralization in 
anterior teeth

Irene Real1; Laura Velayos Galán1; Pablo Sevilla Hernández2; 
María Rosa Mourelle Martínez1

1Departamento de Especialidades Clínicas Odontológicas, 
University Complutense of Madrid, Madrid, Spain; 
2Departamento De Odontología Clínica, Universidad 
Europea De Madrid, Madrid, Spain

Background: With the advance of dentistry, there is a ten-
dency to treat caries taking into account demineralization and 

remineralization depending on the pH of the oral environ-
ment and salivary flow. This treatment is included in the term 
Minimally Invasive Dentistry, based on caries prevention, 
early diagnosis, remineralization of the enamel and restora-
tion of the lesions under the premises of minimal intervention.
Literature review: White lesions of the enamel have as a 
common characteristic the hypomineralization of the tissue, 
showing opaque spots due to the refraction of light in mul-
tiple directions. The use of infiltrating resins increases the 
resistance of the hypomineralized enamel and attenuates the 
lesions, so they can be a suitable option to avoid the use of 
more aggressive techniques. The caries infiltration technique 
consists of the penetration of resin into the enamel lesion, 
which, thanks to its low viscosity and high impregnation 
coefficient, is driven by capillary forces. This technique has 
been shown to block or even arrest the progression of caries 
in vitro. The results obtained in the attenuation of incipient 
caries lesions or defects following the use of fixed orthodon-
tics are promising, whereas in MIH lesions only some of the 
lesions were attenuated and did not disappear completely.
Conclusions: The masking potential of infiltrating resins is 
dependent on histology and lesion severity, especially in mild 
to moderate developmental alterations; in more severe cases, 
color masking is not good enough and more aggressive tech-
niques will be necessary.

968 | Salivary C- Reactive protein levels in 
children with early childhood caries

Ngangbam Reenayai; R. Manju
Department of Pediatric and Preventive Dentistry, AB 
Shetty Memorial Institute of Dental Sciences, Mangalore, 
Karnataka, India

Background: C- reactive protein (CRP) is one of the most 
commonly assayed biomarkers whose production is stimu-
lated by IL- 6. CRP has two isoforms, one of which produced 
locally in inflamed/ damaged tissues. The other isoform is 
routinely produced in absence of inflammation and may have 
net anti- inflammatory effects. Pulpitis is the sequelae of den-
tal caries characterised by inflammatory mediators. Children 
with ECC were found to have increased IL- 6 which has a 
strong correlation with severity and extent of carious lesions 
in the oral cavity, and therefore, minimizing its levels will help 
in improving the inflammatory condition in the oral cavity.
The aim of this study was to assess the level of CRP in chil-
dren with Early Childhood Caries.
Methods: A total of 30 children was divided into 3 groups 
of 10 children each of caries free children, Early Childhood 
Caries (ECC) and Severe Early childhood caries (S- ECC). 
Unstimulated saliva was collected and transported to labo-
ratory where it was centrifuged at 4000rpm for 15mins. 
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The supernatants were stored at - 80ºC. CRP was measured 
using CRP LEIT (Light energized irrigation technology) kit. 
Intergroup comparison of the results was analysed by one way 
ANOVA test.
Results: The level of salivary CRP was found to be 1.3+/-  
0.93 in control group, increased to 5.31+/- 1.14 in ECC group 
and 8.61+/- 1.53 in S- ECC group respectively. The increase 
was statistically significant (P = 0.001).
Conclusions: Salivary C-  reactive protein can be a potential 
non- invasive diagnostic and/or prognostic inflammatory bio-
marker in Early Childhood Caries.

1377 | Influence of cavity size on the 
progression of atypical carious lesions in 
primary teeth treated with the Hall technique: 
Preliminary results of a randomized clinical 
trial in Goiânia- GO

Cristina Resende; Marcelo Andrade; Ana Cristina Beviláqua; 
Daniele Klein; Kelly Maria Moreira; José Carlos Imparato
Faculdade De Odontologia, São Leopoldo Mandic, 
Campinas, São Paulo, Brazil

Introduction: This work is part of a clinical study rand-
omized by multi- operators using the Hall Technique
Methods: This technique uses a prefabricated metallic crown 
for the treatment of decayed molars, which is based on the 
non- removal of the carious lesion, the non- preparation of the 
tooth and or the use of local anesthesia. In this project, chil-
dren with the following characteristics were selected: good 
general health, and at least one molar with an atypical le-
sion for dental treatment and follow- up for 6 and 12 months. 
These children were divided into two groups: composite 
resin (RC) restoration in the control group (10 children) 
and prefabricated metallic crown restoration based on Hall 
Technique (HT) (10 children). This project was carried out at 
the Public Health Service (Cais- Cândida de Morais), located 
in the city of Goiânia -  Goiás.
Results: The results obtained, in this work, for 6 months for 
Hall Technique in relation to the progression of the caries 
disease taking into account the size of the lesion.
Conclusion: The size of the atypical caries lesions treated 
with CR and HT seems to have no influence on the progres-
sion of caries over a period of six months.

1381 | Effect of varied formulations of 
fluoride varnish on demineralization inhibitory 
effect and antibacterial effect: A comparative 
in  vitro study

S. Cosma; Vishnu Rekha Chamarthi1; Dhanraj Kalaivanan1; 
Vijayaprabha Kalyanaraman1

Department of Pediatric and Preventive Dentistry, 
Sathyabama Dental College and Hospital, Chennai, Tamil 
Nadu, India

Background: Dental caries is a global burden that affects 
a large proportion of the world. Caries- prone children do 
not only suffer from tooth pain and infection, but the overall 
growth and development is influenced. It poses a challenge 
for young children to tolerate the lengthy and complicated 
procedures of restorative treatment. Hence, a non- invasive 
and unsophisticated preventive treatment modality is indis-
pensable to tackle the burden of caries in children. Fluoride 
varnish has been shown to play a dominant role in this pro-
cess and formulations with added ingredients have been in-
vestigated to check their clinical outcome.
Methods: A buccal window was prepared in forty extracted 
premolars for fluoride treatment. These were categorized as 
Group 1 –  Vanish™, Group 2 –  Embrace™ Varnish, Group 
3 –  Fluor Protector®, and Group 4 –  No fluoride application. 
The samples were then immersed in 3 ml of demineralizing 
solution for 48 hours at room temperature. Thin sections 
measuring 100μm were obtained using a hard tissue mi-
crotome and examined under polarized light microscope and 
the depth of demineralization was measured using ImageJ.
The antibacterial effect was analysed using broth micro- 
dilution assay. MIC was recorded as the lowest concentration 
which did not permit the growth of S. mutans.
Results: The demineralization inhibition efficacy of 
Vanish™ over Fluor protector® was statistically significant. 
MIC values of Vanish™ and Embrace™ were at 2.5% and 
0.04% respectively which showcases the better antibacterial 
efficacy of Embrace™ over Vanish™ and Fluor protector®.
Conclusion: Fluoride varnishes with active agents like 
TCP and Xylitol could be included in the preventive pro-
tocol owing to their versatile properties in influencing the 
demineralizing activity as well as their impact of the cari-
ogenic pathogens. This could be considered as an effective 
preventive protocol which could be employed on a regular 
basis with the motive of reducing the global burden caused 
by dental caries.
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1310 | Bacterial reduction after selective 
caries removal: A systematic review and meta- 
analysis

Christiana Almeida Lima1,2; Thais Gimenes1,3;  
Kelly Maria Silva Moreira1; Ana Flávia Bissoto Calvo1,3; 
Tamara Kerber Tedesco1,3; Wellington Lima2;  
José Carlos Pettorossi Imparato1,3

1Departamento de Pós Graduação, Pesquisa e Extensão. 
Unidade de Campinas, Faculdade de Odontologia e 
Medicina São Leopoldo Mandic, Campinas, São Paulo, 
Brazil; 2Odontologia, Centro Universitário De Pato Branco 
-  UNIDEP, Pato Branco, Paraná, Brazil; 3Departamento 
de Ortodontia e Odontopediatria, Faculdade de 
Odontologia da Universidade de São Paulo. Universidade 
de São Paulo. Faculdade de Odontologia da Universidade 
de São Paulo, São Paulo, Brazil

Background: The purpose of this study was to verify 
whether the time factor interferes in the reduction of the mi-
crobiota after the sealing of caries lesions when the technique 
of selective removal of caries lesions was used.
Methods: A search was performed in the PubMed and Scopus 
databases, with the inclusion criteria being randomized clini-
cal trials, in human teeth that used selective caries removal. 
Exclusion criteria were: studies without longitudinal follow-
 up, which did not have standardized microbiological analy-
sis, studies that used chemical methods that may interfere 
with microbial counting.
Results: There was no language restriction or year of publi-
cation, identifying 1265 references. Two reviewers selected 
and extracted the data independently, according to PRISMA 
protocol, evaluating the quality of the studies following the 
Cochrane Handbook and the GRID system. Seventeen stud-
ies were selected, twelve considered for quantitative analysis, 
classified as low risk of bias. The study compiled microbio-
logical evaluations of total microbial count, Streptococcus 
mutans and Lactobacillus.
Conclusion: There is no significant difference in the re-
duction of microorganisms when comparing the techniques 
of selective and non- selective removal of decayed tissue. 
However, there was a significant difference in the reduction 
of microorganisms observed in the reopening of cavities after 
selective removal of caries, and the microbial reduction was 
significant in the first hundred days after cavity sealing in 
these cases.

1373 | Factors affecting children’s brushing 
habits and amount of toothpaste applied on the 
toothbrush

Caio Sampaio1; Giovanna Elisa Gabriel Coclete1;  
Alberto Carlos Botazzo Delbem1; Mayra Frasson Paiva1; 
Marcelle Danelon1; Douglas Roberto Monteiro1,2;  
Robson Frederico Cunha1; Juliano Pelim Pessan1

1Department of Preventive and Restorative Dentistry, 
São Paulo State University (UNESP), School of Dentistry, 
Araçatuba, São Paulo, Brazil; 2Graduate Program in 
Dentistry (GPD -  Master’s Degree), University of Western 
São Paulo (UNOESTE), Presidente Prudente, São Paulo, 
Brazil

Background: This study evaluated the use of fluoridated 
toothpastes by children and estimated the amount of toothpaste 
applied on the toothbrush by their parents/guardians according 
to descriptions typically recommended by scientific societies.
Methods: Parents/caregivers of children (0– 7 years old; 
n = 306) attending vaccination centres in the city of Araçatuba 
(Brazil), answered to a structured questionnaire comprising 
items related to interviewees` education, child’s age, gender, 
data on brushing habits and use of fluoridated toothpaste. In ad-
dition, a portable scale was used to estimate the amount of tooth-
paste used by children during toothbrushing. The results were 
submitted to Mann Whitney’s, Kruskal- Wallis’ and Friedman’s 
tests, and Spearman`s correlation coefficient (P = 0.05).
Results: The type of toothpaste and the amount of product 
used at home were not affected by the respondents’ educa-
tional level or family income. However, child’s age was sig-
nificantly correlated with the amount of toothpaste placed on 
the toothbrush (r = 0.324, P = 0.001). Also, the amount of 
toothpaste placed on the toothbrush increased according to 
what would be expected from the descriptions, although wide 
variations were observed within each description.
Conclusion: It was concluded that verbal instructions regard-
ing the amount of toothpaste to be used by children might not 
be an effective strategy for ensuring optimum exposure to 
fluoride, considering risk and benefits.
Funding: Coordenação de Aperfeiçoamento de Pessoal de 
Nível Superior –  Brasil (CAPES) –  Finance Code 001

641 | Estimation of fluoride ion 
concentration in urine after application of 
silver diamine fluoride in S- ECC patients

Sharan Sargod; K. T. Shamna; Ajay Rao; Afreen Shabbir
Pediatric and Preventive Dentistry, Yenepoya University, 
Dakshina Kannada, Karnataka, India

Background: Silver diamine fluoride (SDF) is a topical so-
lution that has been used for caries management. Though its 
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use is approved for arresting the dentinal caries, literature 
available on systemic absorption is limited and inconclusive. 
The aim of the study is to evaluate if high concentration of 
fluoride in SDF solution will have any systemic absorption 
in young children.
Methods: Patients diagnosed with S- ECC caries between 
the ages of 3– 6 years requiring dental rehabilitation were re-
cruited for the study. Before applying SDF, the base line urine 
samples were collected. SDF was applied for a minimum of 
5 dentinal carious teeth, according to AAPD protocol. Urine 
samples were collected after 2 and 24 hrs of application of 
SDF, fluoride ion concentration was estimated using fluoride 
ion selective electrode.
Results: The results showed that urinary fluoride concentra-
tion before the application of SDF was 0.66 mg/L + 0.25 
mg/L and after 2hrs it was 1.13mg/L + 0.28.however after 
24hr it reached to 0.63mg/L + 0.19 which is close to the base 
line value.
Conclusions: There is no statistically significant difference 
in the fluoride ion concentration before and after 24 hrs of 
application. Therefore there may not be any systemic absorp-
tion of fluoride after topical application of SDF.

1952 | Dental caries experience and 
treatment needed using ICDAS II criteria 
among school children in Iasi, Romania

Carmen Savin1; Ana Sîrghe1; Eugeniu Mihalaș1;  
Adriana Bălan1; Dana Baciu2; Carina Balcoș2

1Pediatric Dentistry, Faculty of Dental Medicine, "Grigore 
T. Popa" University of Medicine and Pharmacy, Iasi, 
Romania; 2Prevention, Faculty of Dental Medicine, 
"Grigore T. Popa" University of Medicine and Pharmacy, 
Iasi, Romania

Background: The study was carried out to determine the 
caries experience, caries prevalence and dental treatment 
needs in 6-8 and 11-13 years-old school children from Iasi, 
Romania.
Methods: A cross-sectional oral health survey of school chil-
dren was conducted for 6– 8 and 11– 13 years old children, 
using the ICDAS II system.
Results: The children from the age stage 6-8 year-old, 88.4% 
had experienced carious lesions, with a mean d1-6mft and 
d3-6mft of 5.12 (SD = 3.16) respectively 4.94 (SD = 3.11). 
No gender differences in caries experience or in its com-
ponents were found (p 0.05 in all cases). Among the 11-13 
year-old children, 96.4% had caries experience with mean 
D1-6MFT and D3-6MFT of 5.27 (SD = 3.66) respectively 
4.04 (SD  =  2.88). For this age stage, significant statistical 
differences were observed in caries experienced by gender. 

The ratio of first- and sixth-grade children with treatment 
need was of 85.8% and 82.7%.
Conclusion: Caries prevalence was very high in both age 
stages, the established carious lesions being the main con-
tributors to children’s caries experience, indicating an in-
creased need for preventive and restorative treatment in both 
age groups.

733 | Accuracy of different clinical methods 
for detection of non- cavitated lesion in primary 
teeth: A systematic review

Harsha Suhas Sawant; Sakshi Bisen
Pediatric and Preventive Dentistry, V.S.P.M. Dental 
College and Research Centre, Nagpur, Maharashtra, India

Background: Non- cavitated refers to initial caries lesion 
development, before cavitation. They are characterized by 
a change in color, glossiness or surface structure as a result 
of demineralization. Detecting them early might prevent the 
invasive treatment and likely protect from further damage to 
dental tissues. For their detection of caries, we have relied 
mostly on visual examination, with or without tactile sensa-
tion, aided by radiography. Often, the end result is low sensi-
tivity and high specificity, meaning a large number of lesions 
may be missed. These technologies include quantitative 
laser or fluorescence based methods, electrical conductance 
measurements, digital radiography and Trans- Illumination 
(DIFOTI).
Literature review: Databases search was carried out from in-
ception to the present for four electronic databases-  PubMed/
Medline, EBSCOhost, google scholar and The Cochrane 
library. A total of 834 studies were identified throughout 
search. After the removal of duplicates 818 remained. After 
screening of title and abstract 35 studies were suitable as per 
the inclusion criteria. They were analyzed qualitatively by 
applying the QUADAS- 2 tool.
Conclusions: There are ample studies demonstrating the ef-
ficacy of laser fluorescence for detection of non-  cavitated 
lesions they can be used to rule in the disease based on good 
sensitivity scores but more high quality and low bias in vivo 
studies needs to be done to know the accuracy of ACIS, light- 
florescence and transillumination.
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552 | Fluoride varnish for caries prevention 
in South African children: A cluster- 
randomized controlled community trial

Falk Schwendicke1; Linda Greenwall3; Marcus Cebula2; 
Neil Myburgh4; Karen Simpson4; Dirk Smit4;  
Michael J. Wicht4´5; Susanne Effenberger1,2

1Oral Diagnostics, Digital Health and Health Services 
Research, Charite Universitätsmedizin Berlin; 2Clinical 
Research, DMG Dental Material Gesellschaft

3Dental Wellness Trust; 4University of the Western Cape; 
5Department of Operative Dentistry and Periodontology, 
University Hospital of Cologne
Background: This cluster- randomized controlled commu-
nity trial aimed to assess the efficacy of fluoride varnish 
(FV) application for caries prevention as part of a tooth-
brushing program in a high- risk population in South Africa. 
Additionally, the cost- effectiveness was assessed.
Methods: 513 children aged 4– 8 years from two schools 
in a rural township in South Africa were class- wise cluster- 
randomized to the FV or Control (CO) groups. In addition to 
supervised toothbrushing in both groups, FV was applied in 
3- monthly intervals. Intraoral examinations were conducted 
at baseline, 12, 21 and 24 months. The primary outcome 
was the increment of cavitated lesions (i.e. newly developed 
ones or progressed, formerly non- cavitated lesions), requir-
ing restorations or extraction. Additionally, treatment and 
re- treatment costs were analysed. This trial was registered 
(ClinicalTrials.gov/NCT03429829).
Results: The 513 children (mean  ±  SD baseline d1- 4mft 
5.9 ± 4.3) were randomized to FV (n = 287) or CO (n = 226). 
4.7% FV and 4.7% CO teeth received or required a filling; 
2.0% FV and 2.1% CO were extracted, without significant 
differences between groups (P = 0.05) and in multivariable 
analysis, neither group allocation nor age or sex were signifi-
cantly associated with outcomes (P = 0.05). While FV gen-
erated high initial costs, follow- up costs were similar in both 
groups, resulting in FV being significantly more expensive 
than CO (1524 ± 956 ZAR vs. 806 ± 818 ZAR, P = 0.001).
Conclusions: Regular FV application was not cost- effective 
and had no significant caries- preventive effect in a primary 
school setting within a rural, high- risk community in South 
Africa.

751 | Changes in the appearance of dental 
fluorosis in children after one year

Batın Ilgıt Sezgin1; Eda Haznedaroğlu2; Şirin Güner Onur3; 
Gökçe Çiçek İldeş2; Ali Menteş2

1Pediatric Dentistry, Faculty of Dentistry, Istanbul 
Kent University, Istanbul, Turkey; 2Pediatric Dentistry, 
Faculty of Dentistry, Marmara University, Istanbul, 
Turkey; 3Pediatric Dentistry, Faculty of Dentistry, Trakya 
University, Edirne, Turkey

Background: The aim of this study was to evaluate the 
changes in the appearance of dental fluorosis (DF) after one- 
year period in a cohort of 30 children living in an area of high 
fluoride level in the drinking water.
Methods: 30 children aged between 7 to 12 years from 
Hanliyenice, a small town in Edirne, Turkey were included in 
the study. Inhabitants of this town were using tap water for drink-
ing and it contained 2.3 to 3 ppm fluoride. All children were ex-
amined by two calibrated pediatric dentists, all erupted primary 
and permanent teeth were inscribed, and DF was assessed with 
Thylstrup- Fejerskov Index (TF). After One year they (n = 21), 
were re- evaluated by the same pediatric dentists for the DF ex-
amination and all the present teeth were evaluated. Prevalence 
ratios associated with changes in each score of TF and 95% CIs 
were reported and evaluated with Mann- Whitney U test.
Results: In the cohort group, the increase of permanent teeth 
was 45% and the decrease of primary teeth was 20.7% in one 
year. Mean TF0 scores were 25.7% and 98% in the 1st and 
2nd examinations respectively and the difference was stati-
cally significant (P = 0.010). For TF1- 2 and for TF5- 8 there 
were not significant differences (TF1- 2 3, 7,\.4% and 30.9% 
P = 0.191; TF5- 8, 19.5% and 13.4% P = 0.814 in 1st and 
2nd examinations respectively), whereas for TF3- 4 the ratio 
of DF increased from 18.4% to 45.9% after one year and the 
difference was significant (P = 0.001).
Conclusions: This study showed that the appearance of DF 
degraded after one year as the children grew up.
Funding: The study was supported by The Marmara 
University Scientific Research Committee (BAPKO) with 
project number SAG- C- DUP- 090518- 0217.

1208 | Can every tooth should have silver 
lining???… the SMART way!

Sejal Shah
Department of Paediatric and Preventive Dentistry, Dr.D 
Y Patil Vidyapeeth's Dr.D Y Patil Dental College, Pimpri, 
Pune, Maharashtra, India

Background: “Prevention is better than cure” the preventive 
aspect of dentistry is evolving day by day so as to achieve 
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the goal of total caries control. There are so many other re-
views available on various preventive strategies. It is most 
important to avoid complications of caries progression as 
it may compromise children’s ability to eat, sleep and may 
also restrict life activity. Silver diamine fluoride has gained 
popularity in arrest of caries. SMART (Silver modified 
Atraumatic restorative technique) is new technique, in which 
SDF is accompanied with Atraumatic Restorative Treatment. 
SMART is a non- aerosol based, ascertained and it is signifi-
cant technique that involves minimal exposure to the patient 
during this COVID- 19 situation. The Aim of this review is to 
summarize all the details about SMART and create aware-
ness during this COVID- 19 to use this technique precisely by 
clinicians/public health workers.
Literature Review: A Review of pertinent literature was 
based on articles searched through PubMed, EBSCO, Google 
Scholar, Inside Dentistry and medRxiv electronic Databases 
published in English language from year 2016 to year 2021 
by using mesh terms and free text terms and also some basic 
Reference Manual related to Pediatric & Preventive Dentistry 
and COVID- 19 to gather up- dated Information required for 
research. The only case reports and reference manual which 
evaluated the effectiveness of SMART technique in preven-
tive dentistry amongst children. Initial search using terms 
gave total 30 number of articles among which 8 were selected 
Based on eligibility criteria.
Dental caries is most common chronic childhood diseases 
and involves complex process of De and Remineralization. 
Introduction of Silver Modified Atraumatic Restorative 
Technique as an alternative caries prevention tool enhances 
the current dental armamentarium. Minimal interventive 
dentistry is the best early preventive technique to arrest car-
ies which includes a recently introduced technique called as 
SMART (Silver modified Atraumatic restorative technique). 
It is technique in which decay is halted by using Silver 
Diamine fluoride and then restored with Glass Ionomer ce-
ment to seal the tooth and mask the black stain caused by 
SDF. SMART is an inexpensive, non- invasive and effec-
tive way to control caries at an early stage with conservative 
cavity preparation. SMART helps in significant reduction 
of child’s traumatic dental experience and therefore con-
veying manageable child behavior in dental office. In this 
COVID- 19 situation it is difficult to carry out aerosol- based. 
So, SMART can be opportunity to prevent caries in a single 
visit with minimal exposure of clinician to patient.
Conclusion: SMART is a benefit for both practitioner as 
well as patient. In this current review we will be giving brief 
idea about SMART technique and focusing on its superiority 
over traditional caries management techniques. As we know 
dentists are at a higher risk in current COVID- 19 situation 
so by Adhering to the principles of infection control and the 
non- aerosol based practices such as SMART helps in resume 
the dental practices and in reduction of risk associated with 
disease transmission.

627 | Evaluation of salivary pH changes 
after consumption of different berry juices

Arshiya Shakir1; C. Pushpalatha2; K. Roopa3

1Pediatrics and Preventive Dentistry, The Oxford Dental 
College, Bengaluru, Karnataka, India; 2Pediatrics and 
Preventive Dentistry, Faculty of Dental Sciences, Ramaiah 
University of Applied Sciences, Bengaluru, Karnataka, 
India; 3Orthodontics and Dentofacial Orthopedics, 
KLE Society’s Institute of Dental Science, Bengaluru, 
Karnataka, India

Background: Purpose of the study is to assess the salivary 
pH changes at different intervals after consumption of 100 ml 
of freshly prepared different berry drinks.
Methods: 30 volunteers aged 6 yr were assessed for salivary 
pH changes at 4 different days at 0min, 5min, 15min and 30min 
time interval after consumption of 100ml of 3 types of freshly 
prepared berry juices, that is Strawberry (Group 1), Blueberry 
(Group 2) and Cranberry (Group 3) and distilled water (Control). 
Intrinsic pH of all the berry juices were recorded initially before 
consumption using digital pH meter. The salivary pH changes 
were assessed after the consumption of 100ml of berry juices at 
different intervals using digital pH meter.
Results: At baseline the pH for Group 1, Group 2 and Group 
3 was 7.063, 7.134 and 7.11. After 30 min, the Group 1 
showed increased pH (7.184) which was equal to control 
group (7.112). Group 2 showed moderate drop in the pH 
(6.857) and Group 3 showed significant drop in pH (6.985) 
after consumption. Control group showed slight increase in 
salivary pH after intake of distilled water. None of the test 
drinks showed drop in salivary pH values below critical pH. 
Statistically there was no significant difference between 
groups at different time intervals.
Conclusion: The freshly prepared strawberry juice has the 
least acidogenic potential when compared with other juices. 
Hence among 3 types of berry juices strawberry juice can be 
considered as safe, suggesting less cariogenicity.
Funding: The present research project was self- funded.

1688 | Baking soda as a preventive oral care 
measure

Udit Shankar
Department of Pediatric and Preventive Dentistry, BJS 
Dental College, Hospital and Research Institute, Ludhiana, 
Punjab, India

Background: Microbial fermentation by dietary sugars and 
subsequent decrease in biofilm pH below critical pH is the 
bedrock of the caries process. Use of baking soda for rapid al-
kalization of the biofilm has evoked interest in researchers and 
can be one of the main drivers in caries preventive strategies
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Literature review: The earliest use of sodium bicarbonate 
was in dentifrices, having an effect on the numbers of Mutans 
Streptococci. Addition of sodium bicarbonate in chewing 
gums has also been used to elevate the interproximal plaque 
pH previously lowered by exposure to fermentable carbo-
hydrate. When bicarbonate was used in an oral rinse, it was 
shown to have a significant effect on the salivary pH and also 
resulted in a marginal decrease in pathogenic oral microflora. 
Patients with Acute leukemia undergoing chemotherapy have 
also been administered baking soda solution as an adjunctive 
oral care measure. Baking soda wipes and rinses are recom-
mended methods for caries management in 0- 5 year old chil-
dren at extreme risk of dental caries by CAMBRA
Conclusion: As the studies have shown, Baking soda in vari-
ous forms can be used to modify biofilm pH and can be used 
as a preventive oral care measure but more scientific research 
is required to establish its role in caries incidence reduction.

1689 | Association between single nucleotide 
polymorphisms of enamel formation genes and 
early childhood caries: A systematic review and 
meta- analysis

Aruna Sharma1; M S Muthu1; V Vettriselvi2;  
Richard Kirubakaran3; Sneha Patil1
1Department of Paediatric and Preventive Dentistry, Sri 
Ramachandra Institute of Higher Education and Research, 
Chennai, Tamil Nadu, India; 2Department of Human 
Genetics, Sri Ramachandra Institute of Higher Education 
and Research, Chennai, Tamil Nadu, India; 3Department of 
Biostatistics, South Asian Cochrane Network and Centre, 
Christian Medical College., Vellore, Tamil Nadu, India

Background: Early Childhood Caries (ECC) is a common 
chronic condition affecting more than 600 million children 
globally and is characterised by interaction between genetic 
and environmental factors. Single Nucleotide Polymorphisms 
(SNPs) are one of the most common variations occurring in 
the human genome. This systematic review aims to evaluate 
the association between SNPs of enamel formation genes and 
ECC.
Methods: An extensive search was conducted across elec-
tronic databases and Genome Wide Association Studies 
(GWAS) databases from January 2003 till April 2020. 
Observational studies assessing the association between 
SNPs of enamel formation genes and ECC were included. 
Two researchers independently assessed the studies, ex-
tracted the data and performed Risk of Bias assessment using 
the Q- Genie tool.
Results: A total of 5734 articles were identified and 17 stud-
ies assessing the association between SNPs of genes regu-
lating enamel formation, maturation and ECC were included 

of which nine studies qualified for meta- analysis. One study 
scored less than 45 and was classified as moderate quality 
study and the other sixteen studies scored more than 45 and 
were qualified as good quality studies.
Conclusions: Despite 90 SNPs of enamel formation genes 
being analysed for predisposition to ECC, Meta- Analysis 
revealed that genotype AA of polymorphism rs12640848 of 
ENAM gene was found to be significantly higher in patients 
with ECC with an odds ratio of 2.36 (1.00, 5.57). Further 
research is warranted to understand genetic predisposition to 
ECC.

152 | Non- removal of carious lesion a 
possible option during COVID- 19: A review of 
literature

Harshita Sharma; B. S. Suprabha
Department of Pediatric and Preventive Dentistry, Manipal 
College of Dental Sciences, Mangalore, Manipal Academy 
of Higher Education (MAHE), Mangalore, Karnataka, 
India

Background: Today, the world is fighting against the 
COVID- 19 pandemic. Dental professionals are at higher risk 
of cross infection and exposure due to aerosol generating 
procedures. Therefore, alternatives that do not include use 
of handpieces are recommended. Non- Restorative Cavity 
Control (NRCC) technique can be used as an alternative op-
tion in clinical practice for caries management.
Literature Review: NRCC is management of a carious le-
sion without removing it. The technique is minimally inva-
sive and grounded on the aetiology of dental caries disease 
development occurring at the level of the plaque biofilm. It 
aims to control activity of biofilm on tooth and lesion sur-
face by preventing the plaque biofilm formation or by caus-
ing disruption of maturation of plaque. Thus, the technique 
simultaneously prevents demineralization and promotes rem-
ineralization of tooth structure. The technique is particularly 
useful in young pre- cooperative anxious paediatric patients 
and for individuals with special healthcare needs. It includes 
simple steps like reinforcing good home oral care, good pro-
fessional care, and regular follow- ups which are critical for 
the success of the procedure. However, failure in any of the 
above can lead to an adverse outcome.
Conclusion: The current pandemic has challenged paediatric 
dentist to amalgamate newer approaches for caries control 
and the NRCC approach gives the benefit of aerosol free 
treatment. For an NRCC technique of caries lesion manage-
ment to become successful, a paradigm shift in the minds of 
dental practitioners is needed, along- with compliance and 
motivation of the parents.
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839 | Application of the CAMBRA protocol 
by dentists in the clinical care of infant patients

Cristina Silva; Sofia Carneiro
Department of Paediatric Dentistry, Faculty of Health 
Sciences, University Fernando Pessoa, Porto, Portugal

Background: The CAMBRA protocol represents an 
evidence- based method to prevent, reverse and treat dental 
caries. It aims to use strategies that reduce caries risk factors 
and increase protection factors. In a first stage, it is based 
on the prevention and treatment of causes of dental caries in 
order to prevent irreversible damage. Through a set of cri-
teria, it is possible to assess the patient risk of future dem-
ineralization, considering all the disease indicators and risk 
factors, in relation to the protective factors.
Methods: The objective of the present work was to evalu-
ate the knowledge and the use of the CAMBRA protocol, by 
dentists who develop their professional activity in the city of 
Oporto, Portugal, by completing a questionnaire, and under-
stand the advantages and disadvantages of this method. The 
sample of the present investigation was formed by dentists 
who accepted to participate in the study.
Results: 48 responses to the questionnaire were obtained. 
The evaluation of the results showed that in most cases (56%) 
of the studied sample, the CAMBRA protocol is not widely 
known. Among the respondents who say they know the pro-
tocol (44%), only 21% report using or have used this protocol 
in their clinical practice.
Conclusions: The CAMBRA protocol is still not widely known 
or used in the care of infant patients in the studied sample.

1116 | Oral health and anthropometric 
profile in pediatric ages: A systematic review

Cristina Silva; Maria Beatriz Oliveira
Department of Paediatric Dentistry, Faculty of Health 
Sciences, University Fernando Pessoa, Porto, Portugal

Background: This work checked the way food intake and 
the type of food taken are related to oral health and body 
mass index, body weight, height and body composition.
A systematic review was done, including several scientific 
investigations developed in countries from all the conti-
nents, searching to specify that relationship in children 2 to 
18 years, attending public and private schools, belonging to 
families from different social, economic, and regional origin.
Literature Review: A weaker global oral health is observed 
in children presenting lower body mass index and obesity, 
and also in those belonging to less favored social and eco-
nomic environments, with habits of bigger sugar ingestion 
and poorer nourishment regarding to healthy nutrients, caus-
ing pathologies such as dental caries.

The relation of dental caries prevalence and the intake of sug-
ary foods was verified in children with high body mass index, 
but also with low weight. Poor oral hygiene was also found to 
cause dental caries. There was a clear negative impact of the 
most disadvantaged socio- economic environments.
Conclusions: Although it was not possible to establish an 
unequivocal relationship between anthropometric data, such 
as obesity, and socioeconomic status in the prevalence of 
dental caries in children, there is a major focus on the need 
to promote a wider education for oral health in schools and 
near families, by health authorities and teachers, stressing the 
important role of family doctors.

1813 | Comparative evaluation of CPP- ACP 
cream and fluoride varnish in remineralization 
of MIH-affected teeth using laser fluorescence

Sanjeev Singh; Ashima Goyal; Krishan Gauba;  
Mrinalini Rathore
Pedodontics and Preventive Dentistry, Postgraduate 
Institute of Medical Education and Research, Chandigarh, 
India

Background: Molar incisor hypomineralization (MIH) af-
fected teeth have enamel with altered mineral content, includ-
ing decreased calcium and phosphorous and increased carbon, 
leading to porous enamel and subsequent post- eruptive break-
down. Treatment is aimed at the prevention of that breakdown. 
Various remineralization strategies originally employed for 
initial carious lesions have been extrapolated for use on these 
defects. The aim of this study was to evaluate the reminerali-
zation potential of CPP- ACP- based cream and fluoride var-
nish on MIH- affected teeth using laser fluorescence.
Methods: Thirty children aged 8– 14 years who exhibited in-
tact, demarcated opacities on their first permanent molars or 
permanent incisors were randomly divided into two groups 
using simple randomization. Group A received professional 
application of fluoride varnish (n = 15); Group B received 
daily single applications of CPP- ACP cream (n = 15). The 
mineral density was assessed before and after 15 days of ap-
plication with DIAGNOdent™ pen (KaVo).
Results: The mean change in laser fluorescence values depict-
ing a change in the mineral density scores was 8.933 ± 5.05 
for the fluoride varnish group and 7.133 ± 4.17 for the CPP- 
ACP group. This decrease was statistically significant for 
both groups. However, no significant difference was found 
between the two groups in terms of these changes.
Conclusion: In this study, CPP- ACP cream and fluoride var-
nish were equally effective in achieving remineralization of 
MIH- affected teeth.
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170 | A retrospective investigation of 
paediatric caries management under general 
anaesthesia at Hospital Canselor Tuanku 
Muhriz, Kuala Lumpur, Malaysia

Loshini Sockanathan1; Farinawati Yazid1;  
Tuti Ningseh Mohd Dom1; Azimatun Noor Aizuddin2; 
Annapurny Venkiteswaran3; Elavarasi Kuppusamy1

1Department of Family Oral Health, National University 
of Malaysia, Kuala Lumpur, Malaysia; 2Department of 
Community Health, Hospital Canselor Tuanku Muhriz, 
Cheras, Kuala Lumpur, Malaysia; 3Department of 
Paediatric Dentistry, Univeristi Teknologi MARA, Sungai 
Buloh, Selangor, Malaysia

Background: Studies have reported that there is a growing 
trend among parents’ preferences towards accepting dental 
treatment under general anaesthesia (GA). The aim of this 
study is to investigate the types of treatments provided, the 
time taken for treatment and post- operative complications.
Method: It is a retrospective study from 2017 to 2019 at 
Hospital Canselor Tuanku Muhriz (HCTM). Clinical notes 
of caries management under GA with ICD Code CM K02.9 
for paediatric patients were retrieved. Detailed information 
regarding patient’s demographic, GA year, referral source, 
medical history, type of treatment, time taken for treatment 
and post- operative complications were collected.
Results: A total of 140 medical records were retrieved. The 
mean age of patient was 5.9 years with more male patients 
62.1%. Highest treatment was done in 2019 with 39.3%. The 
bulk of the patients are for internal referral 65% and 60% of 
these children has medical illness. The most treatment done 
during GA was extraction of deciduous teeth followed by fis-
sure sealant of deciduous teeth. The average time taken per 
child is 52.87 minutes. No post- operative complications were 
recorded.
Conclusion: Majority of paediatric caries management under 
GA in HCTM involved preschool children aged 5– 6 years 
old boys with medical illness. More than half of the cases 
required extraction of deciduous teeth. Oral health of chil-
dren with medical illness is often overlooked because of their 
systemic disease and ongoing medical treatment. Hence, it is 
important for our paediatrician colleagues to refer the child 
early for oral health prevention.

695 | Effect of fluoride varnishes on 
remineralization of artificial enamel lesions: 
An in vitro study

María Solís; Luis Arriola; Ursula Albites
Dentistry, Universidad Científica Del Sur, Lima, Lima, 
Peru

Background: In this in vitro study, evaluation of the remin-
eralizing effect of seven fluoride varnishes on artificial cari-
ous lesions using surface microhardness was performed.
Methods: 4mm x 4mm blocks of bovine incisors (n = 80) 
were randomly divided into 8 groups (n = 10 each group): 
G1: control, G2: Duraphat, G3: MI Varnish, G4: Clinpro 
White Varnish, G5: Enamel Pro Varnish, G6: Duofluorid 
XII, G7: Profluorid Varnish, G8: Enamelast. All the sam-
ples were subjected to acid challenge for 96 hours at 37 °C 
to create the artificial lesion, varnishes were applied to the 
samples and samples were left in artificial saliva for 6 hours. 
The varnish residues from the samples were removed and 
samples were subjected to remineralization model, 3 hours 
in demineralizing solution and 21 hours in remineralizing 
solution for 5 days. Vickers surface microhardness (VHN) 
test was performed in all three stages of procedure.
Results: The recovery potential in remineralization was in-
sufficient in the control group (- 61.66%) and the Enamelpro 
group (- 7.67%). In the other groups a mineral gain was ob-
served, in Duraphat (4.43%), Clinpro White Varnish (0.82%), 
Enamelast (1.49%), Duofluorid XII (4.21%), MI Varnish and 
Profluorid groups the ones that showed the highest reminer-
alization with 22.94% and 24.93 % respectively.
Conclusions: Profluorid is the most effective varnish in the 
remineralization of enamel lesions in bovine teeth, followed 
by MI Varnish.
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747 | Caries as a risk factor for worsening 
masticatory performance: A seven- year 
longitudinal study

Debora Souto De Souza1; Maria Leticia Ramos- Jorge1; 
Lucas Duarte- Rodrigues1; Elaine Chaves Franca1;  
Ednele Primo- Miranda1; Isabella Mota- Veloso3;  
Joana Ramos- Jorge2

1Department of Dentistry, Universidade Federal dos 
Vales do Jequitinhonha e Mucuri (UFVJM), Diamantina, 
Minas Gerais, Brazil; 2Department of Oral Health for 
Children and Adolescents, Universidade Federal de Minas 
Gerais (UFMG), Belo Horizonte, Minas Gerais, Brazil; 
3Department of Pediatric Dentistry and Orthodontics, 
Faculdade de Ciências Odontológicas (FCO), Montes 
CLaros, Minas Gerais

Background: The literature shows a strong association be-
tween masticatory performance (MP) and dental caries, 
which is the most prevalent chronic oral disease in the popu-
lation. The aim was to assess whether caries is a risk factor 
for worsening MP in adolescents.
Methods: A longitudinal study was carried out with 324 ado-
lescents between 13 and 19 years old in 2019 (follow up), 
which were previously evaluated in 2012 (baseline), in the 
city of Diamantina / Brazil. The evaluation of dental caries 
was performed at both moments of data collection, using the 
DMF- T/def- t index and was classified into caries free at both 
moments, presence of caries only at the baseline, presence of 
caries only at the follow up, and presence of caries at both 
moments. For follow- up, a clinical oral assessment of mal-
occlusion was performed using the Angle Classification and 
the number of masticatory units. Questionnaire about age, 
sex and harmful oral habits was filled. All evaluations were 
performed by two examiners calibrated for the clinical oral 
conditions. The MP was evaluated using Optical test material 
and was based on the median particle size. For data analysis, 
Simple and Multiple Linear Regression, and a 95% confi-
dence interval, were considered.
Results: The MP mean was 2.68mm. The variables associ-
ated with a worsening MP were caries (B = +0.11; P = 0.04); 
malocclusion (B = 0.16; P = 0.01) and masticatory units (B 
= - 0.13; p 0.001).
Conclusions: Caries is a risk factor for worsening MP in 
adolescents.

763 | Salivary biomarkers for early 
childhood caries risk assessment

Kolluri Sritha; Veena Arali; Charanteja Vemagiri;  
Swapnika Vegi; Vajrala Sasidhar; Mounika Kallakuri
Department of Pediatric and Preventive Dentistry, GSL 
Dental College and Hospital, Rajamahendravaram, 
Andhra Pradesh, India

Background: Early childhood caries (ECC) is one of the most 
common chronic childhood diseases. Despite of advances in 
dental care, identification of children at risk for ECC before 
the onset of Cavitation remains challenging. Saliva as a host 
factor plays an essential role in maintaining the integrity of 
oral structures. Therefore, in recent studies, saliva was used 
to evaluate the incidence and resistance or susceptibility to 
caries by examining some of the promising biomarkers like 
microbiological species, electrolytes in saliva, antibodies, 
inflammatory mediators, glucosyltransferase and physical 
characteristics of saliva. Utilization of these biomarkers in 
clinical practice might help the clinicians in improving the 
oral health status of the child.
Literature review: Salivary biomarkers in early childhood 
caries can be classified as, Biological constituents of sa-
liva (Microorganisms), Physical properties and Chemical 
constituents of saliva. Several studies have reported higher 
concentrations of sIgA and Lysozyme in caries- free chil-
dren than in ECC. Salivary proteins also modulate the oral 
microflora by innate defense mechanisms. Therefore, the 
protein composition of saliva can be a sensitive indicator 
for dental health. Recent Studies have also reported role of 
cytokines as a marker in the oral inflammatory process in 
ECC.
Conclusion: The literature supports relation between caries 
prevalence in children with levels of salivary microbes, sali-
vary proteins, salivary IL 6 and also the physical and chemi-
cal characteristics of saliva. Therefore, salivary components 
can be used as one of the biomarkers for dental caries detec-
tion, risk assessment, diagnosis, prognosis and disease moni-
toring, and evaluation in ECC.
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835 | Correlation between oral health 
knowledge and practices, dietary behavior 
and caries prevalence among institutionalized 
children in Targu Mures, Romania

Oana Elena Stoica1; Cristina Ioana Bica1; Daniela Esian1; 
Anamaria Bud1; Alexandra Mihaela Stoica2

1Pediatric Dentistry, George Emil Palade University of 
Medicine, Pharmacy, Science, and Technology, Targu 
Mures, Mures, Romania; 2Department of Odontology 
and Oral Pathology, George Emil Palade University of 
Medicine, Pharmacy, Science, and Technology, Targu 
Mures, Mures, Romania

Background: The aim of our study was to assess the oral 
health knowledge and practices, dietary behavior and the 
prevalence of dental caries among institutionalized children, 
in Targu Mures, Romania.
Methods: A descriptive cross- sectional study was carried out 
on 355 children, aged 10– 14, recruited from three orphan-
ages. The data was collected on a structured questionnaire 
which included 25 closed ended multiple- choice questions 
on perceived knowledge and attitude towards oral health, 
oral hygiene practices and dietary habits. The dental status 
was analysed at the Department of Paediatric Dentistry in 
Targu Mures, using decayed, missing and filled tooth index 
(DMFT), for each subject. The statistical software SPSS 
(version 27.0) was used for the analysis of the data.
Results: Dental caries prevalence was 89.5% with a mean 
DMFT of 5.13 ± 2.0, without significant differences between 
females and males (P  =  0.253), but increased prevalence 
of caries with age (P = 0.023). 87.4% of subjects had good 
knowledge regarding use of fluoridated toothpaste and impor-
tance in maintaining good oral hygiene, however 78.7% had 
poor practice and low access to additional methods of den-
tal hygiene, leading to higher caries prevalence (P = 0.028). 
91.1% of the subjects showed poor dietary intake with high 
consumption of sugar- sweetened beverages and foods which 
directly influences the DMFT index (P = 0.030).
Conclusions: The study showed good knowledge of oral 
health, but poor oral health practices and unhealthy eating 
behavior, all leading to high prevalence of dental caries. 
There is a clear need for preventive and curative oral health 
programs in this section of the society.

1971 | Inadequate care of shallow caries of 
young permanent teeth can lead to endodontic 
treatment: A case report

Duška Stopar
General Dentist, Dentplus, Private Practice, Ljubljana, 
Slovenia

Introduction: Nowadays, composite fillings are consid-
ered the method of choice for the treatment of caries. It is of 
greater importance to work in a dry environment to achieve 
maximum adhesive strength between restorative materials, 
enamel and dentin, and therefore the use of a dental dam in 
pediatric dentistry is mandatory. Inadequate care of shallow 
caries can lead to necrosis of the dental pulp of young per-
manent teeth.
Case Report: In this case report presents a 9- year- old girl 
who came to another dentist office due to vestibular swell-
ing of the tooth 16; an antibiotic was prescribed. During the 
clinical examination a week later, the tooth reacted to a cold- 
sensitivity test, and premolars had just erupted. Preoperative 
radiograph revealed a filling that extends into the outer half 
of the dentin. It turned out that during the initial caries re-
moval, the pulpal mesiobuccal diverticulum was trepanned, 
and the pulp tissue, with the exception of the palatal root, was 
necrotic. Endodontic treatment followed.
Discussion: Young permanent teeth have a wide pulp cham-
ber; the treatment of caries requires special attention. In the 
case of pulp chamber trepanation during caries removal, the 
method of choice for direct or indirect pulp capping should 
be calcium- silicate based materials and not composites. 
Inadequate care, even in shallow fillings, can lead to pulp ne-
crosis and accompanying complications such as pain, swell-
ing, and fever.
Conclusion: Treatment of young permanent teeth is chal-
lenging due to the size of the pulp chamber and patients` 
cooperation. Inaccurate treatment methods could result in 
unnecessary endodontic treatment.
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847 | Treating early childhood caries during 
COVID 19 pandemic, using digital workflow to 
avoid aerosol production

Luis Fernando Suárez Rodríguez
Pediatric Dentistry at School of Dentistry, Universidad 
Francisco Marroquín, Guatemala, Guatemala, Guatemala

Introduction: Early Childhood Caries management and 
treatment are complex and difficult to navigate in pediatric 
dentistry, and now with the pandemic situation worldwide, 
it makes it even harder for pediatric dentists to solve this 
complicated health situation, both in the challenge of treating 
ECC with functional and esthetic restorations and minimiz-
ing possible exposure to COVID-19.
Case Report: A 3- year- old patient with ECC, parents 
strongly opposed General Anesthesia, was treated with this 
alternative treatment. Using technology routinely used in 
prosthodontics, following all the health guidelines, a satisfac-
tory and relatively inexpensive restorative and esthetic treat-
ment was accomplished.
Discussion: Treating ECC has always been challenging for 
pediatric dentists, being able to restore function and fulfill-
ing esthetic demands while not causing a negative impact on 
the dentist- patient relation. General Anesthesia, strip crowns, 
zirconia crowns and SSC have been options treatment for 
dentists all over the world to treat ECC pre COVID- 19 pan-
demic. Taking into consideration the new health and security 
protocols for medical personnel, waiting lists for operating 
rooms and the parent’s negative views on general anesthe-
sia, we have to come up with protocol secure treatments that 
can accomplish the restorative function and esthetic demands 
without exposing ourselves to aerosol production and com-
plying with minimal invasive treatments. In this case report, 
the aim is to provide pediatric dentists with an option that 
minimizes exposure potential, while still achieving the treat-
ment goals thru the use of an oral scanner and 3D printer 
using biocompatible resin.
Conclusions: This Case Report aims to give pediatric den-
tists a viable alternative to treating ECC, complying with 
health guidelines and safety protocols, achieving functional 
and esthetic restorations on a young patient who might oth-
erwise been treated with non- esthetic restorations or delayed 
treatment due to the Covid 19 pandemic with usage of Digital 
Workflow to fulfill the treatment.

1557 | Silver diamine fluoride: A review of 
literature

Minal Sukumar Salyankar; Suresh Kumar;  
Balagopal Varma; Parvathy Kumaran;  
Arun Mamachan Xavier; V. Malini
Department of Paediatric and Preventive Dentistry, Amrita 
School of Dentistry, Kochi, Kerala, India

Background: There are many preventive interventions that can 
be used as an alternative to traditional restorative procedures, 
and one of them is the use of silver diamine fluoride. It halts the 
caries progression and prevents new lesion development and 
appears to be almost twice as effective as fluoride varnish
Literature Review: Silver diamine fluoride is available in 
different concentrations (10%, 12%, 30% and 38%). Various 
authors recommend the use of 38% concentration for effec-
tive prevention and arrest of dental caries in children. Caries 
arrest rate of 38% concentration was also found to be higher 
with biannual application as compared to annual application.
Conclusion: Silver diamine fluoride (SDF) has been shown 
to be a successful treatment for arresting caries and also pre-
vent the occurrence of new carious lesions. It has great po-
tential, especially for early childhood caries, fearful adults, 
special needs children and adults, patients with salivary dys-
function, and patients with treatment challenged by behav-
ioural or medical issues.

764 | Applications of zinc oxide 
nanoparticles in dentistry: A review of 
literature

Jithya Suresh; G. Dhananjaya
Pediatric and Preventive Dentistry, Faculty of Dental 
Sciences, Ramaiah University of Applied Sciences, 
Bangalore, Karnataka, India

Background: Zinc is an essential trace element that plays 
an important role in the systemic health due to its antioxi-
dant properties. It is found naturally in the teeth, saliva and 
plaque. Zinc Oxide Nanoparticle (ZnO- NP) is a white odour-
less powder whose extensive applications in dentistry is 
attributed to its unique electrical, optical, catalytic and photo-
chemical properties which are favourable in various domains 
of dentistry such as in prevention, prognosis, tissue regenera-
tion and restoration.
Literature Review: The incorporation of ZnO- NPs into 
adhesive systems, composites, interim cements, intraca-
nal medicaments and tissue conditioners enhances the 
anti- microbial activity against Streptococcus sobrinus, 
Streptococcus mutans, Lactobacillus, Enterococcus faecalis 
and Candida albicans. It decreases the microleakage in flow 
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able composites and nano- sealers and improves the colour 
stability of silicone prosthesis. Incorporation in endodontics 
irrigants improves the fracture resistance of endodontically 
treated roots. It decreases biofilm growth in guided tissue re-
generation and enhances stability of drugs in controlled drug 
delivery. Incorporation in Nickel- Titanium wires reduces 
frictional forces and improves corrosion resistance. The ap-
plications in cancer therapy are due to its ability to detect 
low- level biomarkers and produce reactive oxygen species. It 
enhances dental waste- water purification in filters by selec-
tive adsorption. In dentifrices and nanogels, it causes dentinal 
tubule occlusion and promotes dentin re- mineralization.
Conclusions: The development of ZnO- NPs has opened new 
perspectives for innovation in oral care. Its use represents an 
expanding domain for diagnosis, treatment and prevention 
of various oral diseases, and in enhancing characteristics of 
existing dental materials. Further research is necessary to ex-
plore its complete in vivo potential.

1800 | Fluoride effect on activity of matrix- 
metalloproteinase- 20 (MMP- 20) during the 
amelogenesis process

Felita Putri Sutjipto; Soegeng Wahluyo;  
Udijanto Tedjosasongko
Department of Pediatric Dentistry, Faculty of Dental 
Medicine, Universitas Airlangga, Surabaya, East Java, 
Indonesia

Background: Amelogenesis is a biologic process of enamel 
development in which 90% of the protein that comprises ma-
trix enamel is amelogenin and the other 10% is ameloblastin, 
enamelin and tuftelin. These proteins will be degraded by 
enamel protease, which is known as Matrix Metalloproteinase 
–  20 (MMP- 20) to allow the formation of a mineralized 
enamel. Fluoride in the right concentration can be used for 
dental caries prevention, but excessive fluoride intake can 
result in hypoplastic enamel. This literature review aims to 
analyze the effect of fluoride induced activity of MMP- 20 
during the amelogenesis process.
Literature Review: Amelogenesis is a two- step process 
consisting of a secretory phase and a maturation phase. 
Amelogenin is secreted in the secretory phase and will be de-
graded by MMP- 20. This is a critical phase of enamel biomin-
eralization; and MMP- 20 activity has an important role in the 
amelogenesis process. Fluoride intake in excessive concen-
tration during enamel formation inhibits MMP- 20’s ability to 
degrade amelogenin. Several researchers report that fluoride 
incorporation into enamel apatite and amelogenin changes 
the protein structure. A change in protein structure could af-
fect MMP- 20 accessibility to degrade amelogenin. Delay of 
the degradation process can delay final mineralization of the 

enamel matrix. This can result in a thin, porous and brittle 
enamel.
Conclusion: Excessive fluoride intake can inhibit MMP- 20 
proteinase activity during amelogenesis.

1707 | Improving the oral health of 
expectant mothers: A review of literature

Kavitha Swaminathan; Selvakumar Haridoss
Department of Pediatric and Preventive Dentistry,, 
Sri Ramachandra Faculty of Dental Sciences, Sri 
Ramachandra Institute of Higher Education and Research,, 
Chennai, Tamil Nadu, India

Background: Pregnancy is an ideal time to promote primary 
prevention of Early Childhood Caries (ECC). The physi-
ologic changes that occur in the body during pregnancy, can 
affect the oral health of the expectant mother. Along with the 
changes that occur in the oral cavity such as increased acidity 
in the mouth and reduction in saliva production, other fac-
tors like increased craving for sweets, hyperemesis and fear 
of dental treatment during pregnancy, makes the expectant 
mother more susceptible to dental diseases.
Literature review: Utilization of prenatal oral health care 
is limited in both developed and developing countries. 
Increasing evidence suggests that poor oral health during 
pregnancy may have adverse effect on the pregnancy out-
come. Periodontal diseases during pregnancy increases the 
risk of preterm birth, preeclampsia, and delivering small- 
for- gestational- age infants. Studies have shown an associa-
tion between maternal poor oral health and increased risk for 
ECC. Mothers who received prenatal oral health care during 
pregnancy, showed a reduced incidence of ECC in their chil-
dren. Prevention and treatment of gingival and periodontal 
diseases and dental caries before, during and after gestation 
are the best ways to protect and optimise oral health in moth-
ers, new- borns and their community.
Conclusions: Pregnancy is not a reason to defer dental care 
or treatment. Expectant mothers should be provided with ap-
propriate and timely oral health care, including oral health 
education. Improving the knowledge on oral health care, 
maintenance of good oral health and utilization of dental care 
during pregnancy are critical and promising steps towards 
prevention of ECC.
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1711 | Prenatal counselling: A review of 
literature

Kavitha Swaminathan; Selvakumar Haridoss
Department of Pediatric and Preventive Dentistry, 
Sri Ramachandra Faculty of Dental Sciences, Sri 
Ramachandra Institute of Higher Education and Research, 
Chennai, Tamil Nadu, India

Background: Prenatal oral health counselling marks the be-
ginning of infant oral health care. The purpose of this is to 
generate awareness among expectant mothers about the den-
tal disease that occur during pregnancy and in early child-
hood, the prevention modalities and the means to provide a 
suitable environment for the child to develop.
Literature review: Early Childhood Caries (ECC) is an 
early arising, virulent form of dental caries which may re-
sult in pain, infection, and impairment of oral function. It not 
only affects the oral health but can also lead to malnutrition 
and diminished quality of life. Both poor nutrition and low 
birth weight are potential risk factors for enamel hypoplasia 
and development of ECC. The expectant mothers should be 
therefore be counselled to optimize nutrition during preg-
nancy and the infant’s first year, when the enamel is under-
going maturation. Oral health status of the parent must be 
assessed and parent’s risk of dental caries should be evalu-
ated. Uncontrolled caries in the expectant mother reflects 
a high level of Mutans streptococcus, which can be trans-
ferred to the infant later. Hence the dentist should educate 
on maintaining good oral health, discuss the transmissibility 
of Mutans streptococcus to the infant and provide preventive 
treatment along with this the concept of “Dental Home” and 
“First Dental Visit” must also be introduced.
Conclusions: Regular monitoring on effective oral hygiene 
and dietary habits, improvement of the mother’s oral hy-
giene, diet and use of mouth rinses have a significant impact 
on the child’s caries rate in the future.

1435 | Preventive measures in permanent 
molar caries control: A longitudinal study

Karine Takahashi1; Heitor Ceolin Araujo2;  
Nelson Abreu Santos3; Isabelle DÁvanço3; Sérgio Vilhegas1

1Paediatric Dentistry, Faculty of Dentistry in University of 
West Sao Paulo, Presidente Prudente, São Paulo, Brazil; 
2Department of Preventive and Restorative Dentistry, 
School of Dentistry, Araçatuba, São Paulo State University 
(Unesp), Araçatuba, São Paulo, Brazil; 3Gaduate student, 
Faculty of Dentistry in University of West Sao Paulo, 
Presidente Prudente, São Paulo, Brazil

Background: This longitudinal study aimed to analyse evo-
lution, stabilization or setback of caries lesions in pigmented 

fissures of first permanent molars, comparing to different 
preventive measures.
Methods: For this study, 60 children from a public school 
were evaluated concerning buccal condition and according to 
the presence of pigmented fissures in first permanent molars. 
Intervention was done using different methods: control of the 
fissure, duofluorid varnish, Fluoride varnish and fluoride gel. 
After 6 months, evaluation was done in order to verify condi-
tion of the teeth (analyse evolution, stabilization or setback). 
Data was submitted for statistical analysis.
Results: Preventive measures as control, fluoride varnish 
and fluoride gel showed similar results. Duofluorid varnish 
leads to evolution of caries cavities.
Conclusions: In pit and fissures lesions in permanent mo-
lars, preventive measures could lead to stabilization of caries 
progression, although its protector effect will depend on the 
caries risk of the patient.

1298 | Dental caries experience in children 
and adolescents with autism spectrum disorder

Maisa Costa Tavares1; Stefânia Werneck Procópio1; 
Camila Faria Carrada1; Flávia Almeida, Ribeiro Scalioni2; 
Rosangela Almeida Ribeiro2; Saul Martins Paiva1

1Department of Paediatric Dentistry, School of Dentistry, 
Federal University of Minas Gerais, Belo Horizonte, Minas 
Gerais, Brazil; 2Department of Social and Paediatric 
Dentistry, School of Dentistry, Federal University of Juiz 
de Fora, Juiz de Fora, Minas Gerais, Brazil

Background: Behavior related to Autism Spectrum Disorder 
(ASD), such as difficulty in oral hygiene and preference for a 
sugary diet can increase the susceptibility of these individu-
als to oral problems. The oral health conditions of individu-
als with ASD is a controversial topic in the literature. The 
aim of this study was to evaluate dental caries experience and 
clinical consequences of untreated dental caries in children/
adolescents with ASD, as well their socioeconomic charac-
teristics and oral health habits.
Methods: Forty- four (44) individuals with ASD partici-
pated in this cross- sectional study, with ages between three 
and 16 years, attended by the Department of Children`s 
and Adolescents` Health of Juiz de Fora, Brazil. Children/
adolescents with ASD were clinically examined for dental 
caries experience (DMFT/dmft) and clinical consequences 
of untreated dental caries (PUFA/pufa). Parents/caregivers 
answered questionnaires about socioeconomic information 
and children`s oral health habits. Descriptive statistics were 
performed.
Results: The mean age of the children/adolescents was 6.4 
( ± 3.2) years and most were male (90.9%). Most children/
adolescents with ASD had never visited the dentist (63.6%) 
and 43.2% experienced dental caries. The mean DMFT/dmft 
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was 1.52 ( ± 2.46), with the mean of the decayed compo-
nent being the highest one (1.2 ± 1.9), followed by filled (0.3 
± 1.1), and missing (0.1 ± 0.5). Most of the individuals did 
not present clinical consequences of untreated dental caries 
(95.5%).
Conclusions: The prevalence of dental caries in children/
adolescents with ASD was 43.2%. Most of the children/ado-
lescents never had visited the dentist and had a need for treat-
ment concentrated on teeth with untreated cavitated lesions.
Funding: The research project was supported by the Higher 
Education Personnel Improvement Coordination (CAPES) 
and to the Minas Gerais State Research Support Foundation 
(FAPEMIG).

1834 | Early childhood caries in children 
up to 6 years of Wardha district as influenced 
by maternal characteristics: A cross- sectional 
study

Nilima Thosar
Pediatric and Preventive Dentistry, Sharad Pawar Dental 
College and Hospital, Datta Meghe Institute of Medical 
Sciences (Deemed to be University), Wardha- 442107, 
Wardha, Maharashtra, India

Background: Early childhood caries (ECC) has multifactorial 
etiology. Mother has an important role in her child’s health. 
Untreated caries leads to poor oral health, which affects the 
quality of life in children and parents. Present study was con-
ducted to determine the impact of maternal characteristics 
which influence ECC in children up to 6 years of age.
Methods: 540 children up to 6 years attending OPD of Pediatrics 
and Pedodontics were included in study. Structured question-
naire consisted questions related to maternal factors such as edu-
cational, socio- economic status and feeding practices affecting 
ECC were considered. Software used was SPSS, version 12.0 for 
analysis. Chi- square test was used for comparing categorical data.
Results: Maximum children were from 3– 4- year age group 
[28% (151)] followed by 5– 6 years age group [23.33% (126)]. 
Least number of children were from 6 months to 1- year age 
group [4% (22)]. As the education of mothers increased, chil-
dren affected with caries were less, but severity was more 
with involvement of maximum number of teeth. Total caries 
experience in children of working mothers was less [5.34% 
(29)]. Overall caries experience was more in average socio- 
economic status [29.33% (158)])]. In both breast as well as 
bottle feeding, 4% (22) children had 2 teeth affected followed 
by 3.33% (18) children with involvement of 1 tooth.
Conclusions: Maternal characters such as educational, socio- 
economic status and feeding practices of mothers can act as ben-
eficial parameters to evaluate the nature and severity of ECC.

828 | The effect of fluoride varnish on early 
childhood caries lesions

Tanja Tomazevic1; Veronika Lorenčič2; Rok Kosem3

1Department of Paediatric and Preventive Dentistry, 
University Medical Centre Ljubljana, Ljubljana, Slovenia; 
2Department of Paediatric and Preventive Dentistry, 
Community Health Centre Velenje, Velenje, Slovenia; 
3Department of Paediatric and Preventive Dentistry, 
University Medical Centre Ljubljana, Ljubljana, Slovenia

Background: The aim was to evaluate the effect of fluoride 
varnish, applied along with advice on proper nutrition and 
tooth brushing with fluoride toothpaste, on early childhood 
caries lesions.
Methods: Fifty- two children aged between 14 and 33 months, 
without fillings or extracted teeth and with at least one cari-
ous lesion in enamel or dentin, assessed with ICDAS, were 
included. Children were clinically examined every 3 months, 
seven times. All parents were instructed on proper nutrition 
and teeth brushing with fluoride toothpaste. At each check-
 up, the test group (N = 26) was treated with Fluor Protector 
S and the control group (N = 26) with water (placebo). The 
analysis of variance was used to determine differences in pro-
portions of tooth surfaces with carious lesions between study 
groups and between first examination and check- ups.
Results: At individual check- ups, there were no statistically 
significant differences in the proportions of surfaces scored 
ICDAS 1– 6 (P = 0.778), ICDAS 1– 2 (P = 0.741) and ICDAS 
4– 6 (P = 0.832) between the study groups. The proportions 
of surfaces scored ICDAS 1– 6 (P = 0.001) and ICDAS 1– 2 
(p 0.001) were statistically significantly lower at all check- ups 
in comparison to the first examination. The proportions of 
surfaces scored ICDAS 4– 6 differed statistically significantly 
between check- ups (P = 0.047), but statistically significant 
differences were observed only between the first examination 
and second, fourth and fifth check- up.
Conclusions: The preventive measures applied contributed 
to reducing the incidence and arresting of early childhood 
caries lesions in our study groups; however, the additional 
effect of fluoride varnish was not confirmed.
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1046 | Comparison of the efficacy of three 
different oral hygiene teaching methods

Alexandra Trullas1; Ana Veloso Duran2; Isabel Chung Leng3; 
Laura Muñoz Piqueras4; Francisco Guinot Jimeno5

1DDS in Dentistry. Student of Master in Pediatric 
Dentistry, Universitat Internacional de Catalunya, 
Barcelona, Barcelona, Spain; 2PhD in Dentistry. 
Associate Professor of the Pediatric Dentistry Department, 
Universitat Internacional de Catalunya, Barcelona, 
Barcelona, Spain; 3DDS in Dentistry. Master in Pediatric 
Dentistry and Orthodontics UEM. Professor of the 
Master in Comprehensive Pediatric Dentistry, Universitat 
Internacional de Catalunya, Barcelona, Barcelona, 
Spain; 4DDS in Dentistry. Master in Pediatric Dentistry. 
Associate Professor of the Pediatric Dentistry Department, 
Universitat Internacional de Catalunya, Barcelona, 
Barcelona, Spain; 5PhD in Dentistry. Head of the Pediatric 
Dentistry Department, Universitat Internacional de 
Catalunya, Barcelona, Barcelona, Spain

Background: Dental caries is one of the most prevalent dis-
eases worldwide. The presence of bacterial plaque is a crucial 
condition for developing tooth decay. For this reason, it is 
important to control dental plaque to prevent dental disease. 
The aim of this study was to determine which oral hygiene 
teaching method is the most effective in reducing the bacte-
rial plaque index in children aged 3 to 5 years who study in 
schools in Catalonia (Spain).
Methods: A prospective longitudinal study was carried out 
in children aged 3 to 5 years from a school in Catalonia, 
Spain. The study was carried out in three parts: in the first 
phase, a dental examination was performed to evaluate the 
bacterial plaque index using the O`Leary Index. The second 
phase was based on educational sessions on oral hygiene, 
and each school group was shown a different oral hygiene 
teaching method. The three oral hygiene teaching meth-
ods consisted of an explanatory video, a presentation using 
PowerPoint® slides and a practical session with denture 
models. Finally, a third phase was carried out 2 months later, 
in which the bacterial plaque index was again evaluated 
using the O`Leary Index to assess which learning technique 
was the most effective.
Results: A total of 157 children were included in the study 
(20% males and 80% females). There are no statistical differ-
ences regarding the applied oral hygiene teaching method (P 
value 0.01). There are also no significant differences between 
age and sex (P value 0.01).
Conclusions: Although there is not a more effective oral hy-
giene teaching method, it is essential to emphasize the im-
portance of oral prevention. The educational talks on health 
encourage the younger population to re- educate their habits.

205 | Fluoride content in dentifrices 
commercialized for children in Brazil

Lidia Audrey Rocha Valadas2; Nara Juliana Custódio Sena1; 
Vanara Florêncio Passos1; Marta Maria de França Fonteles1; 
Francisco Josimar Girão Júnior1; Mara Assef Leitão Lotif1; 
Rosueti Diógenes de Oliveira Filho3

1School of Pharmacy, Dentistry and Nursing, Federal 
University of Ceara, Fortaleza, CE, Brazil; 2Department 
of Preventive and Community Dentistry, University of 
Buenos Aires, Buenos Aires, Buenos Aires, Brazil; 3School 
of Pharmacy, Facene University

Background: The aim of this study was to determine the 
total, soluble and ionic fluoride concentration in toothpastes 
for children.
Methods: Fifteen different brands of toothpastes were pur-
chased in different cities of Brazil. The total fluoride (TF), 
total soluble fluoride (TSF) and ionic fluoride (IF) of two 
samples of each brand were determined (μg/g F).
Results: Measured TF was less than that declared by the manu-
facturer in all the products. The concentration of TF found in the 
fluoride toothpastes ranged from 324.4 to 1608.2 μg/g F, TSF 
ranged from 214.6 to 1557.7 μg/g F and IF ranged from 108.3 to 
1329.5 μg/g F. TSF ranged between and IF. Most of toothpastes 
were formulated with Sodium Fluoride (NaF), and only one MFP.
Conclusions: The concentrations of total fluoride were below 
the reported values. TSF and IF were below than the total fluo-
ride concentration. Most of the samples studied have TSF con-
centration that provide anti- caries effect. Additional studies with 
a larger number of samples are suggested to obtain more data.

854 | Groundwater fluoride and the risk of 
fluorosis

Lidia Audrey Rocha Valadas1; Francineudo Oliveira Chagas2; 
Analice Mendes Barreto Fernandes2;  
Rosueti Diógenes De Oliveira Filho3;  
Nara Juliana Custódio de Sena2; Aldo Squassi1
1Department of Preventive and Community Dentistry, 
University of Buenos Aires, Argentina; 2School of 
Pharmacy, Dentistry and Nursing, Federal University of 
Ceara; 3School of Pharmacy, Facene University

Background: Fluorosis is a worldwide public health problem 
and the type of water consumed is one of the factors related to 
it, such as the consumption of well water. Well water is still 
the main source of drinking water in many communities, being 
the main source of fluoride intake. The high concentration of 
fluoride in these waters can be justified by contamination by 
local industries, where some studies correlate the consump-
tion of groundwater with a high prevalence of fluorosis, since 
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fluoride, together with arsenic, are considered the main pollut-
ants in these waters. Objective: The objective is to carry out 
a systematic review relating the risk of fluorosis in children 
exposed to water consumption from wells.
Literature Review: This systematic review was conducted 
in accordance with the guidelines of the Cochrane hand-
book for systematic review of Interventions following the 
four- phase diagram of the Preferred Reporting Items for 
Systematic Reviews and Meta- analysis (PRISMA). The 
study protocol was registered at the National Institute of 
Health Research Database (CRD42021227298). The research 
question was adapted from PECO framework to systemati-
cally review the clinical studies: Population: Patients up to 18 
years; Exposition: Ground water; Comparison: - ; Outcome: 
Fluorosis. A comprehensive search was conducted to identify 
potentially relevant studies by exploring a range of electronic 
databases (Medline via PubMed, Scopus, Cochrane library, 
Science Direct, Web of Science Core Collection, Medline via 
Ovid, Lilacs and Embase). Additionally, a Google scholar 
and reference search on grey literature were undertaken to 
identify any other relevant published work. The search was 
carried out without applying any time limits or language re-
strictions. The search strategy includes the terms: “Children”, 
“child” and “Fluoride”, “Fluorine”, “Water Well*”, and 
“Water Ground*”; and “Fluoridated water”, “water fluorida-
tion” and “Enamel defect*”, “Fluorosis”. We found 2188 arti-
cles, after reading title and abstracts we selected 63 references 
to screen and finally the data was extracted from 24 articles.
Conclusions: A relationship was identified between the con-
sumption of water from wells and the prevalence of fluorosis 
in individuals up to 18 years of age, this study being the first 
to systematically assess this worldwide.

1797 | Remineralization potential and 
application of casein phosphopeptide- 
amorphous calcium phosphate in pediatric 
dentistry: A review of literature

Arya Varghese; Balagopal Varma; Suresh Kumar;  
Parvathy Kumaran; Arun Mamachan Xavier;  
Malini Venugopal
Pediatric and Preventive Dentistry, Amrita School of 
Dentistry, Kochi, Kerala, India

Background: Minimal invasive dentistry is the new paradigm 
in oral health care that integrates the ideology of prevention 
and remineralization with little or nil invasive procedures. Non- 
fluoridated products such as casein phosphopeptide- amorphous 
calcium phosphate (CPP- ACP) have been introduced and play 
an integral part in caries prevention by initiating remineraliza-
tion at an early stage. With no risk of ingestion in children as an 
added advantage over fluoridated products, it plays an integral 
role in preventive pediatric dental care.

Literature Review: Intra- orally, CPP- ACP can act as a 
calcium- phosphate reservoir and also buffer acid and delay 
biofilm formation, leading to sub- surface remineralization 
of early enamel lesions. This remineralization potential of 
CPP- ACP makes its application in various conditions pos-
sible, including reversal of white spot lesions, dental ero-
sion, dentine hypersensitivity, adjunct in tooth bleaching and 
molar incisor hypomineralisation. Recently, various authors 
have introduced new agents by incorporating fluoride, propo-
lis, chitosan, and other products to CPP- ACP to enhance the 
remineralization potential and the applications of CPP- ACP.
Conclusion: A review of literature supports the role of CPP- 
ACP in the non- invasive management of early caries lesion, 
dental erosion, and various other conditions, and its being 
accepted as an effective preventive measure in various forms 
in pediatric dental care.

1895 | Comparative evaluation of the bond 
strengths of glass ionomer cement to eroded 
dentine surfaces following treatment with 
silver diamine fluoride with and without the 
application of potassium iodide

Arya Varghese; Arun Mamachan Xavier; Balagopal Varma; 
Suresh Kumar; Parvathy Kumaran; Malini Venugopal
Pediatric and Preventive Dentistry, Amrita School of 
Dentistry, Kochi, Kerala, India

Background: Silver diamine fluoride (SDF) is currently rec-
ognized as a safe, effective, and easy- to- use remineralization 
agent. The only drawback which limits its use is its poten-
tial black staining. Studies have introduced the application 
of potassium iodide (KI) following the use of SDF to reverse 
this black staining and increase treatment acceptance. A la-
cuna, however, exists on the potential effect on bond strength 
of permanent restorations such as GIC to eroded surfaces 
treated with SDF and KI.
Method: 30 1st maxillary premolars were selected and an oc-
clusal cavity of approximately 2mm diameter 1mm depth into 
dentine was prepared. All the samples underwent an acid- pH 
cycle (3 cycles) which involved immersion in carbonated bev-
erage for 3minutes followed by immersion in artificial saliva 
for 1 minute. They were then segregated into 3 groups of 10 
each. Group 1: SDF application followed by GIC; Group 2: 
SDF application immediately followed by application of KI 
and GIC; Group 3(Control): GIC directly applied. A 2mm 
loop stainless steel wire was inserted into the cavity prior 
to GIC application to obtain datum for calculation of bond 
strength. All samples were subjected to a micro tensile bond 
strength test using a universal testing machine (UTM).
Results: The mean micro tensile strength for Group 2 (SDF) 
was 5.15 MPa ( ± 1.45), Group 3(SDF+KI) was 10.42MPa 
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( ± 2.07), as compared to 4.5 ( ± 0.9) for the control group 
(P = 0.001).
Conclusions: The application of KI significantly increased 
the bond strength of GIC to eroded dentine treated with SDF.

617 | Minimal intervention technique 
for managing carious primary molars: Hall 
technique

Deviswapnika Vegi; Veena Arali; Charan Teja Vemagiri; 
Vajrala Sasidhar; Kolluri Sritha; Atluri Naga Supraja
Pediatric and Preventive Dentistry, GSL Dental College & 
Hospital, Rajahmundry, Andhra Pradesh, India

Background: Dental caries in preschool children is more 
complex disease effecting around 60-  90% of worldwide 
population (WHO 2019). Primary molars are the most com-
monly affected, if left untreated caries may progress to in-
volve pulp leading to infection and pain. In children, who 
are young and apprehensive tooth preparation may lead to 
structurally weakened teeth and is really a challenging proce-
dure. Dr Hall described a novel method of managing carious 
primary molars by cementing preformed metal crowns also 
known as stainless steel crowns, without any local anesthe-
sia, caries removal or tooth preparation.
Literature Review: Timely management of carious primary 
molars should be done to prevent premature tooth loss, to main-
tain physiological space for developing permanent molars. 
Recently, Hall technique has been introduced, which is based on 
the scientific evidence that caries progression is arrested once an 
effective marginal seal is achieved. Innes et al, Santamaria et al, 
Ludwig et al. conducted studies and inferred that Hall technique 
as a successful treatment modality for the management of cari-
ous primary molars compared with traditional techniques which 
required caries removal under the local anesthesia.
Conclusions: Present review concluded that Hall technique is 
superior to conventional method of treatment and the success 
rate is 5 times higher than conventional restorative techniques. 
Hall technique is a minimal intervention technique and child 
friendly approach of managing carious primary molars.

1808 | Bringing back the smile in infants 
and toddlers- A review of literature

Leena Verma; Sidhi Passi
Pediatric Dentistry, Pediatric Dentistry, Dr Harvansh 
Singh Judge Institute of Dental Sciences, Panjab 
University, Chandigarh, India

Background: An infant smile is always captivating. Early 
childhood caries (ECC) is one entity which can take away the 
smile. It is a serious public health problem which begins in 

early life soon after eruption of the teeth, progressing rapidly, 
and can lead to more widespread health issues.
Literature Review: Even though it is a preventable condition, 
ECC remains one of the most common childhood diseases. 
Improper feeding practices, familial social background, lack 
of parental education and lack of access to dental care are 
major contributing factors in the etiology of the disease. This 
poster will give an overview of the consequences of ECC and 
various measures to be taken to treat the disease .The most 
important aspect in the management of ECC should be pre-
vention, since this alone can eradicate the disease. The most 
cost effective regimens of fluorides in all forms, with em-
phasis on the use of fluoride varnishes, new formulations of 
fluoride toothpastes, fluoride releasing restoratives and tooth 
mousse will be discussed. In addition to the optimal use of 
fluorides, early visits to a dentist will also be included.
Conclusion: Development of ECC among children should 
be properly controlled and prevented to maintain effective 
eating, speech development and formation of a positive 
self- image.

952 | Silver diamine fluoride: A paradigm 
shift in the management of early childhood 
caries

Layla Whyatt1; Manas Dave1,2; Siobhan Barry1,3

1Division of Dentistry, University of Manchester, UK; 
2Department of Histopathology, Manchester Royal 
Infirmary, UK; 3Department of Child Dental Health, 
University Dental Hospital of Manchester, UK

Introduction: Early childhood caries (ECC) is one of the 
most prevalent chronic diseases worldwide and may pre-
dispose to pain, sepsis and poor general health. Due to their 
young age, restorative treatment for children with ECC can 
be challenging. Silver diamine fluoride (SDF) represents a 
non- invasive biological approach which can inhibit deminer-
alisation and arrest carious lesions.
Case report: A 1- year- old girl presented with asymptomatic 
ECC affecting her upper primary incisors. Her medical his-
tory was unremarkable. Clinical examination revealed labial 
caries of her URA, ULA and ULB. Cooperation was limited. 
Treatment options discussed included extraction/restoration 
of carious teeth under general anaesthesia (GA). However, 
as her parents wished to avoid this, SDF was chosen as an 
alternative. After informed consent was gained regarding its 
associated tooth discolouration, SDF was applied topically 
to all carious lesions. On three month recall, all caries were 
arrested.
Discussion: The pre- cooperative nature of many children 
presenting with ECC may necessitate treatment under GA. 
SDF is a safe and effective alternative, which can minimise 
the need for GA and avoid premature loss of primary teeth. 
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With the current climate encouraging a minimally invasive 
approach to dentistry, SDF is a pragmatic strategy for caries 
management in the paediatric patient. It is therefore vital that 
practitioners are aware of its aesthetic compromise and off- 
licence use to aid informed consent.
Conclusion: This case highlights the use of SDF as an ef-
fective caries management technique in a patient where age 
and cooperation would otherwise commit them to treatment 
under GA.

1309 | Antimicrobial photodynamic therapy 
in pediatric dentistry

Melis Yazir; Figen Seymen
Department of Pediatric Dentistry, Istanbul University 
Faculty of Dentistry, Istanbul, Turkey

Background: Antimicrobial Photodynamic Therapy is effec-
tive in the treatment of bacterial, fungal and viral infections; 
recognized as a new therapeutic approach in the management 
of biofilms. In pediatric dentistry, aPDT is generally used for 
the purpose of remineralization by disinfection of affected 
dentin on deep carious lesions, and has many different uses 
in dentistry.
Literature Review: Antimicrobial Photodynamic Therapy 
is promising and emerging as adjuvant therapy in an at-
tempt to eliminate the microorganisms persistent to chemo- 
mechanical preparation. Since there is presence of oxygen in 
cells, photosensitizer activated by light can react with mol-
ecules in its vicinity by electrons transfer, leading to microor-
ganism death. Bactericidal effects on saliva to Streptococcus 
mutans have been proven by studies in children with severe 
early childhood caries. Also a PDT can be applied as pre-
ventive protocol in patients with high caries risk for success-
ful restorations in which the formation of secondary caries 
is prevented and the dental tissue is preserved at the maxi-
mum level. The effects of aPDT on periodontal pathogens 
were determined by studies, and it was emphasized that this 
method could accelerate healing in addition to mechanical 
debridement. Besides biofilm disinfection, this method can 
be used therapeutically in lesions caused by Candida albicans 
and Herpes Simplex virus.
Conclusions: In addition to its low toxicity and cell selectiv-
ity, it is suggested that aPDT can be considered as a solution 
to high adaptation capacity of microorganisms to antimi-
crobial agents. However more clinical studies are needed to 

confirm the efficacy and long- term success of this treatment 
method.

772 | Is silver diamine fluoride (SDF) an 
alternative biological treatment modality? Use 
of SDF and minimally invasive techniques: A 
review of literature

Vecihe Ipek Yorel; Ayse Celik; Derya Tabakcilar;  
Senem Selvi- Kuvvetli
Pediatric Dentistry, Faculty of Dentistry, Yeditepe 
University, Istanbul, Turkey

Background: The objectives of this review are to empha-
size the use of minimally invasive treatment methods and 
to overview the use of silver diamine fluoride (SDF) as an 
alternative caries management agent in the treatment of de-
prived communities and patients with behavioural manage-
ment issues.
Literature Review: Dental caries is still a major health prob-
lem worldwide and children experience a considerably high 
number of carious lesions. In some parts of the world, access 
to healthcare is limited, and therefore, patients may not be 
able to receive the dental treatments needed. In recent years, 
minimally invasive treatment methods that result in remin-
eralisation and arrest of carious lesions are being promoted. 
These methods include the use of silver diamine fluoride 
(SDF), interim therapeutic restorations (ITR), atraumatic re-
storative treatment (ART), and Hall- style crowns. Biological 
caries management methods that aim to promote pulpal 
health and control the activity of the biofilm are becoming 
more popular in oral healthcare worldwide. Therefore, silver 
diamine fluoride (SDF) can be a good alternative option in 
caries management among children, who have poor access to 
oral healthcare and behavioral management issues.
Conclusions: Minimally invasive treatment options are ef-
fective tools in managing caries. Silver diamine fluoride of-
fers a promising non- invasive method in the remineralisation 
and arrest of carious lesions. It is expected that SDF will be 
widely used for caries control to meet patient needs and the 
national goals of the Institute of Medicine’s quality aims. 
However, further research is still needed to determine its ef-
ficiency and application protocols.
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1422 | In  vitro antimicrobial effect 
of low- fluoride toothpaste containing 
polyphosphate, polyols and fluoride against 
oral microorganisms

Igor Zen1; Alberto Carlos Botazzo Delbem1;  
Thayse Yumi Hosida1; Leonardo Antônio Morais1;  
Tamires Passadori Martins1; Douglas Roberto Monteiro1,2; 
Juliano Pelim Pessan1

1Preventive and Restorative Dentistry, São Paulo State 
University (Unesp), Araçatuba, São Paulo, Brazil; 
2Graduate Program in Dentistry, University of Western São 
Paulo (Unoeste), Presidente Prudente, São Paulo, Brazil

Background: This study evaluated the antimicrobial ef-
fect of toothpaste containing 200 ppm fluoride (200F), 
xylitol (X, 16%), erythritol (E, 4%), and sodium trimet-
aphosphate (TMP, 0.25%), alone or in different associations 
against Streptococcus mutans (SM), Candida albicans (CA), 
Lactobacillus casei (LC) and I Actinomyces israelii (AI).
Methods: Suspensions of the microorganisms (300 μL) were 
added to BHI Agar medium, poured into Petri dishes, and 
dried for 1 h. Five wells were made in each plate to receive 80 
µL of toothpaste suspensions in dilutions of 1:1, 1:2, 1:4, 1:8, 
and 1:16. Toothpaste containing 0 (Placebo) or 1100 ppm F 
(1100F) were used as controls. Areas of microbial inhibition 
were recorded using a digital caliper. The longest diameter at 
the inhibition zone`s outer limit was measured (3 x).
Results: The data were analyzed by 2- way ANOVA and 
Fisher`s LSD test (p 0.05). For SM, the largest halo was ob-
served for 200F+TMP in all dilutions, followed by the ex-
perimental toothpaste (all active compounds) and toothpaste 
X+E. Conversely, for CA, the experimental toothpaste was 
consistently more effective than the other treatments, followed 
by 200F+X+E, and 1100F. For LC, the overall trend showed 
that the polyols effectively inhibited microbial growth, and 
the association with the other compounds enhanced such ef-
fects. Finally, for AI a less defined trend was observed.
Conclusion: The association of polyols and TMP in a low- 
fluoride toothpaste effectively inhibited the growth of some 
of the cariogenic microorganisms assessed, suggesting that 
this formulation could be an interesting alternative for chil-
dren due to its reduced fluoride content.

999 | Carious activity in 6-  and 12- year- old 
schoolchildren from a Romanian industrial 
town

Daciana Zmarandache; Mihaela Tanase;  
Ioana Andreea Stanciu; Victor Ion Feraru; Raluca Paula Vacaru
Paediatric Dentistry, Faculty of Dentistry, Carol Davila 
University, Bucharest, Romania

Background: The aim of the study is to evaluate the extent 
of dental caries in two groups of 6– 7 and 11– 12 year- old chil-
dren from Slatina, an industrial town situated in the south 
part of Romania.
Methods: A clinical transversal study was performed on 
a sample of 200 schoolchildren of 6– 7 year- old children 
(100 boys, average age = 7.2 ± 0.06 years) and on a sam-
ple of 200 schoolchildren of 11– 12 year - old (100 boys, 
average age 12 ± 0.06 years. The children were clinically 
examined, and their dental caries was registered. The index 
of caries prevalence (Ip), the dmft/s, DMFT/S indices and 
their components, SiC30 and SiC10, were calculated for 
the whole group, as well as separately, on both sexes. The 
results were statistically processed with program SPSS, 
version 16.0.
Results: 1. For primary dentition: (a) 6– 7 years: Ip = 80.5%, 
dmft = 3.98 ± 0.4; SiC30 = 7.29 ± 0.4; SiC10 = 9.5 ± 1.5; 
dmfs  =  8.2  ±  1; (b) 11– 12 years: Ip  =  59.8%, 
dmft = 1.91 ± 0.4; SiC30 = 3.56 ± 0.5; SiC10 = 8.5 ± 1.1; 
dmfs = 4.47 ± 1. 2. For permanent dentition: (a) 6– 7 years: 
Ip  =  36.5%; DMFT  =  0.78  ±  0.1; SiC30  =  2.7  ±  0.2; 
SiC10  =  3.35  ±  0.2; DMFS  =  0.94  ±  0.2; (b) 11– 12 
year: Ip  =  77%; DMFT  = 2.8  ±  0.4; SiC30  =  5.7  ±  0.2; 
SiC10 = 8.6 ± 2.4; DMFS = 4.12 ± 0.2.
Conclusions: The main pathology in both age groups was 
dental decay. In both dentitions evidenced increased carious 
activity, which requires the implementation of special educa-
tion programs for the reconstruction of a modern network of 
school medical consultations.
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Bioadhesive Nanoparticulate Drug Delivery System
Rajashree Shashidhar Masareddy*, Archana Sidagouda Patil* and Anand Panchakshari Gadad

KLE Academy of Higher Education and Research (Deemed-to-be-University),  
Department of Pharmaceutics, KLE College of Pharmacy, Nehru Nagar, Belagavi, India

Abstract
The inherent short comings of conventional drug delivery and the potential of nanoparticles (NPs) 
as drug delivery systems have offered a tremendous scope for research. The field of bioadhesion 
mainly focuses on the development of new devices along with intelligent polymers. Bioadhesive 
polymeric-based systems play an important role in delivering various bioactive molecules and 
API’S. A bioadhesive delivery system residing on a biological surface allows the localized thera-
peutic delivery by releasing bioactive molecule in the vicinity of the site of action, thus promot-
ing bioavailability enhancement. NPs may be used for oral administration of gut-labile drugs or 
those with low aqueous solubility. These colloidal carriers have the ability to cross the mucosal 
barrier as such. In addition to the potential for enhancing drug bioavailability via particle uptake 
mechanisms, nanoparticulate oral delivery systems also have slower transit times than larger dos-
age forms increasing the local concentration gradient across absorptive cells, thereby enhancing 
local and systemic delivery of both free and bound drugs across the gut. This chapter provides a 
comprehensive description of the application of phenomenon of bioadhesion to nanoparticulate 
carrier systems and their role in efficient drug delivery.

Keywords: Bioadhesion, mucoadhesion, theories of mucoadhesion, mechanism of mucoadhesion, 
mucoadhesive polymers, mucoadhesive of nanoparticles, evaluation of mucoadhesive systems, 
applications

List of Abbrevations

Alg Alginate
AFM Atomic force microscopy 
API’S Active pharmaceutical ingredient
CP Carbopol
CMC Carboxy methyl cellulose
CS Chitosan 
CLSM Confocal Laser Scanning Microscopic
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DEAE Dimethylaminoethyl
EC Ethylcellulose
GIT Gastrointestinal tract
HEC Hydroxy ethyl cellulose
HPC, Hydroxy propyl cellulose
HPMC Hydroxy propyl methyl cellulose
MC Methyl cellulose
MA Maleic anhydride
NP Nanoparticulate
PVA Poly vinyl alcohol
PVP Poly vinyl pyrollidone
PAA Phosphoric acid anodized
PEG Polyethylene glycol
PC Phosphatidylcholine
PLA Polylactic acid 
PLGA Poly(lactic-co-glycolic acid)
ROIs Regions of interest

14.1 Introduction

Recent year’s successful improvement in nanotechnology has resulted revolutionary 
enhancement in the field due to promising advancements in technology and their applica-
bility in industry. In the context, research on bioadhesive systems has gained much atten-
tion because of their prolonged adherence to mucus, which is an integral part of each and 
every organ in human body which ultimately results in enhanced systemic and local bio-
availability of the drug. The emergence of trouble free, non-invasive bioadhesive delivery 
systems along with nanotechnology has gained greater attention of researchers in devel-
oping nano-bioadhesive systems with the main aim of enhancing patient compliance and 
active pharmacokinetic modulation of the drug molecule. The drug molecule must reach 
the specific site of action in an efficient way to produce optimum drug effects. The strategy 
of drug delivery to specific site using advanced drug delivery system has improved the ther-
apeutic efficacy of drug by enabling reduction in total dose of the drug administered, thus 
minimizing unwanted toxic effects. Due to smaller particle size, colloidal systems have a 
great potential for drug targeting which can be of advantage for parenteral and oral delivery 
of drugs to specific organ/target site.

Nanomedicine and nanodelivery systems is an emerging and rapidly growing science 
where materials having nanoscale range of 10–1,000 nm are used for the controlled deliv-
ery of diagnostic or therapeutic substances to specific target sites. Nanoparticles (NP) 
are colloidal particles of active ingredients which may be entrapped, encapsulated or 
adsorbed. They impart various benefits when included in formulation such as targeting 
drug to specific site, modulate pharmacokinetics of drug release, increase drug efficacy 
and safety [1, 2].

Oral administration of drug using conventional drug delivery systems is widely accepted, 
however due to its inherent short coming it is inefficient for effective delivery of poorly 
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soluble drugs and drugs undergoing enzymatic degradation. Extensive research in field of 
nanotechnology and potential of nanoparticles has evolved from concept to reality in effec-
tive delivery of drug which has enormous scope. Linking drugs to polymeric bioadhesive 
nanoparticulate systems help circumvent the problems of conventional drug delivery sys-
tem. These carriers possess enhanced potential for increasing drug bioavailability which is 
attributed to its adhesive interactions inside the mucosa, particle uptake mechanism and 
slow transit time leading to increased concentration gradient (local) over absorptive cells, 
which ultimately improves local and systemic delivery of both bound and free drug across 
the gut [3, 4].

The process of bioadhesion that occurs within biological settings is called as 
“Bioadhesion” and at the mucosal membrane is called as “Mucoadhesion”. Both the terms 
have been used synonymously for the phenomenon of adhesion in body system. Polymers 
(natural or synthetic) which binds to the biological substrate due to presence of mucin 
in the physiological system namely buccal cavity, GIT, vaginal cavity, rectum, eye, ear, 
and nose were widely explored for the site specific delivery of therapeutic molecules in 
various pharmaceutical formulations [3]. The engineered systems incorporating bioad-
hesive coating to non-adhesive nanospheres show diversity in distribution to different 
tissues following uptake which suggest that surface chemistry of particles significantly 
influences the localization within the body thereby enhancing bioavailability via particle 
uptake mechanisms [5].

14.2 Mucous Membrane

The body membranes lining the gastrointestinal tract (GIT), sublingual cavities and buccal, 
soft and hard palates, nose, ear, eye, vagina and rectum are covered by thick jelly material 
referred to as mucin which contains 5% glycoproteins comprising of about 160 to 200 oli-
gosaccharide chains in glycosylated portion while each unit of oligosaccharide contains 8  
to 10 monosaccharide units. Mucin is synthesized by goblet cells and special type of endo-
crine cells along with mucous acini [6]. At physiological pH, the network of mucin exhibit 
negative charge because of presence of sialic acid and sulphate residues making the glyco-
protein behave as an anionic polyelectrolyte. The composition of bioadhesive mucin thus 
consists of cross-linked, highly hydrated, flexible, linear and randomly coiled glycoprotein 
molecules with a negative charge. Mucous helps to form a linkage between the adhesive and 
the membrane [7].

14.3 Mucoadhesive Forces

The phenomenon of mucoadhesion occurs due to electromagnetic forces and electrody-
namic interactions which could be of attractive or repulsive nature acting between mole-
cules or separated portions of macromolecules. These forces have been classified into two 
main categories of long-range and short-range forces. 

The short-range forces are generally attractive forces referred to as valence forces, 
however repulsive forces dominate if molecules are nonreactive and inert chemically [8]. 
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Long-range attractive forces referred as van der forces contribute to physical phenomena 
of surface tension, friction, viscosity, cohesion/adhesion of solids and liquids [9]. The rela-
tionship of attractive and repulsive interactions can be expressed by Derjaguin Landau 
Verwey Overbeek (DLVO) theory which exists for all types of charged surfaces, such as 
muco-surfaces. Different theories, i.e. electronic, fracture, diffusion, adsorption and wet-
ting have been extensively explained to understand the mucoadhesive forces [10, 11]. 
Complex interactions occur in the biological system due to the presence of macromole-
cules in aqueous media with high ionic strength. The contribution of electrostatic involve-
ment is less in terms of force components like hydration forces, hydrophobic interactions 
and stearic forces. Various forces involved with the mucoadhesive systems are compiled in  
Table 14.1 [12].

Table 14.1 Types of forces and their attributes in mucoadhesive systems.

Sl. No. Force Principle Attributes Reference

1 London 
dispersion 
forces 

Van der Waal’s 
attraction

The attraction between 
temporarily induced 
dipoles in nonpolar 
molecules and 
interactions involve a 
force of about 0.5 to 
1 Kcal/mol. 

Whitesides et al., 
1991 

2 Dipole–dipole 
interactions 

Weak in nature because 
only partial charges 
are involved and have 
the force of 1 to 7 Kcal/
mol. 

Rawlins, 1984 

3 Debye type 
forces 

Interactions between 
permanent and 
induced dipoles with 
force of about 1 to 
3 Kcal/mol. 

Martin et al., 
1994.

4 Hydrogen 
bonding

Electrostatic 
interaction

The force is short range 
and highly directional 
and magnitude of bond 
energy is between 
10 and 20 KJ/mol 

Nylander et al., 
1994 

5 Disulphide 
bridging

Strong covalent 
interaction

Showed the strongest 
mucoadhesive 
properties via 
thioldisulphide 
exchange reaction and 
an oxidation process 

Leitner et al., 
2003 

(Continued)
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14.4 Theories of Mucoadhesion

The mechanism of mucoadhesion has been described by four main theories;

14.4.1 Electronic Theory

It refers to differences between the electronic structures of mucoadhesive and mucus which 
leads to transfer of electrons between mucoadhesive and mucus which ultimately results in 
mucoadhesion. There is a formation of double layer of electric charges of attraction due to 
electron transfer at the interface of mucus and mucoadhesive [13].

Table 14.1 Types of forces and their attributes in mucoadhesive systems.

Sl. No. Force Principle Attributes Reference

6 Hydration 
forces

Short-range 
repulsive 
interaction

Originated from the 
binding of water 
molecules to polar 
surface sites and 
prevents contact 
even in the absence 
of charge-charge 
repulsion 

Claesson and 
Christensson, 
1988 

7 Electrostatic 
double-layer 
forces 

Attraction and 
repulsion

Increases adhesion to 
negatively charged 
surfaces and assigned 
to less repulsion 
between the surface 
and the adhering cells 

Larsson and 
Glantz, 1981 

8 Hydrophobic 
interactions 

Attractive 
interactions 
between 
non-polar 
molecules

The hydrophobic effect 
can be nullified 
to a certain extent 
by lowering the 
temperature of the 
solution to near zero 
degrees and strength 
of these interactions is 
about 0.37 kcal/mol.

Martin et al., 
1994 

9 Steric forces Repulsive 
interaction 

The maximum possible 
number of molecular 
contacts between 
an adhesive and its 
substrate may be 
greatly restricted by 
the steric aspects of 
molecular geometry 

Glantz et al., 
1999 
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14.4.2 Adsorption Theory

It explains the mechanism of mucoadhesion due to surface interactions among mucus sub-
strate and polymer. Primary bonds like metallic, covalent and ionic bonds develop perma-
nent interaction between substrate and polymer. The surface interactions (temporary) arise 
by van der Waals forces, hydrogen bond and hydrophobic interactions which are secondary 
in nature are comparatively larger than electronic theory described forces [14].

14.4.3 Wetting Theory

The theory is suitable only for low mucoadhesive or less viscous systems. It correlates the 
effect of spreadability of delivery system of drug across a biological substrate on adhesion. 
Less interfacial tension between substrate surface and mucoadhesive system enhances 
the wettability and spreadability. The polymer with similar functional group as of mucus 
layer results in greater polymer spreadability on mucosal surface because of increased  
solubility [15].

14.4.4 Diffusion Theory

The diffusion theory emphasizes on the interpenetration to an acceptable depth and physi-
cal involvement of mucus and protein polymer chains with mucoadhesive materials, which 
depends on their respective molecular weight, chain length, degree of cross linking, spatial 
conformation and flexibility [16]. The different theories of mucoadhesion along with their 
mechanism are given in Table 14.2 [4].

Table 14.2 Theories of mucoadhesion.

Theory Mechanism

Adsorption theory Adhesive interaction among substrate surface depends upon the 
intermolecular forces such as hydrogen bond, van der Waals forces, 
etc. 

Wetting theory Solution affinity to the substrate is inversely dependent on contact angle 

Mechanical theory Liquid adhesives diffuse into the micro-cracks and irregularities of the 
substrate surface which leads to formation of interlocked structure 
which results in adhesion.

Electronic theory Transfer electrons among surfaces resulting in attractive forces 

Cohesive theory The intermolecular forces between the like molecules leads to 
bioadhesion

Diffusion theory Diffusion of the polymer chains, present on the substrate surfaces, across 
the adhesive interface thereby forming a networked structure 
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14.5 Mechanism of Mucoadhesion

The proposed theories individually fail to explain the mucoadhesive mechanism. The com-
plete process of mucoadhesion is a combination of different theories of wetting, spreading, 
dissolution and swelling of polymer (mucoadhesive) respectively at an interface, inter- 
diffusion as well as interpenetration among the chains of polymer (adhesive) and the mucus 
or epithelial surface leading to physical cross-links and/or mechanical interlocking; poly-
mers adsorption at the interface so the adhesive bonding beyond interface is possible and 
forms secondary chemical bonds among the mucin and polymer chains molecules [8]. The 
mechanism involved in mucoadhesion is represented in Figure 14.1.

14.6 Polymers Used to Prepare Mucoadhesive Nanoparticles

The phenomenon of bioadhesion leads to prolonged and close contact between the absorp-
tion site and the delivery device thereby enhancing efficiency of drug delivery, which 
brought an interest among researchers to develop and evaluate various bioadhesive poly-
meric systems. The potential advantages of using bioadhesive polymers in formulation of 
different drug delivery systems include:

1. Increased residence time of drug at absorption site.
2. Enhanced contact time with mucosa.
3. Localization at particular regions to increase bioavailability of drug.

The important physico-chemical characters of polymer that attribute to the potential 
adhesion of candidate include: 

MUCIN
+

MUCOADHESIVE
POLYMERS

FORMATION OF
SECONDARY CHEMICAL

BOND BETWEEN THE
POLYMER CHAINS AND

MUCIN.

SPREADING, WETTING, 
SWELLING AND

DISSOLUTION OF
MUCOADHESIVE POLYMER
AT THE POLYMER MUCOUS

INTERFACE.

INTERDIFFUSION AND
INTERPENETRATION BETWEEN

THE CHAINS OF ADHESIVE
POLYMERS AND THE MUCOSAL
SURFACE RESULTING PHYSICAL

CROSS LINKS AND MECHANICAL
INTERLOCKING.

ADSORPTION OF
THE POLYMERS AT
THE INTERFACE SO

THAT THE
ADHESIVE

BONDING ACROSS
THE INTERFACE IS

POSSIBLE. 

Figure 14.1 Representation of mechanism of mucoadhesion.
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• Polymer with higher molecular weight (>100,000 Da) for chain entangle-
ment as well as interpenetration.

• Molecules (hydrophilic) with higher functional groups forming hydrogen 
bonds with mucin.

• Anionic poly electrolytes having higher charge density of carboxyl and 
hydroxyl groups [17].

Studies of different polymers showed that various polymers exhibit varying mucoadhe-
sive property with respect to their physico-chemical strength. Higher mobility of flexible 
polymer chain segment facilitates interpenetration of polymer chain and inter-diffusion. 
Similar surface characteristics to that of biological substrate provide to low interfacial free 
energy among adhesive and substrate. Though these properties may not be needed for bio-
adhesion, they are needed to increase the bioadhesive properties of the polymers [18]. For 
targeted drug delivery polymers with hydrophilic-functional groups like ‒COOH, ‒OH, 
‒NH2, ‒So4H are very suitable candidates for formulation. The functional groups of these 
polymers develop interaction with mucus via physical entanglement and chemical bonds 

Table 14.3 Classification of mucoadhesive polymers.

Criteria Category Examples

Source Semi-natural/
natural 

Chitosan, Agarose, Hyaluronic acid, Gelatin, 
Various gums (xanthan, guar, hakea, gellan, pectin, 

carragenan, and sodium alginate) 

Synthetic Cellulose derivatives: 
CMC, MC, Thiolated CMC, HPC, HEC and HPMC, 
Poly(acrylic acid)-based polymers: 
CP, PEG, PC, PAA and copolymer of acrylic acid
Others: PVP, PVA, Thiolated polymers 

Aqueous 
solu bility

Water-soluble HPMC (cold water), CP, PAA, HEC, sodium alginate and 
sodium CMC 

Water-insoluble Chitosan (soluble in dilute aqueous acids), PC and EC

Charge Cation Aminodextran, dimethylaminoethyl (DEAE)-dextran, 
chitosan, trimethylated chitosan

Anion sodium CMC, Chitosan-EDTA, CMC, CP, pectin, PC, 
PAA, sodium alginate and xanthan gum

Non-ionic Poly(ethylene oxide), Hydroxyethyl starch, PVA, 
scleroglucan, HPC and PVP

Potential 
bioadhesive 
forces

Covalent Cyanoacrylate 

Hydrogen bond Acrylates [hydroxylated methacrylate, poly(methacrylic 
acid)], PC, CP and PVA 

Electrostatic 
interaction

Chitosan
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leads to formation of cross linked network. Polymer chain length, degree of hydration and 
crosslinking, polymer concentration, charge, pH, etc. are some of other properties which 
can affect mucoadhesive nature of polymers. Cellulose derivatives such as Methyl cellu-
lose, Hyroxy ethyl cellulose, Sodium Carboxy methyl cellulose, Hydroxyl propyl methyl 
cellulose, carbomers, chitosan, plant gums are hydrophilic in nature containing –COOH 
group and possess excellent mucoadhesive properties [19]. Anionic polyelectrolytes PAA 
has been widely used to design mucoadhesive delivery systems due to its ability to develop 
strong hydrogen bonding with mucin of the mucosal layer [20]. Chitosan a natural biocom-
patible and biodegradable cationic polymer is widely used since it undergoes electrostatic 
interaction with negatively charged chains of mucin, exhibiting mucoadhesive properties 
[21]. Nonionic polymers e.g. Poloxomer, HPMC, MC, PVA, PVP form viscous solutions 
and hence used as viscosity enhancing agent in ocular delivery [22]. List of mucoadhesive 
polymers and their effects are depicted in Tables 14.3 and 14.4 respectively [4, 23].

14.7 Ideal Properties of Mucoadhesive Polymers

• Should rapidly adhere to mucosa. 
• Should develop stronger interaction with epithelial tissue of mucin. 
• Should possess spreadability, solubility, wetting, swelling and biodegradabil-

ity properties. 
• Should remain unaltered by the fluid dynamic conditions, pH changes and 

food. 

Table 14.4 Influence of polymer properties on mucoadhesion.

Properties Effect

Functional group COOH, NH2, OH, SO4H groups favor mucoadhesion.

Molecular weight Higher is the molecular weight (above 100,000), greater will be the 
bioadhesion.

Flexibility Higher flexibility of polymer results in higher diffusion and hence 
greater mucoadhesion.

Chain length Interpenetration increases with decrease in chain length.

Degree of hydration Excess hydration leads to low mucoadhesion.

Degree of 
cross-linking

Increase in cross-linking decreases mucoadhesion.

Polymer 
concentration

For semisolid: Increase in concentration decrease mucoadhesion.
For solid dosage form: Increase in concentration increase 

mucoadhesion.

Charge Nonionic polymers possess less mucoadhesion than ionic, and 
cationic polymers exhibits more mucoadhesion than anionic.
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• Must be feasible to incorporate in different dosage forms. 
• Should possess adequate bioadhesive properties i.e. peel, tensile and shear 

strengths. 
• Should be bioadhesive in both dry as well as liquid state. 
• Should exhibit local penetration enhancement and enzyme inhibition 

properties. 
• Exhibit acceptable duration of shelf-life. 
• Should possess sufficient molecular weight. 
• Should hold active groups of adhesive nature. 
• Must sufficiently cross-link but not to the extent as to suppress groups form-

ing bonds. 
• Should have sufficient viscoelastic properties and should not breakdown at 

the mucosa [24].

14.8 Mucoadhesion of Nanoparticles

A description of the series of steps involved in bioadhesion of nanoparticles when adminis-
tered orally in form of suspension is depicted in Figure 14.2.

1. A suspension of particles when orally administered immediately enters and 
reaches the mucosal portion of oral cavity.

2. The rapid and irreversible adsorption takes place at mucus layer where con-
centrated particle suspension acts as reservoir. 

Drug Administration

lumen

Adsorption

Mucoadhesion

Detachment of particles

adsorption

transit

elimination of particles

Step IV

Step III

transit of particles Step II

Step I

mucus layer
epithelium

Figure 14.2 Mucoadhesive behavior of colloidal particulate systems following oral administration.
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3. The particle suspension at lumen perfused via intestine and extends contin-
uously all parts of mucosa. The concurrent process of adsorption leads to 
covering whole of intestinal mucosa by particles (adherent).

4. At the proximal region separation of particles from mucosa commences and 
extends to distal region [25].

14.9 Preparation Methods of Mucoadhesive Polymeric 
Nanoparticles

14.9.1 Solvent Displacement Method

Solvent displacement method is also called as nanoprecipitation method. In the method 
preformed polymer gets precipitated from organic solvent which is diffused in to aqueous 
medium either in the absence or presence of surfactant [26–29]. In first step generally PLA 
polymer gets dissolved in solvent (water-miscible) with intermediate polarity, which leads 
to precipitation of nanoparticles. In the second step, this solution in injected in to the sta-
bilizer (surfactant) containing aqueous solution with continuous stirring. Due to fast diffu-
sion of solvent, there is a polymer deposition at the interface of organic solvent and water, 
leading to instantaneous formation of colloidal solution [30]. At the first stage of procedure, 
the phase separation was achieved by using miscible solvent which is also non-solvent for 
the polymer to facilitate the preparation of colloidal polymeric particles [31]. The method 
is depicted in Figure 14.3.

This is a simple technique of nanoformulations, applications limited only to water mis-
cible solvents where the diffusion rate is sufficient to produce spontaneous emulsification. 
Generally the method well suited for lipophilic drugs due to the miscibility of the solvent in 
aqueous phase but inefficient in encapsulation of water soluble drugs.

This method was well adopted for the formulation of bioadhesive nanoparticles. 
Weiwei et al., prepared bioadhesive PLGA-carbopol nanoparticles for local delivery of 
Rapamycin. PLGA is a well-known polymer to protect and control the release of drug 
molecule. Carbopol is a promising stabilizer as well as great bioadhesive material which 
possess good bioadhesive property, thus prolonging retention both in vitro and in vivo 
[32–34]. Juan, prepared the copolymeric nanoparticles of methyl vinyl ether with maleic 
anhydride (PVM/MA), which is commercialized as Gantrez from ISP, USA by using 

solvent 
and residual

water 
evaporation

polymer + drug + 
surfactant

Organic solution:

Aqueous solution:
stabilizer in water(surfactant)

Figure 14.3 Nanoprecipitation method for nanoparticle preparation.
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solvent displacement method. As PVM/MA co-polymer reacts with amino residues of 
molecule, this property was utilized for coating the nanoparticles. For coating prepared 
nanoparticles were incubated with gelatin or bovine serum albumin for 2 h; purified by 
centrifugation and lyophilization [35].

14.9.2 Surface Modification of Nanoparticles With Mucoadhesive Polymers

Addition or conjugation of excipients having mucoadhesive property, chemical alteration 
by co-mixing or charge induction, copolymerization and coating are the few evaluated tech-
niques for improving the polymer strength of mucoadhesion. These modified polymers are 
then used for coating of drug carrying nanoparticles. Some polymers modified to enhance 
mucoadhesive property are loaded in Table 14.5 [36].

Wang et al. [37] formulated microspheres by using aminated gelatin. Due to enhanced 
chain flexibility and increased amino group content, these microspheres showed greater 

Table 14.5 Modified mucoadhesive polymers.

Modified mucoadhesive polymer Drug delivery system

Acrylated poly(ethyleneglycol)-alginate conjugate –

Concanavalin-A ethylcellulose conjugate Microspheres

Chitosan coated poly(lactide-co-glycolide) Microparticles

Bioadhesive polymers: sodium carboxymethyl cellulose, Carbopol 
974P and polycarbophil

–

Chitosan, sodium carboxymethyl cellulose and poloxamers (Lutrol® 
F68 and F127) containing Precirol® ATO 5 and Gelucire® 53/10 
microparticles

Microspheres

Carbopol 934 and poly(vinyl pyrrolidone) (PVP) K30 were 
incorporated into the Eudragit patches

Transdermal patch

Aminated gelatin Microspheres

N-trimethyl chitosan Nanoparticles

Hydroxypropyl methylcellulose (HPMC), chitosan Tablets

Carrageenan as mucoadhesive polymer and Eudragit RL PO CR polymer Tablets

Amine-terminated poly(methyl methacrylate) –

3,4-dihydroxyphenyl-L-alanine (DOPA) functionalized PEG polymers –

Mucinated MCC –

Film forming polymers: hydroxypropyl methyl cellulose, hydroxyethyl 
cellulose, chitosan, Eudragit and sodium alginate

Buccal films

Ethylcellulose as matrix and Carbopol 974P NF as mucoadhesive 
polymer

Microsphere
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gastric mucoadhesion when compared to simple gelatin microspheres. Concomitant 
administration of mucoadhesive polymers like carrageenan, Carbopol 934, sodium car-
boxymethyl cellulose, polycarbophil were found to improve mucoadhesive strength of 
developed drug delivery systems. Albertini et al. [38] utilized mucoadhesive polymers 
sodium carboxymethylcellulose, polaxomers (F127 and Lutrol F68) and chitosan for 
the preparation of mucoadhesive Econazole nitrate microparticles for localized vagi-
nal delivery. From all these polymers, polaxomers showed significant improvement in 
muco adhesive strength and bioavailability of drug molecule. Manca et al. [39] prepared 
chitosan coated PLGA microparticles which exhibited enhanced drug loading efficiency, 
nebulization efficiency, mucoadhesive property and stability. Also chitosan coating con-
trols the release of drug from particles. 

14.9.3 Emulsion Polymerization

Emulsion polymerization is a prevalent commercial method for polymerization of various 
copolymers like chloroprene, vinyl acetate, and various acrylate co-polymers. The method 
is depicted in Figure 14.4. In this method, surfactant is first dissolved in water which is used 
as continuous phase until critical micelle concentration (CMC) is reached. The micelle inte-
rior provides site needed for polymerization. The oil phase a monomer which is insoluble  
in continuous phase is then added and stirred continuously to make an emulsion. The 
decomposition of an initiator forms radicals which emigrate in to micelle to react with 
monomer molecule which initiates polymerization process. Also to develop polymer chain 
between two monomer units, the radicals of monomer extends in the presence of another 
monomer. The process continues until full length (sum of monomer one and monomer 
two) of polymer chain is achieved [40].

Surfactant Molecule

Initiator Molecule

Micelle Formation

Polymerization

Monomer
Droplet

Figure 14.4 Scheme of emulsion polymerization.
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Fuying et al., developed mucoadhesive NPs using Chitosan, poly(acrylic acid) and differ-
ent grades of Carbopol (934PNF, 974PNF, 934PNF) as a mucoadhesive polymers by polym-
erizing methyl methacrylate using emulsion polymerization method. The NPs were suitable 
hydrophilic carriers for protein or peptide drugs [41]. Tapas et al., prepared polyacrylic acid 
bioadhesive NPS by using reverse microemulsion polymerization method. By this method 
monodispersible, bioadhesive NPs were achieved for mucosal drug delivery [42]. Peptides 
and protein drugs can degrade before reaching the blood stream and thus they are not able 
to cross mucosal barrier this problem can be overcome by mucoadhesive drug delivery 
systems. Towards this effort, researcher prepared a polysaccharide chitosan (mucoadhesive 
polymer) coated methyl methacrylate NPs for proteins and peptides which were found to 
be improve mucoadhesion by interacting with mucus glycoproteins [43].

14.10 Evaluation of Mucoadhesive Systems

Adhesion strength measurement is the main evaluation parameter for mucoadhesive deliv-
ery systems. Different in vitro and in vivo tests employed to measure the strength of adhe-
sion of mucoadhesive polymers is enlisted in Figure 14.5. 

14.10.1 In Vitro and Ex Vivo Tests

In vitro and ex vivo studies significantly contribute in successful development of bioadhe-
sive systems with controlled release pattern as they demonstrate permeation, drug release, 
stability, compatibility and interactions among developed system & mucous membrane 
along with bioadhesive bond strength. Studies can facilitate simulation for different routes 
of drug administration like oral, nasal, buccal, gastrointestinal, vaginal, etc. Some of the  
in vitro as well as ex vivo tests which are highly accepted are discussed as below.

EVALUATION OF MUCOADHESIVE 
POLYMERS

IN VIVO TEST

USE OF RADIOISOTOPES

USE OF GAMMA SCINTIGRAPHY

X-RAY STUDIES

ISOLATED LOOP TECHNIQUE

IN VITRO/EX VIVO TESTS

TENSILE STRENGTH

ADHESION STRENGTH 
MEASUREMENT TESTS

DETACHMENT FORCE 
MEASUREMENT

FALLING LIQUID METHOD TEST

COLLOIDAL GOLD STAINING 
METHOD

Figure 14.5 Methods used for the evaluation of different properties of mucoadhesive systems.
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14.10.2 Measurement of Tensile Strength

Texture analyzer, an analytical instrument that measures the tensile strength by measuring 
the total force needed to remove the test sample (formulation) from the membrane model. 
The test is performed by immersing filter paper in the mucin dispersion (8%). Then, the 
filter paper coated with mucin is brought in touch with hydrated samples of polymers in 
physiological solutions for a specified time period. Thereafter, the maximum force which is 
required to separate the filter paper from the polymer surface after mucoadhesive-bonding 
is determined [44].

14.10.3 Measurement of Detachment Force

The force of mucoadhesion is measured as shear strength. In this method, the force needed 
to separate two glass slides placed parallel to each other, coated with mucus film and poly-
mer respectively is measured. With the help of microforce balance, the glass plate is dipped 
in a sample of mucus under controlled and specified temperature conditions. Then the force 
applied to pull out the plate from sample is also measured under specified conditions [45, 46].

14.10.4 Falling Liquid Film Method

It is an in-situ quantitative method. In this method quantity of particles detained on the 
mucosal tissue is measured. Briefly, a nanosuspension or microsuspension is allowed to 
flow down along plastic slide in an inclined position of 45° relative to horizontal plane. The 
same is depicted in Figure 14.6. The quantity of adhered particles is calculated by noting 
the difference in weight of applied and flowed particles. Here the ratio of adhered micro or 
nano particles was calculated as percent mucoadhesion [47]. Coulter current method is also 
used for quantification [48].

14.10.5 Colloidal Gold Staining Method

In this method conjugate of mucin–gold interacts with hydrogel surface which results in a 
red coloration. The method came in to existence to compare mucoadhesive properties of 
different hydrogels quantitatively by measurement of color intensity developed. The opti-
mum environment for mucin gold staining was fixed by examining pH-dependent stability 
of gold conjugates and mucin. 

Plastic slide

Water jacket

Mucous membrane

Figure 14.6 Falling liquid film method to measure mucoadhesion.
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Many other in vitro tests are used to determine the mucoadhesion strength. The effect 
of different polymers and mucin can be determined by using fluorescent probes. In this 
method lipid-bilayer of cultured human conjunctiva is labeled with pyrene (fluorescent 
probe). The change in intensity of fluorescence is proportional with polymer binding [49].

14.10.6 Biacore System

This instrument is based on Surface Plasmon Resonance (SPR), a principle of optical 
phenomenon. The variation in refractive index with respect to solute concentration of a 
solution (which contacts sensor chip) SPR response is measured. If a known molecule is 
adhered to sensor chip surface or if analyte binds with the known molecule, the content of 
solute above the surface of sensor chip raises, resulting in SPR response [50]. While mea-
suring the mucoadhesiveness of various polymers with BIACORE, each and every polymer 
is immobilized on sensor chip (CM5) surface and the mucin suspension was allowed to 
pass through sensor chip. If the particles of mucin bind to ligand molecules of polymer on 
the surface of sensor chip, the refractive index (RI) and solute concentration on the surface 
changes, which enhances the resonance unit (RU) response and when they dissociate, it 
leads to fall in the RU response [51].

14.10.7 Confocal Laser Scanning Microscopic (CLSM) Method

The CLSM technique utilizes optical images with high-resolution and depth selectivity. 
CLSM design is a combination of two methods i.e., laser scanning and 3-D detection of 
fluorescent marker labeled biological objects. To measure the mucoadhesive strength of 
nanoparticles, fluorescent marker 1,1´-dioctadecyl-3,3,3´,3´-tetramethylindo carbocy-
anine perchlorate is utilized. CLSM observation is considered to be the promising method 
in characterization of mucoadhesive properties of nanoparticulate drug carrier systems for 
oral drug administration [52].

14.10.8 In Vivo Methods

14.10.8.1 Gamma Scintigraphy

It is an excellent method to understand the clear pattern of in vivo distribution of different 
dosage forms. The method is mainly based on utilization of radioactive tracers incorpo-
rated into the drug, selected so that it permit gamma ray camera for its optimum detection. 
The selection of convenient label allows an in vivo identification of target site of formula-
tions administered through various routes [53]. For the identification of formulation activi-
ties between the regions of interest (ROIs) scintigrams are used. ROIs which relate to target  
site of mucoadhesion are drawn on images of gamma at each point of time and ROIs relat-
ing counts are determined with the help of xeleris software [54].

14.10.8.2 X-Ray (GI Transit Time) Studies

The GI transit time is determined by using barium sulphate as a radio opaque marker, 
which is coated on bioadhesive dosage forms to determine the GI transit time through 
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X-ray examination. The study conducted on mucoadhesive sustained release theophylline 
tablets, in which the barium sulphate-loaded tablets were taken to assess in vivo muco-
adhesion. Rabbits (two) weighing 2.5 kg were chosen. Barium sulphate-loaded tablet was 
administered orally and X-ray photographs were taken at various time intervals [55].

14.10.8.3 Isolated Loop Technique

To determine the GI transit time of microspheres, isolated ileal loop model in rats can be 
used. Bioadhesive property can be determined by measuring the average residence time of 
microparticles after injecting into the in situ perfused gut segment [56].

14.11 Evaluation Tests of Mucoadhesive Nanoparticulate Systems

Various methods have been introduced for evaluation of mucoadhesive properties of poly-
mers tablets, however, a special method may be required for the evaluation of mucoadhe-
sive properties of nanoparticle systems which are discussed below.

14.11.1 Adhesion Test

The particulate systems are prepared by coating glass beads of size range 0.45–0.5mm or 
acetyl salicylic acid crystals with more than 630 µm size with polymers (hydrophilic) such 
as Sodium carboxymethyl cellulose, Polycarbophil, Methyl cellulose, Hydroxypropylmethyl 
cellulose, etc. In vitro adhesion test is done by placing coated particles on stomach or rat 
jejunum in humid environment. The index of bioadhesion is the measurement of the per-
centage of particles retained on the tissues. In situ perfused ileal loop in rat can be used to 
demonstrate the mucoadhesiveness of multiple unit bioadhesive dosage forms [5]. Ensign 
et al. evaluated polymer-coated microspheres perfused with isotonic saline. Mean retention 
time was calculated by counting the number of particles collected with the help of residence 
curves of particles. The polymer coated particles possess greater mucoadhesive properties. 
For intestinal absorption study the authors also suggested an in vitro model of testing using 
rat intestine for adhesion studies [57].

14.11.2 Atomic Force Microscopy

The bioadhesion studies of nanoscale systems can be performed by utilizing atomic force 
microscopy (AFM) which provides surface images of particles with high resolution. AFM 
can also measure forces due to single molecule interactions in pico to nano-newton range 
[58–60]. 

In this, the contact of the sample surface and probe produce force–distance curves rep-
resented by two segments, one is advancing curve corresponding to AFM piezo extension 
that reveals the mechanism of how the probe reaches the surface and another one is retract-
ing curve that depicts how the probe separates from the surface. A different snap-off point 
is seen in the retracting force curve, which represents the force necessary to detach tip from 
sample surface which is the measured adhesive force. An illustrative force-distance curve is 
depicted in Figure 14.7.
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14.11.3 Fluorophotometric Evaluation

Mucoadhesive property of surface modified polymeric nanoparticulate system can be mea-
sured by using isolated rat intestine sac [61]. Counting of submicron sized particles from 
nanosuspension is very difficult therefore, the total amount of nanoparticles adhered is 
measured with the help of fluorophotometer. For this nanoparticles needs to be labeled 
with fluorescence. In the test inverted rat intestinal sac is suspended in fluorescence labeled 
particles and gently stirred for 15–20 min. The quantity of nanoparticles adhered to the sac 
is measured fluorophotometrically after extraction with acetone. 

14.12 Applications

The phenomenon of bioadhesion has an excellent research insights and it generally focuses 
on designing new devices with smart polymer for many APIs where the drug can be deliv-
ered in targeted as well as controlled manner. Considering different properties of polymer 
and environmental conditions, an optimum bioadhesive polymer may be engineered to 
fulfill the expectations of drug delivery system.

Nanomedicine is the science of nanotechnology for diagnosis and treatment of various 
diseases by utilizing nano-scale materials like biocompatible polymeric NPs for various 
purposes [62], delivery [63], diagnosis [64], sensory [65] and for actuation in living organ-
isms [66]. The drugs with low aqueous solubility relate to biopharmaceutical issues which 
relate to low bioavailability on oral administration, low diffusion through membrane, need 
of more amount for IV administration, adverse effects preceding vaccination process.

In contrast, all above mentioned limitations can be conquered by utilizing nanotech-
nology concepts in the mechanism of drug delivery. Nanotechnology and mucoadhesive 
concepts are brought together to develop dosage forms for low soluble drugs, chemother-
apeutic and immunotherapeutic agents, peptides etc. to treat various diseases at target site 
like oral, GI tract, ocular, nasal, rectal and vaginal [67]. Extensive research has been carried 
in areas of bioadhesive nanoparticulate carrier systems for drug delivery of which a few 
literature reviews are enlisted.

The pharmacokinetics of many drugs administration orally has been improved via of NPs. 
Vincamine bioavailability was about 25% in rabbits after administering in aqueous solution 
form, while it was increased up to 40% when drug adsorbed on poly (hexyl cyanoacrylate) 
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Figure 14.7 Atomic force microscopy force–distance curve.
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nanoparticles was administered. This is attributed to adhesion of nanoparticles to mucosa 
for longer period of time [68]. 

Costa et al. reported studies performed on chitosan (CS) coated alginate (Alg) NPs for 
permeation enhancement of daptomycin in ocular epithelium to provide an efficient anti-
bacterial action. Epithelial (ocular) cell culture model was used for in vitro permeability test 
which results in potential increment in antimicrobial effect of nanoencapsulated drug. In 
ocular permeability study it was found that drug encapsulated with CS/Alg NPs was able 
to cross ARPE-19 and HCE cells. The study concludes that, the developed system leads to 
enhanced drug residence time in ocular epithelium [69].

Extensive research has been reported on chitosan-based nanomaterials for targeted 
and controlled delivery systems of drugs for different types of epithelia, including buccal 
[70], intestinal [71], nasal [72], eye [73] and pulmonary [74]. In one of the study, efficacy 
of isotonic solution (0.75% w/w) of HPMC containing CS/hyaluronic acid/sodium tri- 
polyphosphate was evaluated as well as NPs for ocular delivery of ceftazidime. The nanopar-
ticles exhibited enhanced contact time of drug with ocular mucosa due to mucoadhesion 
leading to prolonged release of drug. The nanoparticles were nontoxic to HEK 239T & 
ARPE-19 tested cell lines. The NPs also preserved the antibacterial activity, thus making 
the formulation promising for the administration of ocular drugs with improved muco-
adhesive properties [75]. Patil and Devarajan prepared Alg-NPs containing insulin using 
nicotinamide as permeation agent to reduce the glucose level in serum and increase the 
serum insulin level in diabetic rats. NPs administration in presence of nicotinamide sublin-
gually (5 IU/kg) showed greater bioavailability. Thus the developed NPs were proved to be 
promising insulin carriers for sublingual route [76].

14.13 Conclusion

The existence of nano-based drug delivery systems approved by FDA (since 1990) and their 
clinical trials has attained steadily growing potential in recent years. The large-scale pharma-
ceutical research on bioadhesive nanoparticles has moved from evolution of newer chem-
ical molecules to the development of advanced drug delivery systems for existing entities 
for enhancement with respect to therapeutic effect, patient safety and patient compliance. 
The prospective of bioadhesive nanoparticles in therapeutics have modernized the ability to 
diagnose disease and combine with treatment of disease. However, regulatory mechanisms 
for safety and toxicity assessments are the needs of further development in the future.
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Abstract
Stimuli-responsive polymers are one, which exerts a sharp and reversible transition in physical/
chemical properties in response to tiny variations in environmental conditions. This type of polymer 
response is affected by different stimuli which were classified as internal stimulus (e.g. pH, redox 
potential, lysosomal enzymes and glucose) and external stimulus (e.g. light, magnetic field, tempera-
ture and ultrasound). The mono, dual or multi stimuli responsive polymers respond to a single, addi-
tion of two or more than two stimuli respectively. In this ambience, different “intelligent” polymeric 
nanoparticles which swell, dissolve and/or disintegrate as a response to external or internal stimulus 
have been actively developed to achieve enhanced release of drug at the target site. With the aim to 
further enhance release performances of intelligent nanoparticles, novel dual as well as multi-stimuli 
responsive nanoparticles which respond to a combination of two or more signals such as pH/redox, 
pH/temperature, pH/magnetic field,  temperature/pH/redox, temperature/pH/magnetic, pH/redox/
magnetic etc. have gathered much attention in the fields of drug delivery. In this chapter we highlight 
recent exciting developments in dual and multi-stimuli responsive polymers and their applications 
in nono-based delivery systems with a main focus on the release profile and therapeutic benefits in 
different disease conditions.

Keywords: Stimuli responsive polymers, dual responsive polymers, multi-responsive polymers, 
pH responsive, temperature responsive, light responsive, magnetically responsive, stimulus

List of Abbreviations

BCS Biopharmaceutical Classification System
DDS Drug Delivery Systems
GIT Gastrointestinal Tract
CST Critical Solution Temperature

*Corresponding author: archupharma@gmail.com

mailto:archupharma@gmail.com


238 Nanopharmaceutical Advanced Delivery Systems

UCST Upper Critical Solution Temperature
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PEGMA Poly Ethylene Glycol Methacrylate
MSN Mesoporous Silica Nanosphere
PLGA Poly(D,L-lactide-co-glycolide)
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11.1 Introduction

Smart or intelligent materials are those which possess the intrinsic ability to respond for the 
stimuli, thus these are also called as stimuli-responsive materials. These constitute one of 
the widely emerging and appealing classes of materials. Most leading category of intelligent 
materials is polymeric materials, because polymers are cheaply available and can be tailored 
easily than that of ceramics or metals [1]. The polymeric smart materials are those which 
exhibit a sharp and reversible variation (transitions) in their physical or chemical properties 
as a response to small changes in its environmental conditions [2]. The polymer is affected 
by various stimuli which are mainly classified in to two types.

Internal stimuli—In this any biological factor acts as stimuli to which polymer responds 
automatically. Ex.—Temperature, pH, redox potential, glucose concentration, antibody 
concentration, lysosomal enzymes, etc.

External stimuli—In this, polymers will not respond automatically to initiate their 
responsiveness. External application of stimuli is needed to change environment. Ex.—
Temperature, magnetic field, electric field, ultrasound, light, etc. [3].



Intelligent Systems for Nano-DDS 239

The response of polymer to stimuli is established in many ways: chain (individual) dimen-
sions, size, secondary structures, solubility, surface characteristics and also the level of 
intermolecular association. These unique potentialities have been extensively applied for 
controlled drug delivery [4–6], biological coating technologies [7, 8], diagnostics [9, 10], 
biosensors [11, 12], chromatographic separations [13, 14], tissue engineering [15, 16], etc.

Nanoparticles are particles within the size range of 1 to 100 nm and some define them 
up to 1 µm. These nano-structured carriers have tremendous potential to establish effec-
tive drug delivery systems which afford many advantages over conventional system of drug 
delivery by controlling drug release from nanoformulations, enhancing the bioavailability 
of BCS (Biopharmaceutical Classification System) class-II drugs, targeted delivery of drugs, 
prolonged circulation time of nanoparticles, reduced dose frequency and side effects of 
drugs [17]. Conventional drug carriers (delivery systems) physically encapsulate the drug 
molecules in the polymer matrix. The drug release mechanisms are either diffusion or deg-
radation of polymer network which cause quick peak plasma concentration of drug, then 
steady state level is maintained followed by linear drug release pattern. These systems are far 
away from ideal drug delivery systems because in these systems site of drug delivery as well 
as site specific drug delivery cannot be precisely controlled. Various polymers with specific 
properties can be used to control the drug release. Such controlled/sustained drug delivery 
systems (DDS) keep the drug concentration in the therapeutic range, for a longer period of 
time. Despite the fact that, these controlled and sustained drug delivery systems are supe-
rior over conventional delivery systems, they remain insensitive for the varying metabolic 
phases of the body and are unfit to modify drug release as well targeting the drug to specific 
site or tissues. Delivery systems effective in responding to the physiological changes needs 
to be set up to adjust the release profiles of drug with varying physiological changes [18]. An 
excellent delivery system for drug is the one, which must respond to the various physiolog-
ical needs, sense variations and modify the release pattern of drug respectively. As vehicles, 
ideal nanoparticles are pledged for possessing higher levels of drug loading and delivery of it 
to the particular therapeutic site or target cells (tissues) without any loss of drug on its path, 
while quickly release the drug at required (target) site of action.

At this point, various “smart or responsive” polymeric nanoparticles came in to existence. 
The response of these nanoparticles can be multifold: dissolve, collapse or swell, precipi-
tate or dissolve, polymer degradation, variation in hydration phase, hydrophilic or hydro-
phobic surfaces of systems, conformational changes etc. Recently, nanoparticulate systems 
responding to an internal or external stimulus have actively been developed to achieve 
enhanced delivery of drug at the accurate time (temporal control) and/or at the target site 
(spatial control). Such bioresponsive systems are capable of distinguishing between healthy 
and diseased tissues and have resulted in better and upgraded in vitro and in vivo release 
profiles of drug. With the aim to further enhance release profiles of intelligent nanoparticles, 
novel dual as well as multi-stimuli responsive nanocarriers have achieved much recognition 
in the areas of drug delivery. By tuning the formulations with smart polymers or polymers 
chemical moieties, the responsiveness to the particular stimuli can be controlled precisely. 
In this chapter we highlight current inspiring evolutions in dual as well as multi-stimuli 
responsive polymers and their utilization in nano-based delivery systems with a main focus 
on the release profile and therapeutic benefits in different disease conditions.
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11.2 Smart or Stimuli-Responsive Polymers for Drug Delivery

The stimuli-responsive polymers are classified in to three major categories.

11.2.1 Mono-Stimuli Responsive Polymers

Mono-stimuli responsive polymers are one which responds to only a single stimuli. Ex.—
temperature, pH, redox potential, magnetic field, electric field, etc.

11.2.2 Dual-Stimuli Responsive Polymers

These are those which respond to a blend of two triggers (stimuli). Ex.—pH and tempera-
ture, pH and redox potential, magnetic field and temperature, light and temperature, pH 
and magnetic field, dual pH, etc.

11.2.3 Multi-Responsive Polymers

These are those which respond to a combination of more than two triggers. Ex.—pH, tem-
perature and redox potential; pH, temperature and magnetic field; redox, pH and magnetic 
field; redox, temperature and guest molecules, etc.

In this chapter, extensively studied and important mono, dual as well as multi-responsive 
polymers and their relative applications in the field of drug delivery systems are discussed 
in brief.

11.2.4 pH Responsive Polymers and Delivery Systems

To evolve pH-responsive drug delivery systems, one should understand the changing phys-
iological conditions of the body. For instance, pH variations occur throughout the GI tract, 
however many precise pH changes can be observed in different body tissues and the same 
are enlisted in Table 11.1 [19, 20]. Since pH variations occur inside the body, this stimuli was 

Table 11.1 pH variations in several tissues and 
cellular regions.

Body tissue or cellular regions pH Range

GIT

Stomach 1.5–2.0

Small intestine 5.5–6.8

Colon 6.4–7.5

Blood 7.35–7.45

Extracellular tumor 6.0–7.0

Chronic wounds 5.4–7.4

Endosomes 5.0–6.5

Lysosomes 4.5–5.0
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exploited to provide a response to some tissues or cellular compartments. Further, pH can 
be changed locally with particular substrates and this concept can be utilized for altering 
release pattern of drug.

Another important application of pH responsive polymers is modeling carrier for the 
delivery of insulin to treat diabetic patients. Compared to other drugs, delivery of insulin to 
patients differs, as insulin needs to be delivered with exact dose at the right time when it is 
required for the body. Various types of devices were explored to meet this purpose. All these 
devices were fitted with a glucose sensor system in it. Glucose oxidase catalyses glucose 
into gluconic acid in blood stream (glucose rich environment) after food, which reduces pH 
approximately to 5.8. The enzyme glucose oxidase is extensively utilized for glucose sensing 
and thus it is possible to apply various types of pH responsive polymeric systems for mod-
ulating insulin delivery.

Polymers with pH responsive nature are generally polyelectrolytes bearing pendant weak 
basic or acidic groups which either release or accept protons as a respond to its surrounding 
pH changes. This is a result of ionization of these groups. If the polymer structure is linked 
with ionizable groups, the pH variations lead to conformational changes in the soluble poly-
mers that ultimately change the swelling property of polymer hydrogels. The swelling and 
deswelling behavior of pH-sensitive hydrogels is attributed to the ionization degree (pro-
tonation or deprotonation) of polymer groups. Upon exposing polymer hydrogels to solu-
tions (aqueous) with sufficient pH & ionic strength, acid or basic groups undergo ionization 
and establish uniform changes on the network of polymer, leading to electrostatic repulsive 
forces which are mainly responsible for the swelling or deswelling (pH-dependent) of the 
polymer hydrogels, that ultimately modulate the release of drug from hydrogel [21].

Polyacidic pH-responsive polymers don’t swell at low pH values, as their acidic groups 
will protonate and unionize. But by increasing pH value the negatively charged polymer 
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Figure 11.1 The pH-responsive swelling behavior of anionic and cationic hydrogels.
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undergo swelling. The visa-versa swelling behavior is observed in polybasic pH responsive 
polymers, since here basic groups undergo ionization at low pH values. The same is repre-
sented in Figure 11.1 and in Table 11.2 different types of pH responsive polymers, their 
nanoformulations, loaded drug and target site are enlisted.

Table 11.2 Types of pH responsive polymers and their applications in drug delivery.

Polymer type
Example of polymeric 
systems Drug

Target site or 
controlled release Reference

I. Polymers bearing 
anionic groups

Salecan-g-PAA hydrogel Doxorubicin Controlled release 22

1. Poly(acrylic acid) 
(PAA)

(PAA-co-vinylamine) 
hydrogel

Doxorubicin Controlled release 23

(PAA-b-PCL)-poly (acrylic 
acid)-b-polycaprolactone

Gambogenic 
acid

Controlled release 24

Carboxymethyl Chitosan-
Grafted-Poly (Acrylic 
Acid)

5-Fluorouracil Colon targeted 25

2. Poly(methacrylic) 
acid (PMAA)

PMAA (polymethacrylic 
acid) template and 
N-vinyl pyrrolidone 
(N-VP) monomer

Rifampicin and 
Doxorubicin

Controlled release 26

polymethacrylic acid–
chitosan–polyethylene 
glycol (PCP) 
nanoparticles

Insulin and 
bovine serum

albumin

Oral peptide 
delivery

27

methacrylic acid and 
2-ethyl hexyl acrylate(co-
polymer) nanogel

5-Fluorouracil Colon targeting 28

3. Polysulfonamides poly(L-cystine bisamide-g- 
sulfadiazine)-b-PEG 
(PCBS-b-PEG)

Doxorubicin Tumor targeting 29

II. Polymers bearing cationic groups

1. Poly(N,N- 
dimethylaminoethyl 
methacrylate)

(3-Aminopropyl)
triethoxysilane (APTES), 
alpha-bromoisobutyryl 
bromide (BiBB), 
and poly (N,N- 
dimethylaminoethyl 
methacrylate)

Dipenhydramine Controlled release. 30

(Continued)
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Table 11.2 Types of pH responsive polymers and their applications in drug delivery. (Continued)

Polymer type Example of polymeric systems Drug
Target site or 
controlled release Reference

(PDMAEMA) (PDMAEMA) chain.
(halloysite nanotube)

2. Poly(2- 
diethylaminoethyl 
methacrylate) 
(PDEAEMA)

poly(ε-caprolactone)-b-
poly(2-(diethylamino)
ethyl methacrylate)-b- 
poly(poly(ethylene 
glycol) methyl 
ether methacrylate) 
(4/6AS-PCL-b- 
PDEAEMA-b-PPEGMA) 
micelles

Doxorubicin Controlled drug 
delivery

31

3. Poly(2-
vinylpyridine) 
(PVP)

poly(2-vinylpyridine) Folic acid Intracellular 
targeting

32

4. Poly(vinylamine) 
(PVAm)

Poly(L-glutamic acid) 
dendrimers with a 
polyhedral oligomeric 
silsesquioxane (POSS) 
nanocubic core.

Doxorubicin Tumor targeting 33

III. Natural polymers

1. Chitosan chitosan-coated 
mesoporous silica 
nanospheres.

Ibuprofen Controlled release 34

Chitosan microparticles dexamethasone Tamoxifen 35

2. Albumin Albumin nanoparticles Doxorubicin and 
Curcumin

Cytosol 36

3. Gelatin gelatin-based nanospheres Diclofenac 
sodium

Controlled release 37

Gelatin based pH‐sensitive 
hydrogels

Ketoprofen Colon-specific 38

(Continued)
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11.2.5 Temperature Responsive Polymers in Drug Delivery

Temperature responsive hydrogels are most extensively studied category of stimuli respon-
sive polymeric systems for delivery of drug. These hydrogels are very useful biomaterials 
which show sol to gel transformation upon increasing the temperature. The physiologic 
and ambient temperatures are considered to be an optimum and critical temperature range 
for hydrogel systems. Initially hydrogels will be in sol form and as soon they are exposed 
to temperature they get transformed in to gel form. This sol-to-gel transformation process 
is called as curing. This process includes the covalent cross links formation among poly-
mer chains to create macromolecular network [42]. The development of thermo responsive 
device into clinically efficient systems, lack in modifying the device (implanted) tempera-
ture. However, the changes in temperature must be quick to control structural modifications 
in the polymeric systems. To eschew damage to surrounded normal tissue the tempera-
ture changes should be restricted to the carrier. Certain methods for temperature chang-
ing includes heating pads, exothermic chemical reactions and non-targeted light are being 
investigated [43].

Temperature responsive polymers are mainly categorized in to two types based on the 
systems exhibiting critical solution temperature (CST) at which there is a change in polymer 
and solution phase with respect to their composition. The systems which exerts single phase 
above specific temperature and separation of phase (two-phase) below it will exhibit UCST 
(upper critical solution temperature). While, the system of polymer solution which exhibit 
two phase above particular temperature and emerge as single phase below it will possess 
LCST(lower critical solution temperature) as shown in Figure 11.2 [1].

To develop drug delivery systems mainly polymers exhibiting LCST (approximately 
20–40 °C) are generally used thus, will focus on polymers with LCST. Generally, polymers 
solubilizes with increasing temperature but in case of thermo-sensitive polymers exhibit-
ing LCST, the polymer begin to insoluble at higher temperature and thus hydrogels of such 
polymers shrinks with respect to temperature rise above LCST. This swelling behavior is 
called as inverse temperature dependency which occurs because of dominating hydrophobic 

Table 11.2 Types of pH responsive polymers and their applications in drug delivery. (Continued)

Polymer type Example of polymeric systems Drug
Target site or 
controlled release Reference

Marketed pH 
responsive polymers

Eudragit® L100-55 Composed 
poly(methacrylic acid) 
and polyethylacrylate

Paclitaxel Duodenal drug 
release

39

Eudragit® S100 Composed 
poly(methacrylic acid) 
and polyethylacrylate

Insulin Jejunum and Ileal 
release

40

Cervidil® Composed of 
polyoxyethylene and 
urethane

Dinoprostone Veginal delivery 41
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interactions. Polymer chains of these hydrogels are consisted of either hydrophobic groups 
or hydrophilic and hydrophobic segments. Hydrogen bonding among hydrophilic segments 
of polymer and water results an increased dissolution below LCST and as temperature rises 
above LCST, the hydrophobic segments will strengthen leading to shrinkage of hydrogels 
due to association of inter polymer chains [44, 45]. Raise in temperature is associated with 
several disease conditions, especially in cancerous tissues where the temperature will be 1 to 
1.5 °C more than normal temperature of human body and at wound sites (chronic and surgi-
cal wounds) temperature will also be always more than normal body temperature depending 
upon the severity of infection [46]. Temperature responsive polymeric carriers have been 
hired to perform drug release in environments having temperature higher than physiological 
temperature. Temperature changes that trigger drug delivery are either because of enhanced 
body temperature in disease conditions or triggering drug release by external application 
of heat. Temperature responsive polymers may be used alone or in combination with other 
polymers (monomers) to achieve controlled or site specific drug delivery.

Poly (N-isopropylacrylamide) (PNIPAM) is the most hugely utilized thermo-responsive 
polymer with LCST of 32 °C which can be adjusted by co-polymerization of PNIPAM either 
with hydrophobic monomer to decrease LCST or with hydrophilic monomer to increase 
the LCST. Nevertheless it should be known that LCST modulation thermo-responsive poly-
mers also depends on the solvent quality and salt concentration, architecture and molec-
ular weight of polymer as well as size and chain length of side groups [47–50]. For instance, 
PEGMA (PEG-methacrylate) polymers possessing PEG side chain (consisting of 2 to10 
ethylene-oxide units) and its LCST differs with length of ethylene oxide side chain [51]. 
Obviously, optimization of temperature responsiveness (LCST) is must for intended appli-
cation. Among all stimuli-responsive systems, temperature responsive DDS’s afford greatest 
potential over other stimuli-responsive systems due to versatile design, ability of targeting 
passively, phase transition tenability and in-situ phase transition. Some of the temperature 
responsive polymeric carriers and their applications in DDS are enlisted in Table 11 .3.

11.2.6 Light Responsive Drug Delivery Systems

Light is an external stimuli which is cheap and can be applied and altered instantaneously. 
Light (visible or ultraviolet) responsive carriers for drug delivery have been built by 

T T
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LCST
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Figure 11.2 Representation of LCST and UCST concepts of temperature responsive polymers.
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Table 11.3 List of temperature responsive polymeric nano-formulations.

Temperature responsive 
polymeric nano-formulation Drug release mechanism References

(PNIPAAm-co-oleic acid)-g-
chitosan nanoparticles

Thermo-responsive release of erlotinib at 
LCST of about 36 °C.

52

folate-conjugated PNIPAm-N,N-
dimethylacrylamide micells

Thermo-responsive release of paclitaxel at 
tumor site

53

(PNIPAAm-co-N,N 
dimethylacrylamide)-b-
poly(D,L-lactide-co-glycolide) 
micelles

Thermo-responsive and controlled release 
of paclitaxel at 39.5 °C temperature 
than at 37 °C in breast carcinoma cells

54

(PNIPAAm-co-((2- 
dimethylamino) ethyl 
methacrylate))-based 
nanoparticles

camptothecin release rate at 42 °C was 
higher as compared to release rate at 
37 °C.

55

poly(N,N-diethylacrylamide)- 
N-vinyl-2-pyrrolidone 
hydrogels

Thermo-responsive deswelling at 
pH 1.4 and pH 6.8 leads to release 
of Aminophylline and increased 
crosslinker amount provides lag time 
prior to drug release which results in 
specific and delayed drug release in the 
intestine.

56

Folate-Conjugated Poly(N 
vinylcaprolactam)-block-
Poly(ethylene glycol) micelles

5-Flurouracil release was slow at 25 °C 
and at 37 °C the release was in 
controlled manner.

57

(PNIPAAm-co-((2- 
dimethylamino)ethylmethacry-
late)) nanoparticles

camptothecin (SN-38) release rate at 
above LCST (42 °C) was greater than 
that at below LCST (37 °C). Thus by 
applying heat the drug release could be 
controlled

58

chitosan-g-poly (N- 
vinylcaprolactam) nanoparticles

The in vitro drug release was higher at 
above LCST as compared to release at 
below LCST

59

Pluronic F127-Chitosan 
nanocapsules

Tiny molecule release can be achieved 
with cryotherapy (heating and cooling 
between 37 °C & at hypothermic 
temperature)

60

poly(methyl vinyl ether-co-maleic 
anhydride)—Pluronic® F127

Thermo-responsive controlled release of 
bovine serum albumin and Leishmania

61
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polymers composed of photoreceptor (photochromic chromophore), functional group and 
light sensitizers like triphenylmethane, stilbene and azobenzene [62–64]. These systems 
when triggered by light results in macroscopic changes within the system leading to con-
trolled drug release with respect to exact quantity, exact time and at exact site. Polymers with 
light responsiveness are widely applicable in the development of ophthalmic DDSs, optical 
switches and display units because of rapid sol-gel delivery system. The release of payload 
from light responsive systems occurs only when it is irradiated by light source externally. 
One of the main drawbacks of such system is if patients are exposed to sunlight, the sys-
tem activates and starts releasing drug. To avoid early release of drug patient has to stay in 
dark for some period of time which is known as “dark toxicity” which is also a disadvan-
tage of photodynamic therapy. Examples for photosensitive polymers are leucoderivative 
molecule Bis(4dimethylamino) phenylmethyl leucocyanide and Triphenylmethane which 
possess UV light responsiveness. These polymers swell in response to light and release the 
drug. Upon removing the light they again undergo shrinkage and stop drug release from 
the system.

Juan et al. developed photoresponsive-Au-nanoparticles capped-mesoporous silica 
nanosphere (PR-AuNPs-MSN) for paclitaxel. Here the MSNs were capped efficiently with 
PR-AuNPs and there was zero premature drug release. To regulate the release of drug low 
power (10 min at 0.49 mW/cm2) light irradiation in biocompatible conditions was demon-
strated in this study. Thus it was concluded that it is an efficient carrier material for intracel-
lular delivery of toxic agents [65]. Cabane and co-workers developed an amphiphilic poly 
(methyl caprolactone)-O-nitrobenzyl-poly(acrylic acid) copolymeric polymersomes. Here 
O-nitrobenzyl is light sensitive linker attached between two polymers which acts as an ini-
tiator to grow polymer segments. Also the synthesized polymerosomes (self- assembled) get 
activated upon irradiation by UV rays, alter the morphology as well as size, yield tiny micel-
lar like structures and ultimately release the payload. The system versatility was checked 
with low molecular weight substances like ATTO655 dye and fluorescein and also with 
fluorescent protein. By altering the intensity of UV light, the controlled payload release was 
achieved thus the system has a suitable applicability for different types of molecules and 
DNA [66]. Yao et al. developed hybrid lipid-polymers combined of PLGA (poly(D,L- lactide-
co-glycolide)) core used to load anti-cancer drug doxorubicin, soybean lecithin monolayer 
between core & cell and anti-biofouling polymeric shell (photoresponsive). This shell main-
tains the stability of nanoparticles. Upon irradiation by light polymeric shell detaches from 
nanoparticles and thus nanoparticles stability decreases which triggers release of doxorubi-
cin from nanoparticles. Release studies demonstrated excellent light responsive controlled 
drug release up to 76% in the presence of light and only 10% drug release in the absence of 
light irradiation. Further, CCK8 assay confirms efficient killing of cancer cells upon light 
irradiation [67]. Sreejivungsa et al. investigated monolayer-gold nanoparticles (AuNPs) pre-
senting light sensitive ligands, as potential carrier for drug where drug release was initiated 
by using UV light. Upon irradiation with UV light cleavage of dinitrobenzyl linker takes 
place, thus the hydrophobic molecules (Goniothalamus elegans) entrapped in monolayer 
compartments release. In vitro release studies demonstrated excellent light responsive con-
trolled drug release up to 83% in the light and only 19% release in the absence of light irra-
diation. This concluded an alternative way to encapsulate drugs noncovalently followed by 
their controlled release by UV irradiation [68].
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11.2.7 Magnetically Responsive Polymeric Drug Delivery Systems

Magnetic based nano-carrier delivery is most potential technique to deliver drugs to a local 
target site. While designing such systems due consideration should be given to some factors 
like magnetic properties of nano-carriers, field geometry, binding capacity of drug, mag-
netic field (MF) along with some physiologic parameters like blood flow rate, local vascular 
supply and body weight [69]. Targeting by magnetic field involves attraction of magnetic 
nano and micro-particles towards the source of external magnetic field. Due to gradient of 
magnetic field, translation force exhibited on the drug-complex which traps and pulls the 
complex in magnetic field at target site [70, 71]. There are three important advantages of 
magnetic drug delivery system (MDDS): It views the delivery vehicle, [72] drug release 
and tissue ablation can be modulated by thermal heating [73], it guides the carrier move-
ment via magnetic field. Different magnetic drug carriers such as maghemite, carbonyl iron, 
magnetite and cobalt ferrite are non-toxic, biocompatible and non-immunogenic [74]. 
Radiological and chemotherapeutic drugs can be delivered at target site (tumor) without 
any adverse or toxic effects on body and surrounding normal tissues. In this system elastic 
polymers (usually ethylene vinyl acetate polymer) are incorporated with magnetic beads. 
Application of MF (oscillating) leads to polymer swelling that modulates release of drug by 
polymer matrix. The MDDS is administered (blood stream) to patients and it is stopped at 
target site with the help of magnetic field. The drug is then released slowly from the carrier 
under MF. Another application of MDDS is slowing down the delivery of oral drugs in GI 
tract. This is done by filling capsules and tablets with magnetic substances. The bioactives 
like insulin & many macromolecules can be released continuously by incorporating them in 
magnetic carrier (ethylene vinyl acetate copolymer—EVAc). One more system consisted of 
EVAc–protein matrix having magnetic beads results in higher amount of drug release when 
exposed to oscillating-MF [75, 76]. The MDDS were mainly categorized in to two main cat-
egories: varying field systems and constant field systems.

11.2.7.1 Static (Constant) Field Systems

System of static magnetic field is one where the magnetic field stays constant during the 
period considered. Based on source of MF obtained, static field systems can again be catego-
rized into permanent and electromagnet systems. Single constant magnet (SCM) is gener-
ally used in clinical trials on animals, in which magnet is placed near lesion site. Attractive 
forces generated by magnet captures drug carrier in to magnet region to release the payload. 
Targeting activity of these systems is dependent on size and shape of magnet and compared 
to electromagnets, single magnet possess diverse shapes. Depalo et al. studied and com-
pared the nanoparticles uptake by cells in ring shaped as well as square shaped magnets kept 
inside the cell culture by using similar magnetic induction. The results demonstrated that 
ring shaped magnet was significantly effective than square shaped one. One other researcher 
mentioned cylindrical shaped magnet effective than rectangular shaped magnet [77, 78].

Though single constant magnet is easy to apply, in drug targeting process properly 
designed MF distribution with enhanced MF and more precise field distribution is highly 
suitable for drug targeting. SCM may reach up to 1.5 T and to increase field intensity more 



Intelligent Systems for Nano-DDS 249

number of constant magnets needs to be used. Among all designs Halbach array consid-
ered to be the best one. In this design MF is “squeezed” in one direction thus, there develops 
MF gradient between each side of array. By Halbach array MF can be reached up to 4–5T 
[79–81].

In another study a disc shaped (annular) assembly of constant magnets comprising of 
eight sphenoid block constant magnets with similar size, shape and the magnetization 
directions for contiguous two constant magnets were 135 °, which reproduced capturing 
process and ended with results showing larger particles are easy to capture [82]. Riegler et al., 
compared the four types of magnets and different magnetization processes in drug target-
ing. The results concluded that efficient magnet design was annular Halbach array with 
twelve constant magnets. The magnetization of four constant magnets was done along axial 
position (direction) of the assembly and inducted at the edges of assembly. Numerical sim-
ulations estimate (predict) that posterior tibial artery cells can be targeted by this magnet 
structure with targeting efficiency up to 6.25% [83].

11.2.7.2 Varying Magnet Field Systems (VMFS)

In this system magnetic field varies along with time and based on MF source, these systems 
are again classified in to two categories: which are moving constant magnet system & vary-
ing field electromagnet system. To produce changing MF from constant magnet, the mag-
net must be moved constantly along the sample & movement (motion) may be rotational, 
translational or combination of both the movements. Another researcher utilized constant 
magnet which has rotational and translational movements simultaneously to direct mag-
netic particles movement linearly. The device developed was utilized to check the motion 
of magnetic particles [84]. Varying MF can be perceived by mechanical motion and current 
control. Practically, the mechanical motion of greater electromagnets is not convenient. This 
mechanical motion is replaced with the motion, thus the magnet exhibit relative motion 
[85–87]. But in many cases to attain field variation (supplemented by mechanical motion) 
it’s preferred to change electric current. On the basis of superconducting coils, the systems 
of magnet chiefly utilize MRI facilities, which are generally constructed by superconducting 
coil, magnets (permanent) and/or many other supplementary devices to achieve delivery of 
drug. The other magnet systems used for targeting drug are based on Helmholtz/Maxwell 
coils and conventional coils.

11.2.8 Other Stimuli Responsive Polymeric Nanoparticles

There are many other stimuli-responsive delivery systems which were studied by research-
ers like ultrasonically responsive, electrical field responsive, protein responsive, enzyme 
responsive, redox potential responsive, etc. Internal stimuli responsive DDS have acquired 
much attraction than that of external stimuli because of their suitability in therapeutic 
application, cost consideration and scale up of product. An overview of these stimuli respon-
sive DDS are explained (using one or two examples) in Table 11.4 with formulation type 
and their mechanisms of drug release.
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Table 11.4 The different stimuli-responsive polymeric systems and their drug release mechanisms.

Stimulus Formulation types Mechanism of drug release Reference

Enzyme Nano-capsules, Hydrogels 
coupled with 
biocatalyst (glucose 
catalase) or enzymes 
(glucose oxidase)

Environmental changes (conversion 
of glucose to glucoronic 
acid in blood stream) results 
conformational changes in 
polymer that affects the enzyme 
activity as well as substrate 
access the pH decrease leading to 
insulin release.

20

Lipophilic prodrug 
Retinoid attached 
liposomes

Drug release was triggered 
by secreting the enzyme 
phospholipase A2 (sPLA2) IIA as 
the lipid backbone of prodrug is 
degradable by these enzymes.

88

Inflammation Hydrogels loaded with 
specific enzyme 
cleavage peptide 
generally human 
neutrophil elastase 
(HNE).

HNE (serine protease) is secreted by 
neutrophils at the inflammation 
site. HNE-sensitive peptides 
release from hydrogels occurs in 
the presence of HNE

18

Ultrasound Doxorubicin loaded 
polymeric micelles

Upon applying low frequency 
ultrasound at tumor site trigger 
drug release by increasing the 
local temperature or causing 
cavitation. This also increases 
permeability through cell 
membranes.

89

Fluoride anion 
modified nanogel of 
gelatin loaded with 
Adriamycin

Ultrasound frequency of 20 kHz 
triggers efficient drug release 
from the system

90

Electrical 
field

Nanoscale thin film 
incorporated with 
+vely charged 
gentamycin and −vely 
charged Prussian blue 
nanoparticles

Drug release is triggered and 
controlled by applying various 
anodic electric potential profile 
(at least +0.5)

91

Polyelectrolyte polymeric 
hydrogels

Ionizable polymer groups make it 
pH & electrical field responsive. 
Hydrogel shrinks under the 
influence of electrical field 
leading to drug release.

20

(Continued)
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11.3 Dual and Multi-Stimuli Responsive Drug Delivery Systems

Significant benefits have been attained from mono-stimuli responsive polymeric nano-
carriers in both in vitro and in vivo performances. Despite the accomplishment of many 
advancements, the area of mono-stimuli responsive biomaterials still possess many draw 
backs which are as follows;

• They focus only on single stimulus but many disease conditions may explore 
two or more than two triggers for biomedical application of the systems. For 
ex-tumor tissues/cells provide varying intra and extracellular pH gradient 
compared to normal tissues, temperature differences between normal and 
cancerous tissues.

• Behavioral change in macromolecule (proteins and nucleic acids) many times 
is a result of its response not to a one of the factor, but to a mixture of envi-
ronmental changes, thus mono-responsive system may not work efficiently 
for them.

• External application of stimulus like temperature, light or magnetic field may 
not reach the deep organs or tissues to be targeted.

• Internal stimuli responsive systems may need greater difference between 
normal and disease conditions to deliver significant amount of drug at target 
site. Ex.—pH responsive systems require large pH gradient to dissolve under 
acidic environment.

• Difficult to fine tune the responsiveness as some polymers poly(ε-caprolac-
tone) (PCL), (polylactide (PLA)), PLGA, etc. degrade slowly at the target site 
and thus cannot readily release drug from nanoparticles.

With an aim to further enhance the release behavior and augment therapeutic efficacy 
of intelligent delivery systems for drug, dual and multi-stimuli responsive systems have 
gathered much attention aggressively in the area of drug delivery. Thus, engineering smart 
systems with dual or multi-responsiveness properties are highly potential to obtain precise, 
systematic and site specific drug delivery. Though these systems are challenging synthetically, 
are systems of emerging attention and interest. Moreover, dual and multi- responsiveness 
could highly enhance the versatile applicability of these systems by combining the drug 

Table 11.4 The different stimuli-responsive polymeric systems and their drug release mechanisms. 
(Continued)

Stimulus Formulation types Mechanism of drug release Reference

Redox 
potential

Disulfide bond 
bridged polymeric 
nanoparticles loaded 
with doxorubicin

The redox potential difference 
in intracellular (reductive) & 
extracellular (oxidative) regions 
acts as a trigger to drug release. 
At intracellular regions the 
polymers degrade resulting in 
drug release.

92
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delivery with desirables like imaging, detection or feedback. These systems also furnish a 
unique opportunity optimize their response to every stimuli independently, so that release 
of drug can be regulated precisely under the merged effect of different stimuli. In these sys-
tems two or more stimuli are merged to: (i) facilitate nano-formulation in mild environment 
by applying external stimuli like temperature, pH, etc, as in these systems one of the stimuli 
can be used to load drug in carrier and other/s is/are to trigger the drug release; (ii) trigger 
drug release under stimuli (external) like magnetic field, temperature, light and ultrasonic; 
(iii) drug release is also triggered at target site and reversible deshielding of nanoparticles in 
biological environment. Due to versatile tumor micro-environment such as oxygenation, 
perfusion, vascular abnormalities, and other metabolic states these stimuli-responsive sys-
tems were exclusively developed for anti-cancer drug delivery [3].

Rapid growth rate of the cancerous cells results in temperature increase and pH decrease 
in tumor tissues. The higher redox potential of cytosol & cell nuclei containing 100 and 
1,000-fold greater amount of glutathione (GSH) tri-peptide than blood and extracellular 
milieu (0.5e−10 mM versus 2e−20 mM GSH) were exploited for intracellular drug release 
[93]. Further, tumor tissues are extremely hypoxic and possess 4-times high GSH quan-
tity compared to normal tissues. The systems designed based on such internal stimuli are 
advantageous for self-regulated drug release and can be easily employed in clinical settings 
with greater patient compliance. On the other hand, external stimuli-responsive carriers 
offer demonstrable merits of temporal, precision spatial and dose control over a period 
of release via remote device, in which release of drug might be switched on and off as and 
when needed [94].

Group of numerous enzymes, like glucuronidase, carboxylesterases or proteases which 
are differentially expressed by normal (intra- or extracellular) and cancerous cells can also 
be utilized as biochemical trigger. To develop an enzyme-responsive carrier, protease 
cathepsin (especially cathepsin B) which degrades lysosomal proteins is extensively stud-
ied. Extracellularly expressed proteases like matrix metalloproteases are very particular 
biomarkers of cancerous tissues which cause proteolysis of the basement membranes and 
extracellular matrix and are also responsible for embryo morphogenesis, angiogenesis, par-
asitic or bacterial invasion and tissue remodeling [95–98]. Such biochemical signals act as a 
trigger when specific site oriented release of drug is needed by the system. Which can be 
achieved either by incorporating particular enzyme substrate sequence to linker segment, 
which connects drug to nanocarriers or to nanocarrier matrix.

In dual and multi-responsive systems, responses appear either at the same site simulta-
neously or in subsequent pattern in various compartments and/or settings. These systems 
in nano form provide remarkable control of drug release, resulting in superior in vitro and/
or in vivo anti-cancer potency.

An overview of how the external stimuli are utilized in nanoparticle preparation as well 
as how the internal and external stimuli together trigger precision spatial, dose controlled 
and temporal release of drug with shielding and de-shielding mechanisms at tumor site are 
represented in Figure 11.3.

Polymers responsive to more than one stimuli are often synthesized by combining more 
than one monomers responsive to different stimuli based on their applicability. In one of 
our studies, temperature and pH responsive co-polymer was synthesized by the combi-
nation of biodegradable and biocompatible chitosan (CS) as pH responsive polymer and 
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PNIPAM as a reversible thermoresponsive polymer. In preliminary study, the effect of 
N,N-methylenebisacrylamide (MBA)-cross linking agent and chitosan concentrations on 
the responsiveness of CS-g-PNIPAM co-polymer and other properties were investigated and 
based the preliminary findings the responsiveness of CS-g-PNIPAM co-polymer was fine 
tuned to tumor microenvironment. The co-polymer was then loaded with an anti-cancer 
drug Oxaliplatin and evaluated for its targeted delivery of drug at tumor microenviron-
ment temperature and pH. The same is represented in Figure 11.4 [99, 100]. Many of such 
co-polymers with multi-responsive properties and their applications with respect to deliv-
ery of drug are enlisted in Table 11.5 and some very recent findings are discussed below:

Chen, developed multi-responsive co-polymeric (poly(DMA-st-MAABO)) hydrogel 
with self-healing property which was responding towards temperature, pH, hydrogen perox-
ide, adenosine triphosphate and sugar. The study demonstrated potential biomedical appli-
cation of the system with respect to controlled drug delivery and tissue engineering [101].

Zhang et al. designed folate conjugated pH/reduction dual responsive micelles as ther-
anostic carrier for indocyanine green (ICG) and doxorubicin (DOX) to achieve targeted 
NIR imaging as well as combined chemo-photothermal therapy. Here they prepared copo-
lymers composed of PEG and PCL with disulphide and acetal linkages ((PCL-ss-PEG-ss-
PCL) and (PCL-acetal-PEG)), the combination of which results in dual responsive micelles. 
For thermal therapy ICG was sensitized with NIR light. Micelles exhibited greater in vivo 
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Figure 11.3 Representation of role of dual and multi-responsive polymeric nanoparticles, tumor 
microenvironment and external stimuli in precision and dose controlled release of drug at target site [3].
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Figure 11.4 An overview of site specific drug delivery from thermo and pH dual responsive polymeric 
nanoparticles.

Table 11.5 List of dual and multi responsive polymeric systems.

Sl. No. Responsiveness Name of polymer Drug References

Dual responsive polymeric systems for drug delivery

1 Temperature 
and pH

-PNIPAm-co-MA Proteins and 
peptides

105

-PNIPAm-AM-VP Naltrexone 106

-PNIPAM/CMCS/MWCNTs Dox 107

-CTS-g-PNIPAAm 10-hydroxycamp-
tothecine

108

2 Magnetic and 
pH

-PEGylated Fe3O4 
(Fe3O4–NH2)

Dox 109

-MPEG-b-PMAA-b-PGMA- 
Fe3O4

Adriamycin 110

-(Ac-β-CD) & Fe
3
O

4 
Composit

Camptothecin 111

- Fe
3
O

4
@SiO

2
, poly(L-

Asparagine) and mPEG
Dox 112

-DOX-tethered Fe3O4 
conjugates nanoparticles

Dox 113

(Continued)
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Table 11.5 List of dual and multi responsive polymeric systems. (Continued)

Sl. No. Responsiveness Name of polymer Drug References

3 Magnetic and 
temperature

-PNIPAM–chitosan Curcumin 114

-PNIPAM-co-AA-MnFe2O4 Dox 115

-Pluronic with Fe3O4 
nanoparticles

Dox 116

4 pH and redox -PEG-SS-PDEA FITC-BSA/CC 117

-PCL-b-P(OEGMA-co-
MAEBA) micelles

CPT and Dox 118

-PDS-g-PEG/cRGD 
nanoparticles

Dox 119

-Poly(b-amino ester)s-PEG 
micelles

Dox 120

-DOX-conjugated PDSM-b-
PHPMA micelles

Dox 121

5 Temperature 
and redox

-PEO-PAA-PNIPAAm 
polymersomes.

Proteins 122

-poly(ether urethane) Dox 123

6 Double pH -Poly-b-amino ester ketal 
nanoparticles

BSA-Alexa flour 124

-PPC-Hyd-DOX-DA 
nanoparticles

DOX 125

-Poly(L-lysine)-block–poly(L-
leucine) micelles

Nuclear 126

7 Temperature 
and enzyme

-DNA-capped MSNs Floxurinide 127

-CuS@Gel–DOX 
nanoparticles

Dox 128

Multi responsive polymeric systems for drug delivery

8 Light, 
temperature 
and pH

-N-isopropylacrylamide 
and 4-[(4-(acryloyloxy)
ethoxy)phenylazo]
benzoic acid(hydrogel) 
(PNIPAM-AEPAZA)

Dox

Nile Red

129

130

-P(DMAEMA-co-NBM)

(Continued)
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efficacy due to combined effect of chemotherapeutic drug and thermal therapy with ICG-
photosensitizer. The system exhibited immense potential in chemo-photothermal therapy 
guided by imaging as theranostic carriers [102].

You et al. synthesized glutathione and NIR light dual responsive system for targeted cis-
platin & ICG delivery. Drug release profile demonstrated higher percentage of drug release 

Table 11.5 List of dual and multi responsive polymeric systems. (Continued)

Sl. No. Responsiveness Name of polymer Drug References

9 Temperature, 
pH and guest 
molecule

-Methylviologene 
functionalized PNIPAAm 
Naphthalene terminated 
PDMAEMA

Dox 131

-cucurbit[7]uril (a 
macrocyclic cavit and 
comprising seven 
glycoluril units) hydrogel

– 132

10 Temperature, 
pH and 
magnetic

-AT–Fe3O4/PMOA 
nanocomposite microgels

-VCL–AAEM–VIm 
microgels

–

–

133

134

11 pH, redox and 
magnetic

–amphiphilic 
PCL-SS-PDMAEMA 

Dox 135

–Fe(II) loaded PMAA 
microcontainers crosslinked 
by N,N-methylene- 
bisacrylamide and 
N,N-bis(acryloyl)-cystamine

Daunorubicin 136

–PMAA@P(MAA-co-
PEGMA-co-MBAAm-co-
BAC) (PMAA@PMAAS–S

Daunorubicin 137

12 Temperature,
redox and guest 

molecule.

-p-sulfonatocalix[4]arene 
(C4AS) and 1-methyl-1’-
dodecyl-4,4’-bipyridinium 
(MVC12)

Dox 138

13 Temperature/pH 
and redox

-THP-protected HEMA 
monomer and NIPAM 
Amphiphilic Block 
Copolymer 

-Nile red 139

-P(MAA-co-BAC)/
P(NIPAAm-co-BAC)-FA 
microspheres

-Dox 140
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in acidic conditions especially on exposer to GSH and NIR irradiation (99.35%) in compar-
ison to glutathione alone (58.45%) or NIR light alone (73.46%) or without both the stimulus 
(12.35%) at a pH of 7.4 after 72 h. However, these findings were not significant under pH 
5.5. In cytotoxicity assay, cells viability was reduced to 1.95% (SGC-7901) upon exposer to 
NIR light and it was reduced to 1.25% in MCF-7 cells [103].

Zhong et al. reported biocompatible, (acid pH, temperature and reducing agent) triple- 
responsive nanocages (TDN). These nanocages show significantly improved drug release 
 pharmacokinetics and biodistribution of anti-cancer drugs under triple stimuli, which confirms 
the potent in vivo therapeutic effect with reduced side effects [104].

11.4 Conclusion

Several years of hasty improvement in the development of mono, dual as well as multi- 
responsive polymeric nanoparticulate systems with designed targeted delivery of drug are 
unlimited in their design and chemical composition. Each mono-responsive or combined 
responsive system represents their own merits and demerits. These systems obviously 
addressed the challenges of current nano-systems with respect to in vivo stability, intracellu-
lar drug delivery, shielding and deshielding of systems, unprecedented self-regulated con-
trolled release and many more. Ability to modulate drug biodistribution by altering drug 
release via the utilization of intelligent polymers could translate delivery from passive to 
active stimuli-controlled drug delivery. This ultimately reduces the toxic and adverse effects 
while enhance the therapeutic outcome through programmed site-specific drug delivery.

Despite of several advancements, there are still many challenges exist to transform 
 stimuli-responsive polymeric drug delivery systems for clinical application. The need of the 
hour is to develop polymeric systems with greater sensitivity, biocompatibility, non-toxicity 
and multiple-responsive properties. During the review of research we found that the meth-
ods of stimuli-responsive polymer synthesis are complex. Therefore, along with engineering 
of smart polymeric systems, development of simple synthetic methods of copolymer prepa-
ration needs to be designed. Many of multi-responsive polymer systems are just evidence 
for concept studies which are evaluated only in vitro. Thus, extensive in vivo performance of 
multi-stimuli responsive systems needs to be evaluated. We expect the continuous devel-
opment of new responsive polymeric nano-systems, with extensively elaborated and adopt-
able drug carriers to be offered in the future.
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17.1 Introduction

“E-waste can be classified as an electrically powered appliance that has reached its end-of-life” (Deepali et al., 2005). 
E-waste generated from electrical and electronic equipment (EEE) may add to and exacerbate the existing pollution 
problem. These types of equipment release many hazardous substances to the environment, which causes pollu-
tion (Rajarao et al., 2014; Widmer et al., 2005). The E-waste generated from all sources of electronic goods should be 
recovered, but is something we presently lack in terms of the technology required (Jujun et al., 2014). E-waste recy-
cling from electronic equipment and goods may yield valuable metals in higher concentrations as in ores (Cayumil 
et al., 2016) and this may add appreciable strength to the economy.

E-waste and its accessory components like computer systems, printers, and television sets contain toxic metals 
like lead. The recycled products that contain such toxic metals are sold in the market for public use, which may pose 
health risks that are normally overlooked. Scruggs et al. (2016) suggested sanctioning laws and regulations to protect 
the public health and environment that will monitor the use of chemicals in EEE.

17.2 The lifecycle of electronic goods

EEE may be prepared and gathered in India and maybe a form of imported material from foreign countries, like 
those in Europe, Korea, and China. The manufactured goods reach the costumers via distributors and retailers, who 
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are referred to as “Associated Elements” in the generation of EEE, but not in waste electrical and electronic equip-
ment (WEEE) generation. In the Indian market, electronic goods are easily accessible in the assembled form, wherein 
the contractor gathers all the things and directly delivers to the consumers at lower prices. Whereas branded person-
nel computers are costly due to various norms, regulations of taxes and licensing contribute to the higher prices. The 
responsibility of the extended producer is not always followed and the monitoring of a middleman (like assemblers) 
often fails. In the present scenario, the handling of the black market is very important, because much illegal, unlaw-
ful, and irregularities are found in this market.

Electronic goods/gadgets are classified under three major classes:

•	 White goods: Household appliances
•	 Brown goods: TVs, camcorders, cameras
•	 Gray goods: Computers, printers, fax machines, scanners, etc.

17.3 Global effects of E-waste

The generation of WEEE has exponentially increased because of developed research and innovations in the elec-
trical and electronics field. Increasing demand for this equipment in developing countries and their short lifespan 
has added to the excess generation of such wastes (Gusseme et al., 2010; Hussein et al., 2004). Other contributing 
factors include international legislative consensus and failures in the management of WEEE (Friege, 2012) as well as 
affordability. For large EEE and mobile phones, a decrease lifespan with an average of 10–2 years and 24–9 months 
was observed, respectively (Gusseme et al., 2010; Kasper et al., 2011; Ongondo et al., 2015). It is assumed that in the 
coming few years, large populations and rapid economic growth regions are expected to produce huge amounts of 
WEEE. An overview of the total expected of the waste generation million tons (Arda et al., 2019) in 2020 is shown 
in Fig. 17.1.

FIGURE 17.1 Predicted annual electronic waste generation in million tons.
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17.4 E-waste hazards

The incineration process of waste electrical goods like electrical wires, circuit panels, metal-holding acidic solu-
tions (Borthakur and Singh, 2017), polychlorinated biphenyls, polybrominated diphenyl ethers, and polychlorinated 
dibenzo-p-dioxins increase in the environment and may enter the food chain and may result in adverse impacts on 
human health (Luo et al., 2011; Tue et al., 2014). The most common materials in e-waste are lead, iron, copper, nickel, 
cobalt, chromium, silver, palladium, and gold. Plastics and ceramics used in making electrical goods alter their 
composition during manufacturing (Robinson, 2009). Borthakur and Singh, (2017) as well as Williams (2011) have 
reported the harmful action of such e-wastes and showed its presence in air and soil during recycling. Many coun-
tries including India, Ghana, China, Thailand, Pakistan, Indonesia, Vietnam, and Bangladesh are involved in illegal 
practices of recycling electronic and electrical goods.

17.5 Health and environmental impacts of E-waste

The chemicals present in electronic goods are potential threats to life on earth because they contain/possess harm-
ful or fatal toxicants; in addition, the electronic goods possess a complex mixture of thousands of micro and macro 
elements of lethal nature. Most of the constituents in electronic devices comprise (Fig. 17.2) lead, mercury, chromium, 
cadmium, beryllium, polyvinyl chloride (PVC), and brominated flame retardants (BFRts). Furthermore, devices like 
TVs, computers, and related components possess lead, which has neurological effects (such as the CNS or central 
nervous system) and is further explained in Fig. 17.2. The e-waste if disposed of without proper treatment and any 
controls may contaminate the soil, water, and air.

17.6 The need for e-waste management

In developing countries, unsanitary modes of landfill disposing and recycling have been reported. Like discussed 
in the previous section, improper recycling practices of Copper (Cu) and plastic, by burning the wires in open spaces 
and recovery of metals from polychlorinated biphenyls using acid extraction techniques are followed. These pro-
cesses result in environmental pollution and may contaminate natural resources (Ikhlayel, 2018).

FIGURE 17.2 Effects of e-waste components on human health.
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Major drawbacks of e-waste management:

•	 Generation	of	e-waste	in	large	quantities,	which	may	be	due	to	a	lack	of	infrastructure	to	control	e-waste	
properly.

•	 Insufficient	behavior	of	e-waste	and	their	mixture	formed	with	metropolitan	solid	waste.
•	 Poor	or	incomplete	inventory	assessment	of	e-waste.
•	 Lack	of	knowledge	for	the	toxic	effects	produced	on	human	health,	from	the	wrong	practices	of	e-waste	

management.
•	 Lack	of	knowledge	for	the	hazardous	nature	and	toxicity	of	e-waste.
•	 Absence	of	legislation	to	regulate	and	control	e-waste	management	such	as	exporting	them	from	developed	

countries to developing countries for recycling and improper disposal of them.

17.6.1 Processing and recycling of e-waste

Different electrical and electronic products like printed circuit boards (PCB) are fabricated from many toxic chemi-
cal substances, which include heavy metals like cadmium, lead, and germanium, oxides, and polymers. In many 
countries, these e-wastes are disposed of by incineration that produce gases like furans or dioxins, which cause 
cancer and pose a serious threat to the environment. However, the physical or mechanical crushing process does not 
separate out reusable materials or any type of metals from e-waste. Therefore, it is essential to look for an alternate 
approach, which is sustainable and environment-friendly.

One such approach has been seen in the enhanced separation of chemical substances such as metals, oxides, and 
polymers from the PCB, which employs a cold “cryo-mill” procedure followed by dispersing the product into water. 
Briefly, PCBs obtained from the computers, smartphones, recording devices, medical devices etc. are ground into fine 
nano-sized dust at low temperatures (<0°C) using liquid nitrogen and are pulverized in the cold “cryo-mill” to sepa-
rate it from the e-waste. At room temperature, the obtained nano dust powder is then dissolved in water, to separate 
chemical substances such as metals, polymers, and oxides, which can be further reused as raw materials for manu-
facturing paints, plastic chairs, or whiteboards (Tiwary et al., 2017). Polymer nanocomposites are used to synthesize 
e-waste-based nanoparticles (NPs), thereby recycling the waste material. The traditional methods of extraction of 
individual components from e-waste like PCBs have several limitations in comparison to newly developed meth-
ods. Chemical methods like hydrometallurgy and pyrometallurgy consume low energy but yield a high amount of 
chemical waste and extract oxides, whereas the physical methods based on mechanical crushing and heating at high 
temperatures involve a large amount of energy, which leads to the formation of a large quantity of waste like gases 
and slag. This physical method extracts only metals, thereby losing oxides and polymers in the process (Friege, 2012; 
Davar et al., 2015; De Gusseme et al., 2011, ; Kasper et al., 2011; Ongondo et al., 2015). Biometallurgy is an ecofriendly 
method that has been developed to extract moderately all types of components like metals, oxides, and polymers. In 
comparison to physical and chemical methods, this procedure uses low energy with a longer duration of a procedure 
resulting in a decreased rate of recovery. Nowadays, the preferred method of choice is low-temperature milling to 
prepare NPs, which can separate and recycle the pure components and is considered as an environment-friendly 
and scalable method. Many such ecofriendly and affordable methods need to be explored in order to sustainably 
recycle e-waste. The scanning electron microscope images as seen in Fig. 17.3 exhibited structures of raw PCB and 
bioleached PCB, the study illustrated importance of metals recovery from the e-waste (PCBs) using strains of Acti-
nobacteria in bioleaching.

17.6.2 Hybrid technique for metal extraction

The process of biological leaching is an improved technique but it is time-consuming and tedious when it comes to 
the removal of a complete metal by biological leaching alone. In comparison, chemical leaching is a rapid, robust, and 
proficient technique, but it possesses its own disadvantages (Ren et al., 2009). Therefore, to overcome the shortcom-
ings of both the processes, the chemical and biological leaching techniques are coupled together.

17.6.3 Biological leaching of e-waste

Bacterial species like Acidithiobacillus ferrooxidans, Acidithiobacillus thiooxidans, Leptospirillum ferrooxidans, and Sul-
folobus sp. are the main contributors of heavy metals bioleaching from e-waste (Mishra and Rhee, 2010). As shown 
in Fig. 17.4, by using precipitation techniques at desired pH conditions, the minerals were successfully recovered 
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from PCBs (Kim et al., 2018). Furthermore, in acidic condition, microorganisms are constantly being used in the 
selective metal recovery and decomposition of inorganic and organic matter on the earth. Bioleaching is a natural 
process where microbes transform solid metallic products into its soluble and extractable form. Bacteria belonging 
to an autotrophic nature (Thiobacilli species), heterotrophic fungi (e.g., Aspergillus sp., Penicillium sp.) and heterotro-
phic bacteria (Pseudomonas sp., Bacillus sp.) are the three major groups of microorganisms involved in bioleaching of 
metals. As per Fig. 17.5, it is clearly observed that the biogenic carbonate minerals formation The mineral decompos-
ing microbes, called chemolithotrophs of an Iron and sulfur-oxidizing nature, also fix atmospheric CO2 (Clark and 
Norris, 1996; Mishra and Rhee, 2010; Nagpal et al., 1993).

FIGURE 17.3 Scanning electron microscope images. (A) Raw PCB, (B) bioleaching residue. Reprinted with permission from Dhanalashmi et al. 
(2019). Copyright © 2019 Springer Open.

FIGURE 17.4 (A) A picture displaying the white settled precipitate; (B) XRD patterns; (C)–(E) SEM-EDS images of the biogenic carbonate 
minerals. Reprinted with permission from Kim et al. (2018). Copyright © 2018 MDPI.
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17.7 Significance of nanoparticles in e-waste management

Countries are developing e-waste at higher pace and so it is the global concern for electronic waste or e-waste 
management systems. E-waste comprises of materials that are toxic to health and the environment. It is the need of 
the hour to analyze methods to manage and recycle of the e-waste components for the betterment of society. The 
decomposition of the waste material is a slow process involving many obstacles that need monitoring globally. 
The hazardous chemicals like mercury and lead are present in the most common equipment like televisions and 
computers (Bystrzejewska et al., 2009). The United Nations Environmental Program (UNEP) universally reports  
20–50 million tons of waste that instigate many health- and environment-related problems. Nanotechnology has 
various applications (Fig. 17.6) such as remediation of ground water, solid waste, heavy metal, hydrocarbon, and 
filtration at the nanoscale, catalysts in the absorption and breakdown of pollutants, and wastewater management. A 
new area to focus on, however, is the use of microorganisms in the degradation of hazardous components. Biosyn-
thesis of industrial products with the help of microorganisms would be rapid and safe to the environment directing 
toward green nanotechnology. Microorganisms would provide alternative methods when compared to conventional 
therapies (Garlapati, 2016).

17.7.1 Nanoparticles produced by bacteria

Bacteria have the capacity to reduce metal ions in various components at the nanoscale, thereby immobilizing 
them. This includes reduction of heavy metals like platinum, lead, cadmium, titanium, and palladium. Bacterial en-

FIGURE 17.5 Represents extraction of metals from e-waste. (A) Bioleaching of metals from e-waste to aqueous metal ions through bacteria 
and fungi; (B) Bio-reduction of aqueous metal ions to metal nanoparticles through microorganisms and plant extracts.

FIGURE 17.6 The application of nanoparticles in remediation.
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zymes catalyze such reactions and are, thus, used in the synthesis of inorganic NPs. Such green-synthesized NPs are 
used for various applications (Yadav et al., 2017).

17.7.2 Nanoparticles produced by yeast and fungi

Yeast and fungi produce enzymes that essentially help in the reduction of heavy metals. The high biomass pro-
duction from these sources has been exploited to produce NPs from the e-waste containing heavy metals on a large 
scale. Due to the wild abundance of fungi and yeast, the green synthesis of such NPs seems cost-effective too (Saxena 
et al., 2014).

17.7.3 Carbon nanotubes (CNs) and nanocrystals (NCs) remediation

CNs and NCs are carbon-based nanomaterials, which consist of exceptional tunable properties. These facilitate 
new technologies that have wide applications in the management of e-waste and globally prevent pollution. The 
CNs is of two types, single and multiwalled, generally used to eliminate Nickel ions from water and cationic dyes 
from aqueous solutions (Rizwan et al., 2014).

17.7.4 Heavy metal remediation (phytoremediation)

Many countries face severe problems of environmental pollution, due the presence of heavy metals in soil and 
water. According to a study, Noaeamucronata also called as thorny saltwort, has the capacity to gather Pb-NPs and 
reducing heavy metals (Mohsenzadeh and Rad, 2012).

17.8 Synthesis and characterization of the nanoparticles

17.8.1 Biorecovery of palladium (Pd)

Nowadays, the synthesis of metallic NPs from precious metals using a direct bio-reduction process has increased. 
Microorganism-assisted nanoparticle synthesis is beneficial as they are inexpensive and require ambient temperature 
and pressure. There are many reports of the microbial bio-reduction of Pd, which has been used to recover the ele-
ment from leaching models of a catalytic conversion of chemicals and pollutants, and from the industrial automotive 
catalyst (Arda et al., 2019).

17.8.2 Biorecovery of gold (Au)

Biorecovery of Au from jewelry waste using microorganisms such as Escherichia coli and the bio-manufacturing 
of catalytically active Au nanomaterials for the oxidation of glycerol has been reported (Deplanche et al., 2007). This 
combination strategy of microorganism and surfactants facilitates the formulation of stable Au NPs and bio-Au 
nanocomposites. Further adding to these techniques, the bimetallic-synthesized Pd–Au nanocomposites from e-
waste have been used for the dechlorination of potential environmental pollutants (De Corte et al., 2011).

17.8.3 Biorecovery of silver (Ag)

Synthesized membranes involve biogenic Ag (o) precipitates from wastes and have potential antiviral, disinfec-
tant, and antifouling properties. In addition to these, the nanocomposite materials possessed antibacterial action and 
reduced biofilm formation by inhibiting bacterial adhesion (De Gusseme et al., 2011; Gusseme et al., 2010).

17.8.4 Recovery of copper (Cu)

The hydrometallurgical procedure has been commonly employed to recover Cu from e-waste in the form of NPs. 
Another ecofriendly and low-cost method is normally employed for extraction of the fine dust of PCBs, followed by 
the selective leaching of Cu in ammonium and ammoniacal salt solutions at room temperature, and finally the NPs 
are produced by using l-ascorbic acid and CTAB as a reducing agent and modifier, respectively. The characterization 
tests used in a study explaining this process are as mentioned below. This is suggested to be used in electrochemical 
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sensor technology and development processes. The recovered copper NPs have been characterized by employing 
various advanced analytical tools, powder X-ray diffraction (to explore lattice properties), and transverse electron 
microscopy (to know shape and size of the recovered NPs) (El-Nasr et al., 2020).

17.8.5 Carbon-based nanomaterials

Carbon nanomaterials like carbon dots and reduced graphene oxide have been produced by using TiO2 NPs as 
a catalyst, and have shown enhanced photocatalytic activity for methylene blue dye degradation. This method can 
be efficiently utilized to fabricate different carbon nanocomposites employing metal oxides as a catalyst and much 
plastic waste as a carbon resource (Mohamed and Alsanea, 2020).

17.8.6 Recovery of zinc oxide (ZnO) nanoparticles

ZnO NPs possess excellent physical and optical properties, and are mostly used in gas sensors, energy storage, 
optoelectronics, etc. Different chemical processes like conventional solid-state process, precipitation, hydrolysis, py-
rolysis, hydrothermal methods, and sol–gel have been mentioned for ZnO nanoparticle synthesis into different sizes 
and morphologies, which look for parameters like pH, temperature, reaction media, counter ions, and additives 
(Davar et al., 2015). A superficial thermal production methodology has been reported to produce ZnO NPs from 
used-up Zn-C batteries. This recovery of ZnO NPs from used-up Zn-C batteries requires exposure to 900°C under 
the influence of an inert argon gas using a horizontal quartz tube furnace (Rifat et al., 2018).

Recycling of electrode waste from spent domestic Zn–MnO2 batteries has been reported by using a simple re-
covery, one-pot solvothermal process for ZnO NPs, which has enormous environmental significance. With manual 
dismantling, an electrode material from the batteries is collected and mixed with HCl and Cyanex 923 (phosphine 
oxide reagent) at 250°C for 30 min. This selected extract facilitates the efficient separation of pure Zn from Zn–MnO2. 
Furthermore, the recovery of high purity ZnO NPs upon ethanolic treatment that yielded almost 5 nm particle sizes 
(Akash et al., 2016).

17.8.7 Silicon carbide nanowires

The carbothermal reduction process has been employed for the synthesis of silicon carbide nanowires using a 
glass fraction of an obsolete computer monitor and a computer’s plastic shell as a source of silica and carbon, respec-
tively. A stoichiometric mixture of both electronic waste (e-waste) components was prepared and subsequently heat-
treated (1550°C) in an inert atmosphere of argon gas for 20 min, which was further processed for characterization. 
It was found that the synthesized silicon carbide nanowires exhibited bamboo-like and hexagonal prism structures 
with diameters of 30–200 nm and lengths up to 10 µm (Samane et al., 2017).

17.8.8 Regulations and laws in e-waste management from a global scenario

The regulations for the management of e-waste are addressed partially because recycling processes have achieved 
support only in a few legislation policies. Green materials and eco-designs have been executed at operational levels, 
in addition to e-waste and material management (Irimia-Vladu, 2014). However, this sort of regulation and technical 
systems has yet to be achieved at the e-waste substance level. The e-waste management occurs in four levels, namely 
at the product, component, material, and substance levels. To succeed in e-waste management, it is now a prereq-
uisite to address this problem from the product and component level to the levels of materials and substances. The 
general awareness in e-waste management and environmental risk, as well as ecotoxicology of harmful materials in 
recycled products should be well illustrated. The e-waste controlling board should take steps to curb toxic substanc-
es from entering downstream processes. The e-waste bio-separation technology, policy, and regulations should be 
properly addressed and revised. This may result in enhanced WEEE regulation for both nonregulated and regulated 
nation-states. The e-waste management at a global level has been addressed in developing and developed coun-
tries with much counter legislation and regulations, at different levels. The open-space incineration of e-waste (like 
wire piles, melting of electronic boards and discarding of metal bearing acidic solutions) are commonly practiced 
(Borthakur and Singh, 2017). The level of toxic organic compounds like polychlorinated biphenyls, polybrominated 
diphenyl ethers, polychlorinated dibenzo-p-dioxins, and dibenzofurans in air and water, is increasing at alarming 
levels, and further continues having harsh effects on the environment and human health. Apart from the contamina-
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tion of these resources and its indirect impact on human health, it is also directly affecting us by accumulating in our 
food chain (Tue et al., 2014, 2016; Luo et al., 2011).

17.8.9 Producer responsibility organizations

E-waste management rules, 2016, jolted producers to set up a Producer Responsibility Organization (PRO) for 
the enactment of EPR responsibilities. The PROs take on the liability for setting up a collection and reprocessing 
mechanism as well as running responsive movements, which are essential for amenability under the e-waste rules. 
The intermediates, like PROs, may help in the collection and transfer of materials on behalf of the producers. The 
movement of e-waste for recycling will be under the effect of collectors, dismantlers, contractors, and mediators on 
behalf of producers with registered recyclers for end-of-life processing (Fig. 17.7). The middlemen act as PROs in 
addition to recyclers as well as capitalists. Therefore, PROs selection plays a crucial role in e-waste management and 
hence, the (Central Pollution Control Board (CPCB) sets a regulatory guideline for PROs permission. The importance 
of PROs is not certain because many government organizations do not consider a PRO as a certified entity to bid for 
their e-waste.

17.9 Challenges of e-waste management

The main tasks for the effective management of e-waste in India are similar to many other countries, in particular 
emerging economies. The prevailing conditions in emerging economies, like India and China, face many conducive 
environments that drag the tail of e-waste management systems. As shown in Fig. 17.8, the producers especially 
do not follow the regulatory guidelines of WEEE and hence lead to unwanted e-waste problems in India. The main 
challenges like infrastructure and ecosystem, skills and capacity, financing, awareness, standards, and monitoring 
are all interconnected. There is a lack of coordination between the producers, consumers, and recyclers. The recy-
clers mainly involved in recycling of e-waste, often fail to recollect e-waste from hidden areas, hence it may lead to 
pollution.

17.10 Conclusions and future perspectives

This chapter summarizes the importance of e-waste management in mitigating environmental pollution. The 
e-waste-driven pollution is rapidly growing environmental problems that need immediate attention and an an-
swer. The lack of knowledge about e-waste problems like its disposable, chemical nature and its handling were 
leading to improper management and ultimately culminating in health ailments of the living world and the 
environment. The biological recovery of metal ions and toxins is being aimed through the use of NPs based on 
charge, ionic property, and molecular weight. The working group has to receive the information regarding the 

FIGURE 17.7 Pictorial representation of e-waste processing.
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safety and handling of e-waste for personal protection and strict rules and regulations on e-waste should be 
followed in every country. The near futuristic practice newer technologies those involving the use of bacteria, 
fungi, and environmentally friendly entities will be given significance. The bio-recovery of heavy metals through 
bio-generated NPs will play a prime importance.

The biological food chain is also continuously affecting due to contamination caused by the use of e-waste. The 
toxicity of e-waste was lethal to the many life forms of living world; hence, its mitigation, bioremediation, and ame-
lioration of environment are a major challenge of pollution boards to control it.
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Chapter

Lipid Peroxidation: A Signaling 
Mechanism in Diagnosis of 
Diseases
Kalpana Sabanna Patil and Raju Ratan Wadekar

Abstract

Quantification of reactive oxygen species, is perplexing either in vivo or in vitro 
due to their short half-lives. Consequently, to define the magnitude of oxidative 
stress, the more stable oxidation products can be measured in biological samples. 
The oxidative stress leads to the lipid peroxidation that involves the initiation, 
termination and propagation of lipid radicals, wherein, the process involves the 
oxygen uptake, rearrangement of the double bonds in unsaturated lipids, that leads 
to polyunsaturated fatty acid deterioration. Subsequently, the toxic signaling end 
products are considered as biomarkers of free radicals that act both as signaling 
molecules and as cytotoxic products cause covalent alteration of lipid peroxidation 
products. The use of validated signaling mechanism (s) of Lipid peroxidation and 
products derived thereof exhibits its use clinical practice and basic clinical research 
as well as in clinical practice has become common place, and their presence as 
endpoints in clinical trials is now broadly accepted. This knowledge can be used to 
diagnose disease earlier, or to prevent it before it starts. The signaling markers can 
be used to excel the effectiveness of the prevailing medicines and to improve the 
new medicines.

Keywords: lipid peroxidation, isoprostanes, malondialdehyde, Alzheimer’s disease, 
oxidative stress

1. Introduction

Lipids are of two types: Polar and Non-polar. The polar lipids (Triglycerides), 
store in various cells but especially in adipose (fat) tissue, are usually the main 
source of energy for mammals. Polar lipids are underlying segments of cell layers, 
where in it contributesfor thedevelopment of permeability barrier of cells and sub-
cellular organelles in the form of a lipid bilayer [1]. The glycerol-based phospholipid 
is the significant type of membranous lipid bilayer and it is evidenced by the element 
that membrane lipids may regulates the biologicalfunctions of a membrane organelle 
by amending its biophysical characteristics, such as the divergence and absorptivity 
[2]. Lipids and its metabolite productsfacilitates a key ingredient in understand-
ing the biology and serve as a signaling biomolecules in the diagnosis of diseases 
[3]. However, theleading enzymes that generate as lipid-signaling biomarkers are 
lipoxygenase, that intervene hydroperoxyeicosatetraenoic acids (HPETEs), lipoxins, 
leukotrienes, or hepoxilins biosynthesis after oxidation of fatty acids/arachidonic 
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acid (AA), cyclooxygenase that yields prostaglandins, and cytochrome P-450 (CYP) 
that produces epoxyeicosatrienoic acids, leukotoxins, thromboxane, or prostacy-
clin respectively [4, 5]. The signaling lipid biomarkers recruitsvia stimulation of a 
variety of receptors, including nuclear and G protein-coupled receptors. Moreover, 
several othertypes of lipidmetabolites have been recognized as potent intracellular 
signal transduction molecules viz; i) diacylglycerol (DAG) and inositol phosphates 
(IPs) were derived from the phosphatidylinositol phosphates. DAG is a transcrip-
tion nuclear factor-kB (NF-kB) which promotes cell survival and proliferation and 
also a physiological activator of protein kinase C [6, 7] and a small G protein [8]. 
On the other hand, IPs (lipid derived metabolites) are anextremelystimulatingthat 
intricate in signal transduction, results in activation of mTORand Akt [9], and 
calcium homeostasis [10, 11]; ii) Sphingolipid derived from ceramide (sphingosine-
1-phosphate), is aeffective messenger molecule engaged in proliferation, adhesion, 
migration and alsoregulates calcium mobilization at molecular and cellular level of 
the organism [12–14]; iii) oxidative stress induced fatty acid derived eicosanoid and 
prostaglandins involved in inflammation [15, 16] and immunity [17]; iv) phosphoti-
dylserine, (a phospholipid) that plays crucial role in a number of signaling pathways, 
includes fusogenic proteins, kinases and small GTPases [18]; v) the sex and growth 
hormones such as testosterone, progesterone, estrogen and cortisol that monitored 
a host body activities such as reproduction, blood pressure metabolism, inflamma-
tion, oxidative stress response etc. [19].

Molecular mechanism of lipid damage: The process of lipid peroxidation (LPO), 
is the resultant of oxidative stress and free radical production. Specifically, reac-
tive oxygen species (ROS) attack polyunsaturated fatty acids (PUFAs) of cellular 
membranes and leads tothe insult of functional and/or structural integrity of cell 
membranes, subsequentlyproducing4-hydroxy-2-noneal (HNE), malondialdehyde 
(MDA) and acrolein (a group of α, β-unsaturated highly reactive aldehyde) [20, 21]. 
Therefore, these strong reactive aldehydes are significantlydiffusive, able to attack 
and form covalent linkages with auxiliary cellular constituents. Moreover, the lipid 
peroxidation process continues asself-propagation followed by initiation of chain 
reactions and termination either with complete substrate utilization or through 
interaction with antioxidants such as tocopherol (Vitamin E). Neuroprostanes 
(neuroPs), isoprostanes (IsoPs) are the additional LPO products of arachidonic 
acid and docosahexaenoic acid (DHA), that are quantified in the biological fluids to 
diagnose the severity of the disease. Furthermore, the cyclized fatty acids prolifer-
ate further and metabolize the cellular membrane components, mainly lipids and 
proteins, and propagates the other LPO products in the body fluids [22].

Quantification of reactive oxygen species, is perplexing either in vivo or in vitro 
due to their short half-lives. Consequently, to define the magnitude of oxidative 
stress, the more stable oxidation products can be measured in biological samples. 
The oxidative stress leads to the lipid peroxidation that involves the initiation, 
termination and propagation of lipid radicals, wherein, the process involves the 
oxygen uptake, rearrangement of the double bonds in unsaturated lipids, that leads 
to polyunsaturated fatty acid deterioration. Subsequently, the toxic signaling end 
products are considered as biomarkers of free radicals that act both as signaling 
molecules and as cytotoxic products cause covalent alteration of lipid peroxida-
tion products [23]. In respect of their oxidative-induced damage properties, these 
compounds are considered as disease mediators in the pathophysiology of many 
neurodegenerative diseases (NDs), including Alzheimer’s disease (AD), Parkinson’s 
disease (PD), and amyotrophic lateral sclerosis (ALS), Diabetes, Atherosclerosis, 
Chronic inflammation, Asthma and liver injury that serve as potential biomarkers 
in the signaling mechanism in diagnosis of diseases [24]. Thus, it is necessary to 
understand the oxidative deterioration of lipids in a sequential five-step procedure 
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in which oxidants, either radical or non-radical species, attack lipids containing 
C-C double bonds [25, 26]. On the contrary of enzyme-based lipid metabolism, 
lipid peroxidation does follow a non-enzymatic process that continues in ahysteri-
calmode: Initiation, propagation and termination (Figure 1) [27].

2. Mechanism of action of lipid peroxidation (LPO)

The process of LPO on membrane influences discrete functions from the 
increased rigidity of membrane, reduced action of membrane-confined enzymes, 
impairment of membrane receptors and modified permeability of the cell mem-
brane. Similar to phospholipid impairment, radicals can also directly attack lipid-
protein and membrane proteins mediate as well as protein–protein interconnection, 
subsequently affect the membrane integrity [28]. LPO products persuade such a loss 
of membrane integrity that ultimately leads to unadorned cytotoxicity, and could 
result in unrestrained cellular growth or even apoptosis. Rationally, the perturba-
tion of the above-mentioned functions ensued by polyunsaturated fatty acids, 
along with the resultant metabolites and protein insults modifies the neuronal 
homeostasis, and leads to the multi-organ organ dysfunction [29–31].

3.  Lipid peroxidation (LPO) products as biomarkers in 
neurodegenerative disorders

LPO products are significantly associated to the development of Alzheimer’s 
diseases (AD); and hence, they are studied as potential disease signaling biomark-
ers in neurodegenerative disorders. LPO products such as MDA, IsoPs, TBARS, 
and fluorescent lipofuscin-like pigments (LPF) extensively studied and found in 
different human samples (plasma, serum and urine) of the patients suffering from 
neurodegenerative disorders. (Summarized in Table 1).

Histopathological studies revealed a co-localization of lipid peroxidation 
products and β-amyloidplaques in the brain of the AD. Also, the studiy evident for 
the presence of fatty acids in AD brain lesions produced a neurotoxic effect in cell 
culture increasing oxidative stress [41]. Since the brain contains high lipid content 
and high oxygen consumption, lipid peroxidation seems to play fundamental 
role in AD early detection. Similarly, IsoPsand its isomers produced via diverse 
actions that, are encountered as marginal oxidation products of the arachidonic 
acid [42]. Whereas, neuroPsenriched in the neuronal tissue and vital component 

Figure 1. 
Oxidative deterioration of lipids.
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of the nervous tissues, awfully susceptible to oxidation [43]. Thus, the quantitative 
estimation of neuroPsaffords a significantsource of oxidative neuronal impairment-
corresponding to IsoPs [44].

Malondialdehyde (MDA) a signaling molecule of LPO has ability to interact 
with micro-macromolecules such as nucleic acid bases, developingdivergent 
adducts, and can also react with proteins in a synergistic and covalent manner, 
subsequently, leads to the stimulation of strong immune responses and exhibits 
pro-fibrogenic and pro-inflammatory properties/mediators such as interleukins, 
cytokines etc. Furthermore, accumulation of MDA modifies membrane integrity by 
inducing increased intra and extracellular permeability and damage the fluidity of 
membrane lipid bilayer. Being a most mutagenic, MDA is capable of reacting with 
deoxyadenosine in DNA and deoxyguanosine, thus generating mutagenic DNA 
adducts [21, 31].

As the consequence of peroxidation of PUFAs (linoleic and arachidonic acid), 
Hudroxy-2-nonrenal (HNE) are formed, since they are the most abundant in fatty 
acids. The HNE, specifically, bind to amino acids mainly: cysteine, histidine and 
lysine proteinaceous residue addition by either the amino and thiol groups. The 
conjugates of protein residue and HNE, leads to the impairment of the normal 
protein function as well as structure, and also HNE exhibits reactivity with vital 
nucleic acids, lipids, signaling biomolecules and vitamins. Documented reports, 
suggests that, the HNE accumulates in extremely low concentration (10 μM), in 
response to oxidative stress and induces cytotoxicity and selective suppression 
of inducible and basal NF-kB factors. Therefore, increased levels of HNE results 
in Ca2+ homeostasisimbalance, disruption of glutamate transport, membrane 
impairment, microtubule function, and cellular death via the activation of caspase 
pathways [28, 45].

Sr. no Biomarkers Biological 

sample

Analytical 

technique

Results Reference

01 8-Isoprostane Urine EIA AD <DrD*

AD+DM < DrD

[32]

02 Isoprostanes 

oxidized LDL

Urine ELISA Not differences between 

groups

[33]

03 8-Isoprotanes Serum ELISA Non-frail AD < Pre-frail 

AD*

[34]

04 Isoprostanes Urine EIA Non-frail AD < frail AD* [35]

05 Isoprostanes, 

Neuroprostanes, 

dihomo-isoprostanes

Urine RIA AD + placebo > AD 

treatment

[36]

06 MDA Urine GC–MS Not differences between 

groups after the 

treatment

[37]

07 MDA Urine UPLC-MS/MS Significant differences 

in groups

[38]

08 MDA Plasma HPLC-

fluoresce

aMCI converted >aMCI 

stable

[39]

09 MDA Blood HPLC-MS MDA blood levels do not 

correlated with different 

cognitive tests

[40]

Table 1. 
Signaling mechanism of lipid peroxidation in biological samples of patients.
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Threonine metabolite product, acrolein generated by the bio activation of 
phagocytes and cyclophosphamide. Wherein, acrolein targets histidyl, lysyl and 
cysteinyl residue of protein side chain as well as reactswith nucleophilic sites in 
DNA, that results in DNA and protein adducts and, thus, initiates cytotoxicity 
specifically related to its ability to reduce glutathione [46]. Docosahexaenoic acid 
(DHA) enriched in neurons, and is a vital compound of the nervous tissue. It is 
a vital compound of the nervous tissue and enriched in neurons and extremely-
susceptible to oxidation. DHA on oxidative stress, leads to the production of 
Neuroprostanes (F4-isoprostanes). In a biological aspect, neuroPsillustrates 
anti-inflammatory properties by inhibiting proteasome concentrated in the neurons 
membrane [45]. Nevertheless, the central nervous system (CNS) is one of the major 
targets of the LPO and proneto chain reactions induced by ROS, which eventually 
result in LPO products [47]. The role of LPO quantification in the pathogenesis of 
NDs is significant and extremely importance for the early detection of neurodegen-
erative disorders [45].

The most frequently exploited LPO products such as lysine residues and unsatu-
rated aldehydes, including HNE and aracolein [48]. Several research studies have 
been probing the LPO products and disease state interrelation, and its application 
as possible biomarkers in order to assess prognosis and establish early detection of 
the disease [49]. Among the above-mentioned potential biomarkers, IsoPssignifies 
the most reliable and robust outcomes. Moreover, the IsoPs accurately process and 
assessed the oxidant stress in vivovia quantification of plasma and urinary sample. 
Also, in situ phospholipids composed of IsoPs that locates the free radical produc-
tion and release from the cellular membrane via phospholipases in the plasma. 
IsoPs detected and quantified in a plethora of biological fluids including plasma 
cerebrospinal fluid, exhaled breath condensate, urine and bile [50]. On the other 
hand, neuroPs are a fundamental component of the nervous tissue, enriched in 
the neuronal tissue and extremely susceptible to oxidation [51]. Thus, the quanti-
fication of neuroPs provides a signaling biomarker of oxidative neuronal damage 
compare to IsoPs quantification. In addition, the quantity of neuroPs produced 

Figure 2. 
Lipid peroxidation (LPO) products as biomarkers in neurodegenerative disorders.
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from DHA surpass that of IsoPs from arachidonic acid by 3.4 folds. NeuroPsare 
elevated in the cerebrospinal fluid and brain tissue in ND, such as Parkinson and 
Alzheimer’s disease. Hence, quantification of neuroPs levels isa vital tool in evaluat-
ing brain oxidative impairment [52]. Whereas, crosslinking is a major factor in the 
development of pathology due to the promotion of intramolecular or intermolecu-
lar DNA and protein cross-linking, which results in intense change in the bio-
chemical properties of various biomolecules (Figure 1). This articulated process is 
assumed to be a channel of interrelation chain reactions with covalent nucleophilic 
compounds. Also, the translated and interconnected experimental indicators with 
precise altered proteins in the CNS exhibited those definite cellular amendments 
are in concomitant with pathophysiology of Neurodegenerative diseases. Thus, the 
revival of scientific data affords a comprehensive knowledge in the advancement 
and employment of LPO products as potential biomarkers in the early diagnosis 
of the disease, alteredbiological processes, revealing potential active sites to target 
disease progression (Figure 2).

4.  Lipid peroxidation metabolites as influential signaling biomarkers in 
asthma and airway inflammation

Oxidative stress at molecular and cellular level can have many detrimental effects 
on airway function, including airway smooth muscle contraction, induction of air-
way hyper responsiveness, mucus hypersecretion, vascular exudation and shedding 
of epithelial cells. Furthermore, ROS can induce cytokine and chemokine production 
through induction of the oxidative stress-sensitive transcription of nuclear factor–kB 
in bronchial epithelial cells [53]. Recently discovered series of bioactive prostaglan-
din (PF)F2-like compoundswere produced independently of the cyclooxygenase 
enzymes via the peroxidation of arachidonic acid, catalyzed by free radicals. The 
pathway leads to formation of 64 isomeric structures, of which 8-iso-PGF2α is most 
well characterized. Evidence suggests that 8-iso-PGF 2α may act in part through 
the vascular thromboxane A2/PGH2 (TP) receptor [54]. 8-iso-PGF2α has been 
found to elicit airway hyper-responsiveness in isolated perfused mouse lungs, and 
cause airway obstruction and air plasma exudation in guinea pigs in vivo [55]. These 
experimental findings offerassumption about the contribution of Isoprostanes to the 
airway narrowing that is characteristic of asthma and in addition to being reliable 
signaling marker of lipid peroxidation, Isoprostane may prove to have an important 
biological role in the pathological of asthma. A significant elevation of reactive 
oxygen species, MDA formation (A product of Lipid peroxidation) and Isoprotane 
was estimated in the broncho-alveolar lavage (BAL) fluidwithin 24 hrs of allergen-
induced asthma. This clearly indicates, Isoprotane is produce as a biomarker in 
respiratory tract tissues that leads to the late observed physical symptoms in allergen-
induced asthma [56].

A recent study demonstrated that concentrations of exhaled ethane were 
increased in patients with more severe bronchoconstriction (forced expiratory 
volume in one second (FEV1) <60%), compared with less-constricted patients 
(FEV1 > 60%) and provides evidence that lipid peroxidation is related to asthma 
severity. These relationships between markers of oxidative stress and disease severity 
suggest that such tests may indicate the clinical status of asthma patients [57]. The 
increased level of 8-sio-PGF2α concentrations has been observed in chronic obstruc-
tive pulmonary diseases and asthma [58]. The discovery of Isoprostane has generated 
attention, as they provide a reliable index of oxidative stress in vivo. Isoprostane are 
structurally stable, are produced in vivo and are present in relatively high concentra-
tions [59]. Traceable levels of F2-isoprostanes can be found in all normal animal and 
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human biological fluids (including plasma, urine, bile, gastric juice, synovial fluid 
and cerebrospinal fluid)), and esterified in normal animal tissues. Thus, they over-
come many of the methodological problems associated with other signaling markers. 
Determination of 8-iso-PGF2αas a marker of oxidative stress, of carbon tetrachloride 
(CCl4)-induced lipid peroxidation has been shown to be 20 times more sensitive than 
measurement of Thiobarbituric acid reactive substances (TBARS). Thus, the reliabil-
ity of isoprostanes as in vivo markers of lipid peroxidation makes them an extremely 
valuable signaling biomarker for defining the potential of antioxidant agents 
(Vitamin C, E and β-carotene) in humans [60]. A significant amount of elevated 
ethane produced following lipid peroxidation has been observed in plasma and breath 
condensate of asthmatics as a biomarker indicator of acute airway inflammatory 
diseases. Moreover, measurement of auto-antibodies directed against oxidative modi-
fications of low density lipids (LDL) is a recently developed technique that provides 
an in vivo marker of lipid peroxidation. Enzymes-linked immunosorbent assays are 
available in kit form, providing a quick and simple methodology. Thus measurement 
of isoprostanes in breath condensate should provide useful information concerning 
the degree of oxidant stress and success of antioxidant therapy in asthma (Figure 3).

5. Lipid peroxidation: a signaling mechanism in diagnosis of liver injury

Oxidative stress is one of the mechanisms involved in the pathogenesis of 
drug-induced reactive oxygen species which lead to the depletion of intracel-
lular antioxidants, causing an imbalance in the redox status of the hepatic cells 
[61]. Rapid, extensive lipid peroxidation of the membrane structural lipids due 
to oxidative stress mechanism involved in the pathogenesis of drug-induced had 
seen proposed as the basis of drug-induced hepatocellular toxicity. The most of the 
xenobiotics such as Acetaminophen, Isoniazid and Rifampicin are well-known to 

Figure 3. 
Lipid peroxidation metabolites as influential signaling biomarkers in lung diseases.
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induced hepatic damage directly or indirectly via lipid peroxidation [62]. However, 
peroxy radical attribute to lipid peroxidation, thus known for the destabilization 
and disintegration of the cell membrane, that further causes arteriosclerosis, 
hepatic and kidney damage. The increased serum markers such as MDA formation 
are of diagnostic importance of hepatic injury because they are released due to the 
damage of hepatocytes and consequently participate in endogenous enzymatic 
antioxidant system imbalance [63]. CCl4-ehanced lipid peroxidation has been 
observed in liver tissue homogenates, isolated hepatocytes and in vivo, and this 
has been associated with changes in endoplasmic reticular enzyme activity, in vivo 
fatty acid export and protein synthesis [64]. CCL4 metabolism enhances produc-
tion of malondialdehyde in vitro and increase ethane production and lethality in 
vivo (Figure 4). Consequently, lipid peroxidation initiated by free radical reactions 
and unchecked by compromised cellular defenses, provides a possible link between 

Figure 4. 
Lipid peroxidation: a signaling mechanism in diagnosis of liver injury.
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ethanol metabolism and associated liver disease [65]. The lipid peroxide content 
of liver is elevated by both short and long-term ethanol exposure and an enhanced 
rate of lipid peroxide formation following ingestion has been ascertained by MDA 
production, diene conjugate formation and in vivo ethane and pentane exhalation. 
Lipid peroxidation might merely be a sign of oxidative processes which occur after 
reduced glutathione is depleted concomitant with free radical attack on cellular 
protein and nucleic acid. The elevated MDA formation as a product of lipid per-
oxidation in drug-induced liver damage provide a significant biological signaling 
marker for the early detection or diagnosis of liver injury.

6. Conclusion

The oxidative stress inducing compounds mediates metabolic process of lipids 
mainly via peroxidation that leads to the production of macromolecules such as 
Isoprostane, MDA, 4-HNE in the biological fluids. Moreover, the aldehyde like 
molecules produced via lipid peroxidation targets and modifies proteins and DNA 
substantially at macromolecule level. Furthermore, MDA and 4-HNE known to 
promote cross linking of protein/DNA reactions that significantly alleviates and 
alters the biomarkers biochemical property, thereby develops a clinical symptom-
atic states. The use of validated signaling mechanism (s) of Lipid peroxidation and 
products derived thereof in basic and clinical research as well as in clinical practice 
has become common place, and their presence as endpoints in clinical trials is now 
broadly accepted. This knowledge can be used to diagnose disease earlier, or to 
prevent it before it starts. The signaling markers can be used to improve the efficacy 
and safety of existing medicines and to develop new medicines.
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ABSTRACT 
 

The renin angiotensin system (RAS) provides the most powerful regulation of blood pressure and 
angiotensin II is the primary mediator in this system. The binding of angiotensin II to AT1 receptors 
produces a number of potentially harmful effects that include increase in blood pressure, progression 
of atherosclerosis, myocardial and vascular hypertrophy. Losartan was the first angiotensin receptor 
blocker (ARB) which was found to reduce the risk of stroke and new-onset diabetes along with a 
proven benefit in stroke. The present study was designed to evaluate the effects of losartan on 
different biochemical parameters.  
Objective: To study effects of monodrug (Losartan) therapy on blood sugar, lipid profile, uric acid and 
serum electrolytes over a period of six months.  
Methods: Twenty-nine newly diagnosed patients of either gender with essential hypertension were 
included in the study.  Baseline readings of lipid profile, serum electrolytes, fasting blood sugar and 
uric acid were recorded before starting losartan monotherapy and were repeated after six months. 
Results: After comparing the means, there was a significant increase in HDL cholesterol and a 
significant decrease in serum uric acid levels after six months of losartan therapy. No significant 
difference was found in blood sugar and electrolyte levels.  
Conclusion: These findings suggest that losartan can be an attractive option for the treatment of 
hypertension and for metabolic syndrome. 
 
Keywords: Lipid profile; BSL; serum electrolytes; SUA (serum uric acid); losartan; essential 

hypertension. 
 

1. INTRODUCTION  
 
Hypertension is a major, common health problem, usually a progressive disorder and one of the 
leading causes of death and disability worldwide. It is a major risk factor for cardiovascular diseases 
[1,2]. Lowering of elevated blood pressure decreases morbidity from cardiovascular, cerebral and 
renal failure [3]. Essential hypertension is a condition where the cause for rise in blood pressure is not 
known [4]. The beneficial effects of antihypertensive agents on cardiovascular system can be counter 
balanced by the induction of metabolic disorders. The modifications in various metabolic parameters 
(like lipids, serum electrolytes, serum uric acid, blood sugar level etc.) are responsible for different 
adverse drug reactions of antihypertensive drugs. It might also have potential to produce secondary 
morbidities after long term use.  
 
Several studies comparing antihypertensive agents have shown differences in risk reduction in 
cardiovascular diseases (CVD) with a similar blood pressure lowering effect, suggesting that specific 
pharmacological mechanisms may be involved [2,3]. The renin angiotensin aldosterone system 
(RAAS) is targeted by some of the most widely used antihypertensive medication classes like 
angiotensin receptor blockers (ARBs), aldosterone antagonists ACEI (Angiotensin converting Enzyme 
Inhibitors) and direct rennin inhibitors [5,6]. ARBs are increasingly used in the treatment of 
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hypertension because of fewer side effects with blood pressure lowering abilities.  Losartan was the 
first ARB to be discovered. It is a competitive antagonist and inverse agonist with 104 times more 
selectivity for AT1 than AT2 receptors. It generates active metabolite which is more potent and non-
competitively blocks the AT1 receptor with higher affinity. Thus, blockade of AT1 receptors causes 
inhibition of vasoconstriction, sodium retention and reduces blood pressure [7,8]. 
 
The present study was designed to evaluate the effect of losartan monodrug therapy on different 
biochemical parameters. Various studies carried out with losartan showed no significant changes in 
the biochemical parameters. However, there have also been some studies which have shown 
significant favorable changes in the various parameters [9]. Therefore, the present study was 
designed to observe the effect of Losartan on different biochemical parameters in essential 
hypertension.  
 

2. METHODS 
 
It is an open prospective study conducted in OPD of medicine department of 50 bed   multi-specialty 
private hospital in Western Maharashtra. Newly diagnosed patients of either sex were selected as per 
JNC 8. The patients with either gender in the age group 18-70 years, newly diagnosed as per JNC 8, 
stage I and II of essential hypertensives without comorbidities were included in the study. The patients 
excluded from the study were those taking hypolipidemic, hypoglycemic, uricosuric drug therapy, 
combination/ multidrug antihypertensive treatment, chronic drug therapy, steroids or estrogen, 
subjects with any hepatic or renal diseases, pregnant, lactating females, females on contraceptives 
and subjects with chronic history of smoking and alcoholism.  
 
Twenty-nine patients, newly diagnosed, with mild to moderate hypertension were enrolled after taking 
informed and written consent. Before administering losartan, baseline blood pressure and biochemical 
parameters like lipid profile, serum electrolytes (sodium, potassium and calcium) uric acid, fasting 
blood sugar level (BSL) were recorded. After overnight fasting of 12-14 hours, blood sample was 
taken for laboratory investigation. Mono therapy with losartan (Dose range: 20- 50 mg OD) was 
started and follow up of blood pressure was carried out every month. The same biochemical 
parameters were measured after six months of losartan mono drug therapy. Institutional Ethics 
Committee (IEC) approval was taken prior to the initiation of the study. Study protocol and informed 
consent forms were also approved by Ethics Committee. Statistical analysis was done using version 
20.0 SPSS software. Student’s ‘paired t’ test was applied for statistical analysis of data. The data was 
expressed as mean ± SD with t- value, p- value and p< 0.05 was considered as statistically 
significant.  
 

3. RESULTS 
 
In the present study, it was observed that there was non-significant decrease in TC, TG, VLDL, LDL 
and very highly significant increase in HDL. Also, very highly significant decrease in serum uric acid 
(SUA) level was observed with losartan monotherapy. There was non-significant decrease in fasting 
BSL after receiving losartan. There were no changes in sodium, potassium and calcium levels.  
 

Table 1. Effect of losartan on lipid profile 
 

Losartan (n=29) 
20mg – 50mg 

        Mean ± SD t-value p-value 

Before After 

Lipid Profile 
(mg/dl) 

TC 191.59±26.40 188.69±23.39 0.8400 0.4070 
TG 118.97±14.05 118.24±11.82 0.4200 0.6780 
HDL 43.97±7.58 47.79±8.12* −4.5400 <0.0001 
LDL 123.79±22.40 117.24±17.01 1.9900 0.0560 
VLDL 23.82±2.79 23.6±2.38 0.5000 0.6240 

Student’s paired t-test: *p<0.05 
Value expressed as mean ±SD; paired t test *** p< 0.0001 very highly significant (baseline vs 6 months). 

Abbreviations:- TC- Total Cholesterol, TG- Triglycerides, VLDL- Very low density lipoproteis, LDL- Low density 
lipoproteins, HDL- High density lipoproteins 
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Table 2. Effect of losartan on serum electrolytes, serum uric acid and fasting blood sugar level 
 

Losartan (n=29) 
20mg – 50mg 

Mean ± SD t-value p-value 

Before After 

Electrolytes 
(mEq/ L) 

Na+ 139.51±3.66 138.41±3.05 1.5400 0.1350 
K+ 4.13±0.36 4.04±0.25 1.3100 0.2000 
Ca++ 9.47±0.60 9.53±0.51 −0.6900 0.4940 

SUA (mg/ dl) 4.02±0.72 3.61±0.45*** 4.7600 <0.0001 
Fasting BSL (mg/ dl) 83.97±12.66 81.21±11.44 1.7200 0.0970 

Student’s paired t-test: *p<0.05 
Value expressed as mean ±SD; paired t test *** p< 0.0001 very highly significant (baseline vs 6 months). 

Abbreviations:- F BSL- Fasting blood sugar level, Na+- Sodium, K+- Potassium, Ca++- Calcium, SUA- Serum Uric 
acid. 

 

4. DISCUSSION 
 
4.1 Effects on Lipids  
 
Dyslipidemia is more common in untreated hypertensives than normotensives where increase in lipid 
levels is seen as the blood pressure (BP) is increased. Many studies have shown that total 
cholesterol, TG and virtually all fractions of lipoproteins are frequently abnormal among hypertensive 
patients when compared to the normal population [10]. High levels of serum cholesterol are known to 
increase the risk of developing macrovascular complications such as coronary heart disease and 
stroke. Plasma HDL levels are inversely related to the risk of atherosclerosis and CVD [11]. The main 
objective of this study was to compare baseline levels of lipid profile with lipid levels obtained after six 
months of losartan mono drug therapy [12]. 
 
The present study showed that on administration of losartan, there was a slight decrease in the levels 
of TC, TG, LDL and VLDL. However, these changes were statistically insignificant while there was a 
significant increase in HDL levels. There are numerous studies which are in line with the present 
study result [13,14,15]. An increase in adiponectin levels have also been observed with ARBs [16]. 
They are reported to be linked to an elevation in HDL cholesterol [17] which is an observation that 
supports our present findings. Hanefeld M et al in their study, observed the effect of ARB (Valsartan) 
on lipid profile [6]. There were no significant changes in levels of TG, VLDL and marked decrease in 
LDL levels were seen with valsartan monotherapy. According to them, the possible mechanism that 
contributed to the beneficial effects on lipids was a reduction in catecholamine levels by AT1 receptors 
antagonists [18]. Various studies are in contrast to the present study findings [19,20]. This contrast 
may arise due to variation between doses and the duration of drug treatment in various studies. 
 

The wide uses of ARBs for the treatment of hypertension and hypertension related organ damage 
have succeeded in reducing the onset of cardiovascular diseases, preventing organ damage and 
cardiac death. These beneficial effects of ARBs are largely dependent upon their primary effects on 
lowering of blood pressure. This group of agents exerts a wide variety of biological effects on vascular 
metabolism including antioxidative and anti-inflammatory actions [21]. These pleotropic actions 
therefore play a role in cardiovascular protection.  
 

4.2 Effects on Blood Sugar Levels  
 

In the present study, a slight decrease in blood sugar levels were observed, which was insignificant. 
There are number of studies which demonstrate that ARBs do not show any significant changes in 
blood sugar levels [13,14,22]. Certain studies stated that treatment for longer periods or with higher 
doses, was associated with a significant fall in the BSL [23]. The fall in BSL, be it significant or non 
significant, can be explained on the basis of following mechanism. 
 

4.2.1 Activation of PPARγ  
 

Peroxisome Proliferator – activated receptor gamma (PPARγ) represent a family of ligand activated 
nuclear receptors involved in glucose and lipid metabolism [22,24,25]. Pharmacological activation of 
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PPARγ improves glucose tolerance and insulin sensitivity in type 2 diabetes patients, thus proving 
that PPARγ agonists are clinically useful in ameliorating type 2 diabetes [26]. Another underlying 
mechanism possibly involved in the reduction of new-onset diabetes is RAS inhibition [27]. From a 
therotical point of view, preventing type 2 diabetes mellitus by RAS inhibition may result from a 
preservation of β cell function and/ or an enhancement of insulin sensitivity, thereby decreasing the 
need for pancreatic insulin secretion [28]. Targeting RAS may lead to alterations in microcirculation 
and changes in ionic status that indeed could potentially affect the islet insulin secretion as well as the 
cellular insulin action. However unexpected insulin mechanism may also play a role, as newly 
recognized components of the RAS have been observed to modulate cardiovascular and renal 
regulation or even adipocyte turnover [29]. Besides, a pure haemodynamic effect on cellular insulin 
action, by blocking angiotensin II has also been described [30].  
 
Therapy with ARBs shows improvement in glucose metabolism. Large clinical trials has evaluated the 
effects of ARBs on cardiovascular end points. An analysis of comorbidity showed that such therapy 
with ARBs substantially lowers the risk for type 2 diabetes when compared with other antihypertensive 
drugs and placebo [31]. 
 

4.3 Effect of Angiotensin Receptor Blocker (ARBs) on SUA 
 
Hyperuricemia has been associated with endothelial dysfunction, impaired oxidative metabolism, 
stimulation of granulocyte adherence, increased platelet aggregation and all these are implicated in 
the pathogenesis of hypertension. Hyperuricemia may be a precursor of hypertension or be a 
reflection of subclinical renal dysfunction may cause both increase in serum uric acid level and 
increase in blood pressure [32]. Elevated serum uric acid in hypertensive patients has been 
associated with 3-5 folds increased risk of coronary artery disease or cerebrovascular disease 
compared with normal uric acid level. Lowering serum uric acid level might be beneficial in slowing 
progression of CVD (Cardiovascular Disease) in hypertensive patients [33,34]. 
 
The presence of elevated uric acid defined is ≥ 7mg /dl levels has been linked to multiple  
comorbidities incluinding  gout hypertension chronic kidney disease (CKD), diabetes, obesity & heart 
failure. In our study, a highly significant fall in serum uric acid (SUA) level was observed with losartan 
monotherapy. There are numerous studies which shows that ARBs and in particular losartan 
demonstrates a significant reduction in SUA levels [35].  
 
The mechanism involved in this process may be explained as follows: 
 
4.3.1 Reabsorption of uric acid transporter URAT1 and secretion via other transporters 
 
URAT1 mainly contributes to renal absorption of uric acid across the apical membrane of proximal 
tubular epithelial cells. Since URAT1 is an anion/ uric acid exchanger and compounds like PZA 
(Pyrazine carboxylic acid) and lactic acid stimulate the reabsorption of acid, modulation of URAT1 may 
occur due to reduction and increment of SUA levels by cis inhibition and trans stimulation of URAT1 
respectively by ARBs. Losartan exhibited inhibitory effects on the uptake of uric acid by URAT1. The 
hypouricemic effect of Losartan may be due to the fact that Losartan targets the urate anion exchange 
and decrease urate absorption in the proximal convoluted tubule. As a result, urate excretion is 
increased which leads to increased renal uric acid excretion [36]. However, there are certain studies 
that show ARBs do not any effect on SUA levels [37]. Such studies are in contrast with our study 
findings.  
 

4.4 Effect of ARBs on Serum Electrolytes (Na+, K+, Ca++)  
 
Losartan showed no change in sodium, potassium and calcium levels in the current study. There are 
studies which display non significant changes in serum electrolytes on treatment with ARBs. The 
present study shows a decrease in sodium levels, but not significant. This decrease can be explained 
by the action of ARBs in promoting renal excretion of sodium and water (natriuretic and diuretic effect) 
by blocking the effect of angiotensin II in the kidney and by blocking ang II stimulation of aldosterone 
secretion [38].  
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In some studies, hyperkalaemia has been observed on the treatment of ARBs, which can be 
explained on the basis of following mechanism- Bakris GL et al investigated the impact of ACEI and 
ARBs on potassium in renal failure. They exhibited that in presence of renal insufficiency, the ARBs 
do not raise serum K+ (to the same degree as ACEIs). Effect on serum K+ is related to a relatively 
smaller reduction in plasma aldosterone by ARBs and not related to changes in GFR. Thus, treatment 
with ARBs, especially in patients with renal insufficiency is less likely to affect the serum K+ levels 
[39]. In present study, ARBs have shown, a non significant decrease in levels of potassium wherein 
the values lie within normal limits.  
 

5. CONCLUSION 
 
The results of present study are an important step to better understand the clinical efficacy of losartan 
especially in hypertensive Indian population. In conclusion, losartan is an efficacious antihypertensive 
but offers highly significant increase in HDL and highly significant decrease in SUA level. Thus, the 
metabolic effect of antihypertensive drugs could be of special importance in long term treatment of 
essential hypertension. It suggests that losartan is an attractive option for treatment of hypertension 
as well as in hypertension associated with hyperuricemia, gout, hyperlipidemia, type 2 diabetes 
patients and in patients with metabolic syndromes. 
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Hyperglycemia and Hypoglycemia

theLong-termCareofElderlyDiabeti

Wlth  the  aguig  of the  population  and  longer  life  expectancies,  the  prevalence  of  population  with

multiplechronicmedicalconditionshasincr6ased.Itisdifficurttomanagetheseconditiorisaspeople

age  has  led  to  more  individuals  with   multiple  medlcal  condltions  admitted  to  the  long-term  care

facIlltles.0lderadultswithd|abetesresidlngliithelong-termfacllitiesrepresentthemostvulnerableof

thlsCohortTheyareatahigheriiskofhypc\cjlycemiaformanyreasons,incliidHnglnslHHld€f'r'encyand

Progressive   lenal  Hisufficiency   Also,  older  adults  teric!  to  have  higher  rates  of  lJnldentlf'    t'     Ognitive
deficlts,ccluslngdlffiiultyincomplexself~cdre.Oiderpatlentswlthtype2diabetesmellltus(T2DM)are

at  a  hlcjher  risk  of developing  cognitive  impairment  and,  therefoie,  die  in  danger  of belng  unable to
Self`managethelrd|seaseTopreventfurthercomplicationsfromT2DM,patlentscanself-managetheir

glucose  levels  and  medication  Intake.  Hypoglycemic  events  should  be  metlculously  monitored,  and

glycemlc  targets  may  need  to  be  adjusted  to  accommodate the changing  requirements  of the older
adult.

`-p.in

S`Q¥L:\t   IN"ODU(TloN

'IIIC`  cl(len.l}J  p()pulcition  is  one  ol` the  lm)`„  (tis-

(`llssed  glol)al  I)henomeiia  in  the  pi.c`sent  clay.I

Ct)llntl.ic`  `,\Ji(h  an  ilicrL.asiiig  I)t)I)Ill:ltit)11  like

lndi€`  h{ive {i  large  numb.er of people  n()w age(I
over60ycz`rs(irniorc.Inthelastfivedcc€ides,the

Pe()I)ll`  ovel. 60  years  has  trii)led  {`ml  incl-casetl

.             `Shol.tly.  Ac`coi.diiigtocensus2011,  older|)coplL`
`        €lI.e{}.14% ofthetotal population.'lhei)I.ojections

for  the  people  over 60 yecii.s  in  tlu?  next  folH.
Censusesai.el33.32million(202l),178.59('20`?I),

236.0lmillioli(204l),a|id300.96millioll(2(J5l).I
rlhein(`reaseintheelder|ypoi)ukiti(mistllc'reslllt

()f  l`Ilall8ill`thr  fcl.tility  a|id  lil()I-tality  I (`8illl(```  ()\  C`l

thulasHi\Jc(I(`c{`(]es.01derili(1ivi(luals{Hehlghly

Pronctomeiit€`1m()rbiditiesdiietotheagin.gofthc

I)rain,  I)rot)lems €``ssoci€`ted witli I)hysical health,

eel-ehi.al  I)nth()1ogy,  s()cioec()n()mic fi`ct()rs such

as the hreakdowli ol. tl`i` I.amily `support systems,

alitl  a  tlecrease  in  econ()mic  independence.
The mental  clisordei.s  frequently encountered
include  demelitia  aiid  mood  disorders.2 Other
(`omplications inclu(1e neurotic and personality
disoi.ders,  drug  aml  alc()h(il  al)use,  delirium,
Alzheimei.'s, and mental psychosis. Never.theless,
undei.staiiding  the ,aging  proces_s  remains a
challenge.  Mciny  diffei.ent  clinicians  practice

gc`i.iatl.ic  medicine  in  ci  wide  variety or settings:
I-Iosi)ital wai.ds, oiiti)€`tient clinics, dciy hospitals,

geni`ral  I)I.{ictitionei-siirgcries,  ctire  homes,  and
llli`  I){ltieiil'`s  owii  li()mc.`''

I)iabetc``s is a `sigiiil`ic{int hetilth conclition for

the€igingpe()plc;€itle€ist207")fpatientsovei.the
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TABLE  1 :  Framework for considering  treatment goals for glycemia,  blc`od pressure, anc; dysllpidemia  in  older

adults with diabetes.

E-:-i.____i.___-_--I-:i-=T=-=---I:-:_:-ThfEEEEEi
Healthy (few
coexisting chronic
illnesses, intact

cognitive and
functional status)

Complex/
intermediate

(multiple coexisting
chronicillnesses-.`'

or 2+ instrumental
ADL impairments or

mild-to-moderate

cognitive impairment)

Very complex/poor
health (long-term

care c`r end-stage

ch ron ic  i I I nesses x.*

or moderate-to-
severe cognitive

impairment or 2i   ADL

dependencies)

Longer                      <7.5%
remaining  life

expectancy

Intermediate          <8.0%

remaining  life

expectancy,
high treatment
burden,
hypoglycemia
vulnerability,

fall  risk

Limited                        <8.5o/ot

remaining  life

expectancy
makes benefit

uncertain

90-130                90-150         <140/90       Statin unless
contraindicated
or not tolerated

90-150                  100~180       <140/90        Statinunless

contraindicated

or not tolerated

100-180               110-200       <150/90       Considerthe

likelihood

of benefit
with a statin

(sa.Eondary

prevention
more so than

primary)

\AL)L.cictivitiesofclcii1y1iviiicj)

\    Coexisting  chronic  tllne5ses  are  conditions  severe  enough  to  require  niedications  or  lifestyle  managenlent  and  may  include

arthritis,  cancer,  congestlve  heart  fciilure,  depresslon,  emphysema,  falls,  hypertension,  incontlnence,  stage  3  or worse Chronic

kidney dlsease,  myocardial  infcirction,  and  stroke.  By "multiple," we  mean  at  least  three,  but  many  patients  may  have five or

nlore.r`

"The  presence  of  a  single  end-stage  chronic  illness,  such  as  stage  3~4  cong!)stive  heart  failure  or  oxygen-dependent  lung

disease,  chronic  kidney  disease  requiring  dialysis,  or  uncontrolled  metastatic  cancer,  may  cause  significant  symptoms  or

impairment of functional  status and significantly reduce life expectaiicy.
i    Al c of 8.5% equates to an estimated average glucose of `200 mg/dL. Looser glycemic targets than this may expose Patientsto

acute risks from glycosuria, deliydration, liyperglycenijc hyperosniolar syndrome, and  poor wolmd healing.
t    A  lower  Alc  goal  nlay  he  set  for  an  Individual,  if achievable  withoi„  recurrent  or  severe  hypoglycemia  or  undue  treatment

bl'rden.

rvore.. Thls  represents  a  consensus  framework  for  Considering  treatment  goals  for  glycemia,  blood  pressure,  and  dysllpidemia

in  older  adults  with  diabetes. The  particular  patient  categories  are  general  concepts.  Not  every  patient  will  undoubtedly fall

into  a  specific group.  Consideration  of patient  and  caregiver  preferences  is  an  essential  aspect  of treatment  individualization.

AdditionaHy, a patient's health status and preferences may change over time.

Source.. American  Diabetes Association.  Older Adults:  Section  1 o.  Standards  of Medical  Care  in  Diabetes-2015.  Diabetes Care.

2015;38(Suppl.1 ):S67-9. Ref. Foc)tnotes

and unpreclictal)1chypoglycemia, asthegeriatric      with  type 2  diabetes  mellitus  (T2DM)  in long-

population  is  less  likely  to  take  advantage  of
I.c`ducingtlieriskol`microvasc`iilai.complicatioiis

and  moi.e  likel\J 1o  `suffcl. scri(iii`s adverse  effects

t`i.om  hypogly(`erii ia."

I)()rnei.  8iii(lc`liiii```   alltiw   (.()r   li[iei-aliza[i(ti`

ot` the dietary treatment  ol` di{`betes  in  peoi)le

term  care  facilities.'°  rrhc  cai.e  team  should
work  logcthc`r  to  promote  si)ecific  policies

an(1  I)roloc()ls  in  the  facility  to  €iddress  how

illdi\'i(liial  T2I)M  p{`ticnts  assess(`(1,  £`ncl  which

tlicts  olTci.e(I  its  an  acljiinc[  to  li.eatmcnt.  C€ii.eful

mollitoring ol`bloocl glucose levels, medications'



H).i)erg!ycemia  and  Hypoglycemia  in

and response  to  treatml`n`  lil:l}   i,llth`r  |o,   lil()[e

iberalizationOftllefood.I)1et1il]el:iliz,atioiica,I_   ._i__.     I_    _   _   I-I_        _   __    _I.

to promote  better llealth  ancl  improved
o-f life for our elclerly residents. Although
iycemia control may be necessary for
dividuals with diabetes, more significant
ons in morbidity and mortality ai.e likely
tfromcontrolofothercardiovascularrisk
rather than from tight glycemic control

alone.ThereisSubstantialevidcncefromc|inica|
a|s of the value of treating hypertension in theffitl

elderly.7J8'Ihel.eislessevidenceforlipid-lowering

and aspiriil  therapy,  altllough  the  bcnel`its  of
t}iese intervelltions  for  Pl.imary  anc]  sccon(|ai-y

;rheovseen,tj[f:I:x?I;:cij:tne:}e:°a,€'e!':'t!T{[€t`;Jot:I:.'xe;e{;,:iL:!][:
time frames seen in clinical tri£`|s. I I

t,to        Consjdert

ljkeljhood

of benefit
With a stati

(secondary

prevention
more so the

Primary)

fj|imeiit  and  may inclu
`,(age 3  or wo,rse chroi

rlatlents  may have five

oxygen-dependent  lun
`ignjficant  symptoms

{j may expose patients t

",dl"lg.

iiiia  or  undue treatmen

assure,  and  dyslipidemi
>nt  will  undoubtedly fal

itment  jndividualizatio

is-2015.  Diabetes Care.

i (T2DM) in long-
`.'ll-e  team  should

`i)c`cl.(`I.t`   ijo!jcies

'`   lo  a(Idrcss  how

•`'is(,(I,   :Ill(I   \,\/hich

( I.t`{i i in ci` I I ( .  c{i reful

"`Is, niedications,

ffl  HYPOGLY(EMIA AND HYPERGLYCEMIA

With the  aging  of the  poplllation  tand  longer
life expectancies,  the  prevtilence of popiilati()n
with  multiple   chronic   me(lical   conditiolis

has  increased.   It  is  dilTiclilt  to  m{m€ige  lhe`se

corfditions as  I)co|tll. agi'  ( hi'(`au"> ol` i`hangi.s  i,I

physical,  fllnctioni`I,  oi` (`081 lili\'i`  {lllilitii`s  aiitl  lht`

complexity ot`man}' ti.eatmi.nt I.iigimons) has lil(I to

moreindi\-idufllswilllmulliplcini`dji`alcoiiclitions

admitted  to  tlle  l()ng-tei-in  Gal.c  l`€ii`ilities.  01tl{il.

adults with  dial)etes  ri``siding  in  thL`  long-term

facilities  represent  the  most villnerable  ol. this
cohort.  Studies that specifically target diabetes
management  in  older population  are  l{`cking,
and those that  fociis diabetes management in
the extended  rim  care  I`acilities are eveii  fewer.
The lack of knowledge I.egarding the carL` ol` the
elderly residing in  long-term  c€ii.L` with  diabetes

maylead to ti.e€itment I.ailiii`e all(I a liigher risk or

hyperglycemia as well as hypoglyceinia. In aging

populations, hypoglycemia has tlie potential fol-
Catastrophic  consequeiic`i.s.  To  avoid  this,  the
management of older poi)iilation  with  dial)etes
and  other  medical  c()Inorbidities  residillg  in
long-tei.in cai-e facilities rcqiiii.cs a nioi-e holistic

approach compai.ed with fociising on individii{il
Chronic disease goal achicvcment. '2

Older  adillts  ai.e  at  a  higher  risk  or hypt)~

glycemia  for  many  reasons,  incliicling  insulin
dcriciclic}/  {ind  i]i.ogi.cssi\'ii  I.cnal  iii`sumciont`}r.

Also,  older  aclults  lc`nd  1o  have  highL`r  I.€itcs  of

ti`ic-Lot-tg-teriTi  Care  of Elderly

lilli(]ciiLilic.(it`tjgiiiti\c`tlel`icits, causingilifti
in  coini)lea  `self-cart.`  activilics  (c.g.,  gluc

monitoriiig and  ad).usting insulin doses).  Tl`

deficits have been associated with increased risk
of hypoglycemia and with severe hypoglycemia
linked to increased dementia. Therefore, it is
essential to screen older adults for cognitive
dysfunction routinely and discuss findings with
the caregivers.  Hypoglycemic events should be
lncliculously monitored and glyccmic targets
may nccd  to be adjusted to accommodate the
changing requirements of the older adult.7'!!

PHARMA(OLOG](ALTHERAPY

I'articul€lI.  carL`  is  I.eiiliirecl  in  prcscribiilg  {m(I

monitoring   I)harmac()logical   ti.eatmelit   in

older  acliilts.  Ctjst  may  be  a  sigiiil`icant  factoi.,

mainly since  older  a(liilts  tencl  to  be  on  maiiy

mecljcalioiis.  Metforinin  is  contraindicated

beca'Lisc  of.renal  insufficicnc`y  oi-significant

heart  l`{iiliire.  Tliiaz.oiidincdjoncs,  uLscd  €il  all,   h

shoiil(I  l`)e  iised  very  L`€iutioil`sly  in  t`hose  with,

01.  £i[   I.isk   foi.,   coilgesti\'e   heart   I``{`ililrt`   an(1   h{`.\Ji`

iisstii`iali`t!   \\ilh   fiiit.tiHc's.   Siill`tm\'IiH-(`{``,   01li(H.

ill`UliH   ``(`(`li`I(t808U('`,    {m(I    ill`lilill    (`aH    (`{iu`(I

h.\'i)og1}'(`oniia.   I'ati(mt``  or  i`i`il`8i\'i`i I  illu`l   ha\'(`

i`x(`i`11l`nl  \'isual   ilnil   motol.  skills  {ul(I  (`oLrlliti\'(`

al)ilit}',   if  ilisiilin   use  is   re(iuire(I.   Glu(`{igon-

like  I)ci)liile-I   (GI,P-1 )  agonists  alid  (lil)i`|jtid}'1

peptidase-4  (I)1'1'-4)  inhil)itors  h€iv..  few  sidL`
effects,  biit their costs may I)e a I)ai-rier to sonie
older  patients.  A  clinical  trial,  SAV()R-TIMI  53

(Saxaglii)tin Assessment of. Vasc`ular Outcomes
Recor(1c`(I  in  P{itients  with  I)itil)etes  Mellitiis-

Thr(mib()lysis  in  Myocai.dial  Infarction  53),

evtlluatcd saxaglii)tin (a I)PI'+4 inhit)jt()r) and its

imp{ict on cardlovascular outc()nles. I :

RE  (ON(LUsloN

Ill  olcl  T2DM,  trcatmclit  of hyperglyccmia  has
to  be integrated  into glol)al  and  individualized
cal.c.   Geri{itric  as`sessmem   in   addition  to
avoidiiig  lethal  complications  of dial]etes,  the

prevention of dcci.ease in the level of functional
inde|)elldcncc  is  the  I)rimal.}J  `Lro{lI  ()f this  care

an(I imi)lemeiited i)y takiiig into account the type
or  ii{`liJ`.lit,   \Jigoi.tlus,   o1.  I`i.z`il.   F`oi.  the  deiiendcnt

I)iilicnl,   imintiiiniiig  coml.oi.I   I)ecomes  the
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this  assessmclit,  en:jiirc  the

ilieritpeiilic  aiid  glycemic  goals.1be  ch()ice  oi`

the[.apeutic tools  is  a  function  of fixed  goals,
of comorbidities, of the organization of care at
home or in nursing homes, and of the iatrogenic
risk,  in particular, the undernutrition and the
hypoglycemia.L30lderpatientswithT2DMareat
ahigherriskofdevelopingcognitiveimpairment
and,  therefore,  are in danger of being unable
to  self-manage  their disease,  according to  a
new  study. To  prevent  further coinplications
from  T2DM,  patients  can  self-manage  their

glucose levels and medication intake. H()wever,
older p€`ticnts who have had diabetes for a moi-e
cxlcn(I.ccl  pe[.i()ci  may  cxi)ei.ience  mcinory  loss

flnd  ()thci-c()gnitive  dysfunctions,  which  can
hilldei.  lhcii-ability  1o  manage  their  disease

I)rot)ei-ly.  "Older  people  with  T2DM  ai-e  at
incl.eased   risl(  for  cognitive  dysfunction,"
I.eseai-chei.s concluded.  "Changes  in  cognition
maynegativelyaffectdiabetesself-management
behaviors,  influencing  self-cat.e  outcomes."'4
rille  development  ol` referral  critci.ia,  ri`i()des  i-;f

rai)ill  fisscssm(`nl,  joiiit  \\J()rking  I)I.actices,  :`n(I
"oiitri`£`ch"   lo  all  czii.c  s(`(tings  and  diagnosti(`

!il.out)i  ar(J esse!itial  i`ompoii(`nts,  \\'hich  ai(`  not

}'t"   (.lllly  lll`\'clo|)cd.   Gi`I.iatri(`iali   lmist   i)i`   al)lil

to  \,\ioi.k  iirl.iicii\rely  in  ai.`iite  hositi`€`ls,  loiig~tLHnl

(`are fai`ilities, and the community, incli`cling the

oldci.  patient's home.:! rlhus,  geriatrii`  medicine

maintains  the  art  ol` medical  practice,  using
the  I-cc`ent  knowledge  in  biology  and  mediciil
scicnces, aiid deals with the popultition with the
highest level of in()rbidity and lowest function.

RE  [DITOR'S NOTE

The  management  of T2DM  in  oldel.  adults
I.equires   a  holistic   understanding  of  the
relationship  between  the  disease  and  the
l`iinctional,  psychological/cogniti.vc,  and social

gcriati-ic  issues,  so  as  to  individuali7,e  both
gl}Jccmic tai.gets and therapeutic approaches.
In this article,  Dr Jali highlights the clinical and
functional.hetei.ogeneity that complicates the
long-tei.in  care  of eldei.ly  diabetics,  the  risk
factoi.s  (.or hy|iei.glyccmia/hypoglycemia  in  this

I)()I)ulatioli,thebalanceofglycemictai.getgoals,
{`nd  the  choice ot` phariiiac()logical ther€ipics  in

tliis I)€`ticiit  gi-oui). rl`i.catmcnt ancl  mal`tigemcnt

itrioriiy  goal.   [`'rom

bi-oadi.angeofcomorbidities,functionalabii
socioeconomic status, and life expectancy.
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INTRODUCTION 

Prosthodontic treatment, whether involving complete or partial 

coverage and natural tooth or dental implant abutments, commonly relies on 

indirect fabrication of definitive prostheses in the dental laboratory. 

Historically, the necessity for provisional treatment has been primarily 

derived from this methodologic process. The importance of interim 

treatment, however, is more far reaching than is portrayed by this procedural 

necessity and the requirement for satisfactory provisional restorations differ 

only slightly from the definitive treatment they precede'. Kaiser2 and others3,4 

identified multiple areas of concern with provisional restorations including 

the esthetics, comfort, speech and function, periodontal health, 

maxillomandibular relationships, and continued evaluation of treatment plan. 

Biologically acceptable fixed prosthodontic treatment demands that prepared 

teeth be protected and stabilized with provisional restorations that resemble 

the form and function of the planned definitive treatment 5. They can assist in 

the maintenance of periodontal health and promote guided tissue healing by 

providing a matrix for surrounding gingival tissues. This is especially useful 

with treatment involving highly esthetic areas. 
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Besides the immediate protective, functional and stabilizing value, 

interim restorations are useful for diagnostic purposes where the functional, 

occlusal and esthetic parameters are developed to identify an optimum 

treatment outcome before the completion of definitive procedures. A 

provisional restoration will provide a template for defining tooth contour, 

esthetics, proximal contacts and occlusion and for evaluating the potential 

consequences from an alteration in the vertical dimension of occlusion. 

Provisional treatment can also provide an important tool for the 

psychological management of patients where a mutual understanding of 

treatment outcome and the limitation of treatment can be identified. 

The use of provisional restoration relies on a reasonable turnaround 

time from tooth preparation to completion of definitive treatment. 

Provisional treatment is usually well tolerated when this occurs. Longer 

periods of use can promote tooth sensitivity and potential pulp damage. 

Occasionally, however, interim treatment has to function for extended 

intervals and provide long time tooth protection and stability while 

conjunctive treatment is accomplished. These procedures are especially 

useful while the periodontal health status of an abutment tooth over an 

extended period of time is evaluated. Long time provisional treatment also 

allows for improved interproximal access during periodontal therapy. 
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Maintenance of long term provisional restoration in concert with procedures 

such as alveoloplasty, tissue augmentation, dental implant placement, 

endodontic therapy, and orthodontics are frequently useful. 

It can be challenging for practitioners to justify the use of provisional 

treatment because of its "temporary" nature, especially when the time 

required to produce a suitable interim restoration equals that spent for tooth 

preparation and impression making. However, exclusion of this essential step 

and the quality of provisional restoration can be the difference between 

overall treatment success and failure. The terms provisional, interim, or 

transitional have been routinely used interchangeably in the literature. The 

use of  term �temporary� however, is controversial and is considered 

inappropriate by some because provisional restorations serve many 

functions, and "temporary" treatment may be interpreted as one of lesser 

importance or value. Provisional restorations should be same as definitive 

restorations in all the aspects, except for the material from which they are 

fabricated. Provisional treatment, as an adjunct to some procedures such as 

porcelain veneers or implant prosthodontics may be occasionally 

unnecessary. 
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The objective of this dissertation is to review provisional fixed 

prosthodontic treatment and to focus on the material science and clinical 

considerations involving natural teeth and dental implants and the 

interrelationship between provisional and definitive fixed prosthodontic 

treatment. Materials used with provisional treatment are discussed in terms 

of clinical selection and the influence of their physical properties on 

treatment outcome.  
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REVIEW OF LITERATURE 

 

Talkav L (1952)6 described and classified different materials and 

methods used for the fabrication of temporary acrylic fixed bridgeworks and 

splints. He classified the materials into those made with cold cure acrylic and 

those made with heat cure acrylic. He also described three techniques, 

namely the plastic crown form, aluminum shell and crowns prepared from 

alginate impression of prepared teeth. 

Leff A (1953)7 described a technique of forming temporary restoration 

using alginate impression and self-cure acrylic resin. 

Langeland K and Langeland LK (1965)8 studied the reaction of pulp 

to preparation, temporary restoration and final cementation. The authors 

cautioned against the use of self-curing resin in direct contact to the prepared 

abutments and recommended a well-fitting preformed crown with thick mix 

of ZOE cement for favorable pulp response. 

Ragman SS (1965) 9 emphasized the need for proper contouring of the 

temporary restoration to promote deflective protection of gingival sulcus and 

to permit proper stimulation of gingival tissues. 

Fisher OW, Shillingburg HT and Dewhirst RB (1971)10 showed 

that fit of the temporary restoration is improved by using indirect technique 
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by allowing the acrylic to cure on plaster cast rather than on tooth. 

Sotera AJ (1973)11 listed out the functions of a provisional restoration 

should protect the prepared tooth structure, should be contoured to protect 

gingival margin and prevent gingival inflammation, should maintain occlusal 

contacts to prevent extrusion of opposing teeth, should keep abutment teeth 

in proper relationship to each other by placing some load on the abutment 

teeth and it will decrease the changes of sensitivity in the final restoration.  

Fritts KW and Thayer KE (1973)12 stated that accurately fitting 

crown margin is less damaging to gingiva, particularly in those preparations 

that extended sub-gingivally. 

Jones EE (1973)13 reported a case of a patient who became sensitive 

to self-polymerizing resin. The reaction was erythema multiforme, which 

was treated by removing the residual monomer. The diagnosis of allergy was 

corroborated by patch test. 

Crispin BJ, Watson JF and Caputo AA (1980)14 evaluated the 

accuracy of nine temporary restorative materials using direct and indirect 

technique. They concluded that the marginal accuracy produced by the 

indirect technique was significantly better than those made by direct 

technique. 
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Oliva RA (1980)15 described a technique for custom shading of 

temporary acrylic resin crowns. He advocated the use of non toxic colored 

chalk shavings instead of using available commercial acrylic resin staining 

kits. He also found no apparent effect on either the strength or the setting 

time of the temporary cements. 

Jordan RD, Zakaraisen K and Turner KA (1982)16 described a 

technique of temporization for an extensively fractured anterior tooth. He 

used an endodontic file covered with acrylic resin to form a temporary post 

and core and a polycarbonate crown sealed with acrylic resin. 

Garvin PH, Malone WFP, Toto PD and Mazur B (1982)17 studied 

the effect of self cure resin on crevicular fluid volume and concluded that 

self cure acrylic resins lead to an increase in crevicular fluid volume. The 

periodontal inflammation process can be a reversible process provided that 

the amount of gingival irritation is minimal and restoration is of short term. 

Clements WG (1983)18 proposed a method to develop anterior 

determinants that are comfortable and pleasing to the patient, who 

participates in the development of their anterior esthetics and phonetics. He 

advocated the preoperative restoration to their final size and shape, which 

will help in making the conservative preparation and also provide guidelines 
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for final ceramo-metal restoration. 

Miller SD (1983)19 summarized the requirements of an acceptable 

temporary restoration 

- acceptable marginal adaptation

- retention and resistance to masticatory load.

- highly polished plaque resistant surfaces with physiologic contours

and embrasures which are conducive to oral hygiene maintenance

- esthetically satisfying

- easy to repair and remove.

Kaiser DA and Cavazos E (1985)2 advocated temporization 

techniques using Self-curing acrylic resin, Heat cure acrylic resin, Vinyl 

polyethyl methacrylate, Ethyl amine Derivatives, and Light Cure composites 

and Preformed metal crown, both direct and indirect methods They also said 

that the temporary crown should resemble the natural tooth in colour and 

function and should not exert pressure on free gingiva or edentulous ridge. 

Monday JJL and Blais D (1985)20 studied marginal adaptation of 

acrylic temporary restoration and found that indirect technique, vacuum 

formed and acrylic reline was most accurate. More subgingival the margin, 

less acceptable was the adaptation of the provisional restoration. 
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Rosenstiel SF and Gegauff AG (1988)21 studied the effects of 

provisional cements on temporary restorative resins. They found that ZOE 

cements soften the set resin and also inhibit polymerization of added resin. 

This is clinically important where reline or repair is a consideration. Non 

eugenol cements may be used with little effect on hardness. 

Hochwald DA (1991)22 proposed a method of Surgical template 

impression during stage I surgery for fabrication of a provisional restoration 

to be placed at stage II surgery. 

Roberts DB (1992)23 described a procedure for making indirect 

interim restorations from a cast die made from polyvinyl siloxane impression 

material. The use of these flexible casts and dies facilitates the removal of 

polymerized resin from the cast and rapid set of polyvinyl materials reduce 

time involved in making the indirect interim restorations. This method is 

particularly useful when replication of a specific irregular tooth arrangement 

is mandated. 

Cho GC and Chee WWL (1993)24 described a method of fabrication 

of esthetic custom provisional restoration that provide optimum esthetics and 

function accornplished with minimum chair side time. The effect of 

mamelons, translucency and incisal halos is produced to mimic natural 
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dentition. The technique is based on a provisional shell that is made in 

laboratory and relined intraorally for a more precise fit. 

Reikie DF (1993)25 reviewed many esthetic and functional 

considerations for partially edentulous implant patient. He said that with the 

availability of adjunctive grafting procedures, it is time for the implant team 

to change the traditional treatment planning approach that allows patient 

anatomy to dictate implant position and prosthesis design. 

Breeding LC (1995)26 described the procedure which provides an 

esthetic mean for inserting a provisional fixed restoration immediately after 

implant placement surgery. When this procedure is used, it is not necessary 

to prepare the abutment teeth adjacent to the surgical site for subsequent 

fixed restorations. 

Liebenberg WHO (1996)27 stressed on the need of maintenance of 

periodontal health and tooth position, while restoring the teeth with 

provisional restorations. 

Biggs WF (1996)28 advocated the placement of a custom implant 

provisional restoration at the second stage of surgery for improved gingival 

management. 
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Tjan AH, Jacob Castelnuovo J and Shiotsu G (1997)29 advocated 

the curing provisional resinous crowns with use of polyvinyl siloxane 

impression as matrix which significantly reduces the temperature increase in 

the pulpal chamber compared with a vacuum formed polypropylene matrix. 

Robinson FG, Haywood VB, Meyers M (1997)30 studied the effect of 

Night Guard Vital Bleaching [NGVB] solution containing 10 percent 

carbamide peroxide on colour stability of provisional restoration materials. 

They observed an orange discoloration with provisional materials that 

contained methacrylate, when they were exposed to 10 percent carbamide 

bleaching solutions. 

Jemt T (1999)31 conducted a study on provisional implant crowns 

placed after single implant treatment in 55 patients with single implant 

restorations. The results indicated that the use of provisional crowns may 

restore soft tissue contour better than healing abutments alone. 

Jaffin RA, kumar A and Berman CL (2000)32 conducted a clinical 

study of immediate loading of dental implants in edentulous and partially 

edentulous jaws and found that success rate was found similar to those in 

delayed loaded cases. They advised the immediate loading of implants. 
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Lane DA and Rosalin (2003)33 did clinical trial to compare double 

arch and complete arch impression technique in the provisional indirect 

restoration. They concluded that the double arch impressions were found to 

take less time, use of less material and also same accuracy. 

Rodrigus AH and Morgano SM (2003) 34 advocated a clinical and 

laboratory technique of preparation of restorations for immediate loading of 

implants on the edentulous mandible with the use of a laboratory processed 

provisional, screw-retained, implant supported fixed complete denture that 

incorporates cast metal reinforcement. This method is consistent with 

reported biologic and clinical requirements for achieving successful results 

with immediate and early loaded implants. This technique offers advantage 

compared with a prefabricated provisional prosthesis: it is efficient, 

uncomplicated and cost effective. 

Sham ASK and Chu FCS (2004)35 conducted a study and said that 

bis-acryl methacrylate resins were more colour stable than methyl/ethyl 

methacrylate based resins in water at 60° for 20 days. On the other hand, the 

bis-acryl methacrylate resin showed significantly higher discoloration in 

coffee. After exposure to UV light, the 2 bis-acryl methacrylate based 

provisional materials showed significantly less colour change than any of the 

methyl/ethyl methacrylate based provisional materials. If provisional 
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restorations have to be used for long period, bis-aryl methacrylate is 

preferred over methyl /ethyl methacrylate based resins. However, when bis-

acryl methacrylate resin is used as a provisional material, patients should be 

advised of the propensity of such materials to staining by coffee. 

Bohnekamp DM and Gracia LT (2004)36 described the effective 

procedure for use of light polymerized flowable composite resin for 

intraoral repair of bis-acryl provisional restorations. 

Hamza TA and Rosenstiel SF, Elliosary MM and Ibraheem RM 

(2004)37 conducted a study on fiber reinforcement, fracture toughness and 

flexible strength of provisional restorative resin using Construct, Fiberstick, 

Ribbond normal, Ribbond THM, Ribbond triaxinal and concluded that fiber 

reinforcement increases both fracture toughness and flexible strength. 

Eskitascioglu G, Eskitascioglu A and Belli S (2004)3 advocated use 

of polyethylene ribbon to create a provisional fixed partial denture after 

immediate implant placement for bonding natural lateral incisors to the 

adjacent teeth with an acceptable esthetic outcome. 

Haselton DR, Diaz-Arnold AM and Dawson DV (2005)39 conducted 

a clinical study to evaluate the colour stability of provisional crown and fixed 

partial denture resins. The purpose of this study was to measure the colour 
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change of 12 provisional prosthodontic material after immersion in artificial 

saliva and artificial saliva coffee solutions for 1, 2 and 4 weeks. Under the 

condition of this study they demonstrated varying tendency to discolor over a 

range time periods when immersed in artificial saliva and artificial saliva 

coffee solutions. This study showed colour stability to be material specific 

without improved stability of newer bis-acryl products. Patient should be 

warned to expect colour shift towards yellow within a relatively short period 

of time dependent upon dietary habits. 

Swall BW (2005)40 stressed the importance of wax up for provisional 

restorations for cases of all kinds ranging from a single tooth to full mouth 

constructions and considered it an important factor in restorative success. 

Begum Turker S, Kocak A, Esra A (2006)41 studied the effect of 

coffee, tea, coca-cola, orange juice and red wine on the color stability of 

acrylic and composite based provisional materials. They concluded that red 

wine and tea caused the most significant color changes and orange juice 

showed the least significant colour change. 
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DISCUSSION 

Provisional restorations in fixed partial dentures are an essential part 

of fixed Prosthodontic treatment. Patient must be provided with an interim 

restoration from initial tooth preparation until the definitive prosthesis is 

placed. A provisional restoration is defined as "a fixed or removable 

prosthesis, designed to enhance esthetics, stabilization or function for a 

limited period of time, after which it is to be replaced by definitive 

prosthesis�. Often such prosthesis is used to assist in determination of the 

therapeutic effectiveness of a specific treatment plan or the form and 

function of the planned definitive prosthesis. The word �interim prosthesis� is 

often used as a synonym for "provisional" prosthesis. Even though a 

definitive restoration may be placed as quickly as 2 weeks after tooth 

preparation, a provisional restoration must satisfy important needs of the 

patient and the dentist. Unfortunately, temporary usually connotes laxity and 

this may imply that requirements pertaining to the more permanent condition 

are ignored. If this connotation becomes a philosophy governing the 

provisional phase of treatment, the dentist will needlessly be reducing 

clinical efficiency and treatment quality. Experience has repeatedly shown 

that the time and effort expended in fulfilling the requisites of provisional 

restorations are well spent. 
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Because of unforeseen events (e.g., laboratory delays or patient 

unavailability), a provisional restoration may have to function for an 

extended period. On the other hand, a delay in placing the definitive 

restoration may be deliberate. Whatever the intended length of time of 

treatment, a provisional will have to be adequate to maintain patient health. 

Thus, it should not be casually fabricated on the basis of expected short-term 

use. 

Provisional procedures also must be efficiently performed, because 

they are done while the patient is in the operatory and during the same 

appointment that the teeth are prepared. Costly chairside time should be used 

efficiently with the practitioner producing an acceptable restoration. Failure 

to do so will result in the eventual loss of more time than was initially 

thought to be saved. For example, an inadequate restoration may lead to 

unnecessary repairs or the need to treat gingival inflammation and remake 

the impression. Such problems can be avoided if one thoroughly understands 

what the requirement of provisional restoration is and make the efforts to 

meet these requirements. 

��Requirements of provisional restorations: 

The requirements of a provisional restoration are same as for the 

definitive restoration, with exception of longevity and possibly the 
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sophistication of colour. 

The basic requirement of an interim restoration is to provide pulpal 

protection, positional stability, and maintenance of occlusal function, 

cleansability, strength, retention and esthetics. The requirement can be 

subdivided into biologic, mechanical and esthetic categories. 

  

I)�Biologic requirements: 

a)�Pulp Protection- 

A provisional restoration must seal and insulate the prepared tooth 

surface from the oral environment to prevent sensitivity and further irritation 

to the pulp. Because of the sectioning of dentinal tubules, a certain degree of 

pulp trauma is inevitable during tooth preparation. When healthy, each 

dentinal tubule contains the cytoplasmic process of a cell body 

(Odontoblast), whose nucleus is in the pulp cavity. Unless the environment 

around the exposed dentin is carefully controlled, adverse pulp effects can be 

expected. In addition, the pulp health of a tooth requiring a cast restoration is 

likely to be compromised before and after preparation. In severe situations, 

leakage can cause irreversible pulpitis and resulting in need for root canal 

treatment. 
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b)�Periodontal Health- 

To facilitate plaque removal, a provisional restoration must have 

good marginal fit, proper contour, and a smooth surface. This is particularly 

important when the crown margin will be placed apical to the free gingival 

margin. If the provisional restoration is inadequate and plaque control is 

impaired, gingival health will deteriorate. The maintenance of good gingival 

health is always desirable, but it has special practical significance when fixed 

prosthodontics is undertaken. Inflammed or hemorrhagic gingival tissues 

make subsequent procedures (e.g., impression making and cementation) very 

difficult. The longer the provisional restoration must serve, the more 

significant become any deficiencies in its fit and contour. When gingival 

tissue is impinged upon, ischemia is likely. This can be detected initially as 

tissue blanching; else a localized inflammation or necrosis will develop. 

c)�Occlusal Compatibility and Tooth Position- 

The provisional restoration should establish or maintain proper 

contacts with adjacent and opposing teeth. Inadequate contacts allow 

supraeruption and horizontal movement. Supraeruption is detected at try-in 

when the definitive restoration makes premature contact. Correcting this in 

the operatory is possible, but the effort is time consuming and often leads to 

a restoration with poor occlusal form and function. Horizontal movement 
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results in excessive or deficient proximal contacts. The former requires 

tedious chair-side adjustment; the latter involves a laboratory procedure to 

add metal or ceramic to the deficient site. This often results in a 

compromised proximal contour. This along with root proximity impairs oral 

hygiene measures. 

d)�Prevention of Enamel fracture- 

The provisional restoration should protect prepared crown margins. 

This is particularly true with partial-coverage designs in which the margin of 

the preparation is close to the occlusal surface of the tooth and could be 

damaged during chewing. Even a small chip of enamel will make the 

definitive restoration unsatisfactory and necessitate a time consuming 

remark. 

 

II)�Mechanical Requirements 

Provisional restorations should be able to withstand the functional 

forces of mastication without fracture or displacement. They should maintain 

the position of the prepared teeth and stability of inter-arch and intra-arch 

relationship through establishment of optimal proximal and occlusal 

contacts. The requirements can be grouped under following headings: 
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a)�Function- 

The greatest stresses in a provisional restoration are likely to occur 

during mastication. Unless the patient avoids contacting of the prosthesis 

when eating, internal stresses will be similar to those occurring in the 

definitive restoration. The strength of poly (methyl methacrylate) resin is 

about one-twentieth that of metal ceramic alloys making fracture of the 

provisional restoration much more likely. Fracture is not usually a problem 

with a complete crown as long as the tooth has been adequately reduced. 

Breakage occurs more frequently with partial-coverage restorations and fixed 

partial dentures. Partial-coverage restorations are inherently weaker because 

they do not completely encircle the tooth. 

An FPD must function as a beam in which substantial occlusal forces 

are transmitted to the abutments. This creates high stresses in the connectors 

which are often the site of fracture. To reduce the risk of fracture, connector 

size must be increased in the provisional compared to the definitive 

restoration. Greater strength is achieved by reducing the depth and sharpness 

of the embrasures. This increases the cross-sectional area of the connectors43, 

while reducing the stress concentration associated with internal line angles. 

The biologic and sometimes the esthetic requirements place limits on just 

how much larger connectors can be made. To avoid jeopardizing periodontal 
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health, they should not be over contoured near the gingiva. Good access for 

plaque control must have high priority. In some instances, high-strength 

provisional restoration (e.g., cast metal, fiber reinforced or heat-processed 

resin) can spare the practitioner and patient inconvenience, lost time and the 

expense of remaking a restoration. 

b)�Displacement- 

To avoid irritation to pulp and tooth movement, a displaced 

provisional must be recemented promptly. An additional office visit is 

usually required, resulting in considerable inconvenience to the patient and 

the dentist. Displacement is best prevented through proper tooth preparation 

and a provisional with closely adapted internal surface. Excessive space 

between the restoration and the tooth places greater demands on the luting 

agent which has lower strength than regular cement and thus cannot tolerate 

the added force. For this and biologic reasons, unlined preformed provisional 

should be avoided. 

c)� Removal for Reuse: 

Provisional restorations often need to be reused and therefore should 

not be damaged when removed from the teeth. In most instances, if the 

cement is sufficiently weak and the provisional has been well fabricated, it 

will not break when removed. 
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III)� ESTHETIC REQUIREMENTS: 

The appearance of a provisional restoration is particularly important 

for incisors, canines, and sometimes premolars. Although it may not be 

possible to duplicate exactly the appearance of an unrestored natural tooth; 

tooth contour, color, translucency and texture are essential attributes. When 

conditions require it, esthetic enhancement procedures are available to create 

personalized details; however, these are not routinely called for. 

The degree to which a material matches the color of adjacent teeth 

initially is an essential requirement of prosthodontics. However, colour    

stability can govern the selection of materials when a long period of service 

is anticipated, because some resins discolor after several months in the 

mouth.44 The propensity for discoloration due to stain accumulation or 

secondary to home bleaching procedures30 differs according to resin 

composition. 

The provisional is often used as a guide to achieve optimum esthetics 

in the definitive restoration. In complete denture prosthodontics, it is 

customary to have a wax try-in so the patient can respond to the dentist's 

esthetic interpretation before the denture is processed. Many dentists 

consider this essential because of the frequency of patient�s request for 

changes and the ease with which such changes can be made. When fixed 
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prosthodontics is being performed in the anterior oral cavity, it greatly 

influences appearance; the patient should be given an opportunity to voice an 

opinion. Beauty and personal appearance are highly subjective and difficult 

to communicate verbally, and a facsimile prosthesis can play a vital role in 

the patient's consideration of esthetics and the impact that the prosthesis will 

have on self-image. Obtaining the opinion of others, whose judgment is 

valued is also important. An accurate provisional is a practical way of 

obtaining specific feedback for the design of a definitive restoration. Verbal 

descriptions are often too vague and frequently cause overcorrection, which 

are difficult to reverse in the definitive restoration. The provisional 

restoration is shaped and modified until its appearance is mutually acceptable 

to the dentist and the patient. When this is achieved, an impression is made 

of the provisional and a cast is poured. This cast accompanies the fixed 

prosthodontic working cast to the laboratory, where the contours are 

duplicated. This process is more efficient when it begins with diagnostic 

waxing procedure. Involving the patient in decision making results in greater 

patient satisfaction. 
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��Summary of rationale and requirements:  

Rationale of provisional restorations-3, 11, 19 

1. Protect pulpal tissues and sedate prepared abutments 

2. Protect teeth from dental caries.  

3. Provide comfort and function. 

4. Evaluate parallelism of abutments. 

5. Provide method for immediately replacing missing teeth. 

6. Prevent migration of abutments.  

7. Improve esthetics. 

8. Provide an environment conductive to periodontal health. 

9. Evaluate and reinforce the patient's oral home care. 

10. Assist with the periodontal therapy by providing visibility and    

access to surgical sites when removed. 

11. Stabilize mobile teeth during periodontal therapy and evaluation. 

12. Provide anchorage for orthodontic brackets during tooth 

movements.  

13. Aid in developing and evaluating an occlusal scheme before 

definitive treatment. 

14. Allow evaluation of vertical dimension, phonetics, and masticatory 

function.  
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15. Assist in determining the prognosis of questionable abutments 

during prosthodontic treatment planning. 

Requirements of provisional restorations-3,11,19  

1. Good marginal adaptation, should adapt well to a tooth and matrix 

surface. 

2. Adequate retention and resistance to dislodgement during normal 

masticatory function. 

3. Strong, durable and hard. 

4. Nonirritating to pulp and other tissues; low exothermicity.  

5. Nonporous and dimensionally stable. 

6. Comfortable. 

7. Esthetically acceptable shade selection; translucent tooth like 

appearance.  

8. Colour stable. 

9. Physiologic contours and embrassures. 

10. Easy to mix and load in matrix, fabricate, reline and repair; 

relatively short setting time. 

11. Physiological occlusion. 

12. Conductive to routine oral home care cleaning procedures. 

13. Finishes to a highly polished, plaque and stain-resistant surface.  
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14. Easy to remove and recement by the dentist. 

15. Relatively inexpensive. 

16. Low incidence of localized allergic reactions. 

 

�� Materials and procedures: 

Many procedures using a wide variety of materials are available to 

make satisfactory provisional restorations. As new materials are introduced, 

associated techniques are reported, creating even more variety. Particularly 

helpful thing is the fact that all the procedures have in common the formation 

of a mold cavity into which a plastic material is poured or packed. 

Furthermore, the mold cavity is created by two correlated parts: one forms 

the external contour of the crown or fixed partial denture, and other forms 

the prepared tooth surfaces and (when present) the edentulous ridge contact 

area. The terms external surface form (ESF) and tissue surface form (TSF) 

are suggested for these mold parts. This terminology will be used in the 

ensuing discussions. 

�� External surface form (ESF)- 

There are two general categories of external surface forms: custom and 

preformed. 
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A) Custom: A custom ESF is a negative reproduction of either the 

patient's teeth before preparation or a modified diagnostic cast. It may be 

obtained directly with any impression material. Impression made in a 

quadrant tray with irreversible hydrocolloid or silicone rubber is convenient. 

The higher cost of silicone rubber may be offset by its ability to be retained 

for possible reuse at any future appointment. Accurate representing of the 

ESF is easier and the mold cavity produces better results if thin areas of 

impression material (as may be found inter-proximally or around the gingival 

margin) are trimmed away. Moldable putty materials are popular because 

they can be used without a tray and can be easily trimmed to minimum size 

with a sharp knife. In addition, their flexibility facilitates subsequent removal 

of the polymerized resin. 

A custom ESF can be produced from thermoplastic sheets, which are 

heated and adapted to a stone cast with vacuum or air pressure while the 

material is still pliable. This produces a transparent form with thin walls, 

which makes it advantageous in the direct technique because of its minimum 

interference with the occlusion. It is filled with resin, placed in the mouth, 

and fully seated as the patient closes into maximum intercuspation. Little 

additional effort is required to adjust the occlusal contacts. The thinness of 

the material may also be a disadvantage in the direct technique, however. 
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The material is a poor dissipater of the heat released during resin 

polymerization, 45 so care must be taken to remove it from the mouth before 

injury can occur. A thermoplastic ESF has other uses in fixed prosthodontic 

treatment, in both clinical and laboratory phases; for example, it can help 

evaluate the adequacy of tooth reduction. 

Transparent sheets are available in cellulose acetate or polypropylene 

and come in various sizes and thicknesses; a 125 X 125 mm sheet of 0.5 

thickness is recommended for provisional restorations. Polypropylene is 

preferred because it produces better surface detail and is more tear resistant. 

Better tear resistance makes initial removal from the forming cast less 

tedious and enables ESF to be used more than once. 

Although thermoplastic sheets have a number of advantages, a wide 

variety of other materials and methods can be used successfully. For 

example, some practitioners favor baseplate wax because it is convenient and 

economical. 

B) Preformed: A variety of preformed crowns are available 

commercially. On their own, they rarely satisfy the requirements of a 

provisional restoration, but can be thought of as ESFs rather than as finished 

restorations and therefore must be lined with auto-polymerizing resin. Most 
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crown forms need some modification (e.g., internal axial recontouring, and 

occlusal adjustment) in addition to the lining procedure. When extensive 

modification is required a custom ESF is superior because it is less time 

consuming. Preformed crowns are generally limited to single restorations, 

since using them as pontics for fixed partial dentures is not feasible. 

Materials from which preformed ESF�s are made include 

polycarbonate, cellulose acetate, aluminum, tin-silver and nickel-chromium. 

These are available in a variety of tooth types and sizes. 

1.� Polycarbonate: Polycarbonate has the most natural appearance of all the 

preformed materials. When properly selected and modified, its 

appearance reveals a well-executed porcelain restoration and is a very 

color-stable resin. Although it is available in only one shade, this can be 

modified to a limited extent by the shade of the lining resin. 

Polycarbonate ESF�s are supplied in incisor, canine and premolar tooth 

types. 

2.� Cellulose Acetate: Cellulose acetate is a thin (0.2 to 0.3 mm) transparent 

material available in all tooth types and a range of sizes. Shades are 

entirely dependent on the autopolymerizing resin. The resin does not 

chemically or mechanically bond to the inside surface of the shell, so 

after polymerization the shell is peeled off and discarded to prevent 
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staining at the interface. However, removing the shell requires the 

addition of resin to reestablish proximal contacts. 

3.� Aluminum and Tin-silver: Aluminum and tin-silver are suitable for 

posterior teeth. The most elaborate crown forms have anatomically 

shaped occlusal and axial surfaces. The most basic and least expensive 

forms are merely cylindrical shells resembling a tin can. Non-anatomic 

cylindrical shells are inexpensive but require modification to achieve 

acceptable occlusal and axial surfaces. Using crowns that have been 

preformed as individual maxillary and mandibular posterior teeth is more 

efficient. Care must also be taken to avoid fracturing the delicate 

cavosurface margin of the tooth preparation when fitting a metal crown 

form. This risk is greater if adaptation is carried out directly by having 

the patient forcefully occlude on the crown shell. The edge of the shell 

can engage the margin and fracture it under biting pressure. An even 

greater risk occurs when the crown has a constricted cervical contour. 

Tin-silver crowns are deliberately designed this way. This highly ductile 

alloy allows the crown cervix to be stretched to fit the tooth closely. 

Direct stretching on the tooth is practical only where featheredge margins 

are used. For other margin designs, cervical enlargement should be 
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performed indirectly on a swaging block, which is supplied with the 

crown kit. 

4.� Nickel-chromium: Nickel-chromium shells are used primarily for 

children with extensively damaged primary teeth. In application, they are 

not lined with resin but are trimmed adapted with contouring pliers and 

luted with high-strength cement. They may be applied to permanent teeth 

but are more suitable for primary teeth. Nickel-chromium alloy is very 

hard and therefore can be used for long term provisional restorations. 

 

�� Tissue surface form (TSF)- 

There are two primary categories of tissue surface forms: indirect; and 

direct and the third category, indirect-direct results from the sequential 

application of these two forms. 

A)� Indirect Procedure: An impression is made of the prepared teeth and 

ridge tissue and is poured in quick setting gypsum or polyvinyl 

siloxane.3 The provisional restoration is fabricated outside the mouth.  

This technique has the following advantages over direct procedures: 

1.  There is no contact of free monomer with the prepared tooth or gingiva, 

which might cause tissue damage and an allergic reaction or sensitization. 
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One group of investigators reported a 20% incidence of allergic sensitivity in 

subjects previously exposed to a monomer patch test. The risk of 

sensitization in patients who are not allergic to monomer increases with the 

frequency of exposure. In allergic patients, an exposure to even small 

amounts of monomer usually causes painful ulceration and Stomatitis. 

2.  The procedure avoids subjecting a prepared tooth to the heat created from 

polymerizing resin. Clinical simulation experiments46 have shown peak 

temperature increase of approximately 10° C in the pulp chambers of 

prepared teeth upon which the direct provisional restorations had been made. 

This amount of temperature elevation is capable of causing irreversible pulp 

damage. The simulation experiment also indicates that an increase in 

temperature depends directly on the type and volume of resin present. 

Therefore, a directly made restoration with a large pontic is more likely to 

cause injury than one for a single crown (especially if the tooth is prepared 

conservatively). These studies also demonstrate that the heat-conducting 

properties of` the ESF�s significantly influence the maximum temperature 

reached. However, it is important to note that peak temperatures were not 

reached until 7 to 9 minutes had elapsed.46 For this reason and also because it 

must be drawn through the undercuts of adjacent proximal tooth surfaces, the 

resin should be removed at the rubbery stage of polymerization, which 
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typically occurs 2 to 3 minutes after insertion in the mouth. The temperature 

increase is negligible at 3 minutes, suggesting that thermal injury is easily 

avoidable. 

3.  The marginal fit of provisional restorations that have been polymerized 

undisturbed on stone casts is significantly better than that of provisionals that 

have been removed from the mouth before becoming rigid.20,47 This is 

because  

(a) the stone restricts resin shrinkage during polymerization and  

(b) separating the resin from the tooth causes distortion.  

Directly made long-span or multi-abutment FPDs are likely to have 

unacceptable marginal discrepancies caused by shrinkage and distortion.  

4.  When a dimensionally stable elastomer impression is made to form the 

TSF, it can be retained for possible reuse with the ESF. This allows 

replacement restorations to be made without having the patient present. For 

example, if a patient calls to report a lost interim FPD, a replacement can be 

made at the dentist's convenience before the patient arrives. This minimizes 

disruption of the office schedule and earns the patient's appreciation. It is not 

known whether using an elastomer TSF results in margins that fit as well as 

those obtained with gypsum TSF. The elastomer may not resist 

polymerization shrinkage as effectively as the gypsum.  
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5. This technique gives the patient a chance to rest and let the dentist perform 

other tasks, provided an assistant is trained to carry out the laboratory 

procedures. 

 

B)� Direct Procedure: The patient's prepared teeth and gingival tissues (in 

the case of FPD) directly provide the tissue surface form, so the 

intermediate steps of the indirect technique are eliminated. This is 

convenient when assistant training and office laboratory facilities are 

inadequate for efficiently producing an indirect restoration.  

However, the direct technique has significant disadvantages:  

-� potential tissue trauma from the polymerizing resin and  

-� inherently poorer marginal fit.  

Therefore, the routine use of directly formed provisional restorations is not 

recommended when indirect techniques are feasible. 

C)� Indirect-direct Procedure: In this technique, the indirect component 

produces a "custom-made preformed ESF" similar to a preformed 

polycarbonate crown. In most cases, the practitioner uses a custom ESF 

with an under prepared diagnostic cast as the TSF. The resulting mold 

forms a shell that is lined with additional resin after tooth preparation 

(using the patient for the TSF). This last step is the direct component of 
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the procedure. Another method of creating the shell eliminates the need 

for an indirect TSF. It is accomplished by painting monomer liquid into 

the ESF and carefully sprinkling or blowing resin powder on it. The 

thickness of the resin shell is difficult to control with this technique 

however and may result in time-consuming corrective grinding. 

The indirect-direct approach offers these advantages: 

1.  Chairside time is reduced. Most of the procedures are completed before 

the patient's visit. 

2.  Less heat is generated in the mouth. The volume of resin used during 

lining is comparatively small. 

3. Contact between the resin monomer and soft tissues is minimized 

compared to the direct procedure. Because pontic ridge areas do not 

normally require lining, there is a reduced risk of allergic reaction. 

�� Provisional restorative materials: 

Interim treatment promotes numerous adjunct benefits to definitive 

prosthodontic treatment. The materials and techniques used for these 

purposes must reflect these variable treatment demands and requirements. 

Consistent with nearly all areas of dental management where material 

science plays such a significant role, there is presently no ideal provisional 
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material suitable for all clinical conditions; however, there are many 

materials that have been used successfully for this purpose. 

The requirements needed for provisional treatments are already stated 

above. Many of these requirements such as appropriate marginal adaptation, 

low thermal conductivity, non irritating reaction to the dental pulp and 

gingival tissue, ease of cleaning, ease of contour, ease of alterability and 

repair are extremely important to the success or failure of treatment 

outcomes. 

While in a fluid state, the provisional restorative material fills the 

cavity formed by external and tissue surface forms; they then solidify, 

producing a rigid restoration. 

 

�� Ideal Properties: An ideal provisional material has the following 

characteristics: 

1. Convenient handling- adequate working time, easy moldability and 

rapid setting time. 

2. Biocompatibility- non-toxic, non-allergenic and non-exothermic. 

3. Dimensional stability during solidification. 

4. Ease of contouring and polishing. 

5. Adequate strength and abrasion resistance. 
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6. Good appearance- translucency, color controllable, color stable. 

7. Good patient acceptance- non-irritating, odorless. 

8. Ease of adding to or repairing. 

9. Chemical compatibility with provisional luting agents. 

�� Currently Available Materials: 

The ideal provisional material has not yet been developed. A major 

problem still to be solved is dimensional change during solidification. These 

materials shrink during polymerization, which causes marginal 

discrepancy20,47,49 especially when the direct technique is used. In addition, 

the resins currently used are exothermic and not entirely biocompatible. 

Provisional material selection should be based on the strength and 

weakness of a given material relative to clinical mandate for specific 

treatments. Differing clinical techniques such as indirect interim fabrication 

may be required to accommodate certain situations, finally among the 

differing proprietary material brands exhibiting similar chemical 

composition and physical properties, experience and personal preference is 

an important consideration on material selection. 

Mechanical, physical handling properties, as well as biocompatibility, 

will influence material selection in fabricating provisional restorations. A 
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material should be easy to handle, provide adequate working time and be 

nontoxic. Treatment complications such as chemical injury from the 

presence of monomer residue, thermal injury from exothermic 

polymerization shrinkage must be considered. Likewise, after fabrication, 

considerations such as preventing repairs and remakes often continue to be a 

direct reflection of the physical properties of a provisional material. Interim 

restorations are fabricated using 1 of 2 techniques: (1) Custom fabrication; or 

(2) fabrication with preformed materials. Additionally both of these 

procedures can be accomplished with direct clinical, indirect laboratory, or 

combination techniques. Indirect technique may result in an increased cost of 

the fabrication and may require special equipment and increased non clinical 

time for fabrication.49 

A)�Custom fabricated materials:  

Custom fabrication represents one of the best choices for provisional 

restorative treatment.50 The technique allows for intimate contact between a 

provisional restoration and prepared tooth. It provides a continuous 

mechanism for a variety of alterations during treatment such as marginal 

adaptation, contour change, shade adjustment, occlusal modification and 

repair. 
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Provisional materials have been divided into the following categories 

based on how they are converted from plastic to solid-elastic masses: 

(1) Chemically activated auto-polymerizing acrylic resins;  

(2) Heat activated acrylic resins; 

(3) Light-activated acrylic resins; 

(4) "Dual" light and chemically activated acrylic resins; and  

(5) Others (alloys). 

The most common materials used for custom interim fixed restorations 

are acrylic resins. Generally, acrylic resins used for provisional restoration 

are brittle, but their great advantage is the ease with which they can be 

altered by additions and subtractions. Several types of acrylic resin materials 

are available for interim restorative treatment. They are: 

(1) Polymethylmethacrylate resins; 

(2) Polyethylmethacrylate resins; 

(3) Other types or combinations of unfilled methacrylate resins and 

composites. A comparison of physical properties associated with a variety of 

provisional unfilled methacrylate resins; and 

(4) Composite. 
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1. Methacrylate resins: 

Autopolymerizing polymethylmethacrylate (PMMA) first appeared 

around 1940 and remains the most frequently used material for fabrication of 

interim restorations.2  Plant et al found that the intra-pulpal temperature rise 

associated with the polymerization of methyl methacrylate materials could 

be up to 5 times that associated with the normal consumption of thermally 

hot liquid. The literature indicates that polymethylmethacrylate is the 

preferred material when provisional restorations are made using indirect 

techniques. 

Ethyl methacrylate, introduced in the 1960�s51 has a number of 

advantages and disadvantages relative to methyl methacrylate. One study52 

however, showed the highest value of fracture resistance with an ethyl 

methacrylate material relative to methyl methacrylate and bis-acryl 

materials. Ethyl methacrylate may be a better selection for direct interim 

prosthesis fabrication and is best suited for short-term use relative to methyl 

methacrylate.50 Two other chemically similar materials, Vinylethyl and 

butylmethacrylate display comparable clinical behavior to 

polyethylmethacrylate. 
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Methyl Methacrylate -  

The monomer methyl methacrylate is of considerable importance in 

dentistry. Methyl methacrylate is a transparent liquid at room temperature 

with the following physical properties: 

-Molecular weight= 100 

- Melting point = -48 ° C 

- Boiling point = 100.8° C (note how close this is to the boiling point 

of water).  

- Density = 0.945 g/ml at 20° C 

- Heat of polymerization = 12.9 kcal/mol 

Methyl methacrylate exhibits a high vapor pressure and is an excellent 

organic solvent. Although the polymerization of methyl methacrylate can be 

initiated by visible light, ultraviolet light or heat; it is commonly polymerized 

in dentistry by the use of a chemical initiator. 

The conditions for the polymerization of methyl methacrylate are not critical 

provided that the reaction is not carried out too rapidly. The degree of 

polymerization varies with the conditions of polymerization, such as 

temperature, method of activation, type of initiator, initiator concentration, 

purity of chemicals and similar factors. Because they polymerize readily 

under the conditions of use, the methacrylate monomers are particularly 
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useful in dentistry. Many other resin systems do not polymerize at room 

temperature in the presence of air. Volume shrinkage of 21% occurs during 

the polymerization of the pure methyl methacrylate monomer. 

Poly (methyl methacrylate)- 

Poly (methyl methacrylate) is a transparent resin of remarkable clarity; 

it transmits light in the ultraviolet range to a wavelength of 250 nm. It is a 

hard resin with a Knoop hardness number of 18 to 20. It has a tensile 

strength approximately 60 MPa, a density of 1.19 g/ cm3 and a modulus of 

elasticity of approximately 2400 MPa. 

This polymer is extremely stable. It does not discolor in ultraviolet 

light and it exhibits remarkable aging properties. It is chemically stable to 

heat and softens at 125°C and it can be molded as a thermoplastic material. 

Between 125° and 200°C de-polymerization takes place. At approximately 

450° C, 90% of the polymer depolymerizes to form the monomer. Poly 

(methyl methacrylate) of high molecular weight degrades to a lower polymer 

at the same time that it converts to the monomer. 

Like all acrylic resins, poly (methylmethacrylate) exhibits a tendency 

to absorb water by a process of imbibition. Its non-crystalline structure 

possesses a high internal energy. Thus molecular diffusion can occur in the 

resin, because less activation energy is required. Furthermore, the polar 



47 
 

carboxyl group, even though esterified, can form a hydrogen bridge to a 

limited extent with water. Because poly (methyl methacrylate) is a linear 

polymer, it is soluble in a number of organic solvents that may be found in a 

dental laboratory or operatory, such as chloroform and acetone. 

2.  Multifunctional Methacrylate and Acrylate resins: 

The backbone of the molecule formed in this system can have any 

shape, but methacrylate groups are found at the end of the branching chains. 

One of the first multifunctional methacrylate used in dentistry was Bowen's 

resin or bis-GMA. The bis-GMA resin can be described as an aromatic ester 

of a dimethacrylate, synthesized from an epoxy resin (ethylene glycol of bis-

phenol A) and methyl methacrylate. Because bis-GMA has two -OH groups 

which form hydrogen bond between the monomers, it is extremely viscous. 

A low viscosity dimethacrylate, such as triethyleneglycol dimethacrylate 

(TEDMA), is blended with it to reduce viscosity. 

The rigid central core of two aromatic groups reduces the ability of 

bis-GMA molecules to rotate during polymerization and thereby to 

participate efficiently in the polymerization process. Therefore, one of the 

methacrylate groups reacts often, whereas the other does not. This process 

results in a bis-GMA molecule that forms a branch or pendant group, along 

the polymer chain. Some of these branches crosslink with adjacent chains 
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and some do not. To quantify the efficiency of polymerization and cross-

linking, the clinician determines the ratio, �R� of unreacted methacrylate 

groups before and after polymerization. The degree of conversion, expressed 

in percentage of consumed methyl methacrylate groups, can be determined 

from the formula: 

(1 - R) x 100 = degree of conversion 

Various dimethacrylate resin combinations have been explored 

through the years in attempts to reduce viscosity and to increase the degree 

of conversion. One resin group that has shown promise is urethane 

dimethacrylate (UDMA). This UDMA group can be described as any 

monomer chain containing one or more urethane groups and two 

methacrylate end groups. 

In addition to the dimethacrylates mentioned previously, other 

multifunctional resins have been introduced to dentistry during the last few 

years. For example, in some dentin bonding agents a monomer called 

dipentaerythiol penta-acrylate monophosphate (PENTA-P) is used. As seen 

from the PENTA-P formula, this monomer contains as many as five acrylate 

groups per monomer molecule. 

Another multifunctional resin that has been used extensively during 

the last few years is poly(acrylic acid), to which hydroxyethyl methacrylate 
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(HEMA) has been grafted. Such a modified poly (acrylic acid) (PAA) is used 

in light-curable glass ionomer cements. During light exposure, free radical 

polymerization is initiated, causing the methacrylate groups to react. The 

reaction that cross-links the PAA molecules constitutes the initial setting 

reaction. After this reaction, the carboxylate groups continue to react with 

the glass particles through an acid-base reaction. During this reaction, the 

PAA releases the hydrogen ions and the PAA chains become negatively 

charged. 

These negative charges, however, are balanced by cations leached 

from the glass. These cations, such as Ca2+ and A13+ form ionic bonds 

between the chains that now also become ionically cross-linked. In addition, 

the negatively charged PAA chains also form bond to tooth tissues 

containing cations such as Ca2+. 

By observing this modified PAA molecule, you can see that as the 

number of methacrylate group increases, the number of carboxylate group 

decreases. This is important because fewer carboxylate groups reduce the 

extent of acid base reaction and weaken the enamel-dentin interaction. 

3. Composites: 

Composite provisional materials encompass a fairly variable category 

by virtue of the fact that they are chemically comprised of a combination of 
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two or more types of material. Most of these materials use bis-acryl resins, a 

hydrophobic material that is similar to bis-GMA. When this resin is mixed 

with inorganic, radiopaque filler it combines to provide an interim treatment 

material that is similar to composite restorative materials. Typically these 

materials use a variety of multifunctional acrylic resin monomers that 

provide high-density cross linking during polymerization. Consequently they 

exhibit a unique rubbery stage during the polymerization process. These 

materials are available as autopolymerized, dual- (auto /visible light) 

polymerized or visible light polymerized forms. 

Most of the composite materials are now available with an auto-mix 

delivery system similar to polyvinylsiloxane impression materials. This 

makes them quick and easy to use, but expensive. Diaz-Amold et a153 

showed a general decrease in hardness over time for 2 out of 3 composite 

materials tested. This is consistent with studies conducted by Ireland et al 

who showed that the bis-acryl materials exhibited higher flexural elastic 

moduli and moduli of rupture values at 24 hours but exhibited the greatest 

decrease in these values over time. 

Varnish materials designed to coat provisional restorations and 

produce a smoother surface are commercially available but are not advisable. 

Bis-acryl materials are compatible with other composite materials, but 
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alterations for repairs and addition are difficult. In fact, Koumjian and 

Nimmo51 showed an 85% decrease in transverse strength after repair of a bis-

acryl material. They suggested that it might be more advantageous to make a 

new provisional restoration than repair this material. Young et al54 compared 

bis-acryl and polymethylmethacrylate materials in terms of occlusion, 

contour, marginal fidelity and finish. For both anterior and posterior teeth, 

they found the bis-acryl materials significantly superior to PMMA in all 

categories. Another report makes similar comments. 

Some practitioners find bis-acryl materials difficult to manipulate 

before setting because of difficult handling properties.34 Conversely, it has 

also been reported that dual-polymerized materials provide a more rigid 

rubbery stage where considerable adjustment and evaluation can be made 

before the final photo-polymerization. 

Two other studies have discouraged the use of dual polymerizing 

materials because of technique sensitivity.1,29  Luthardt et all compared the 

clinical performance of autopolymerizing, dual-polymerizing and visible 

light-polymerizing bis-acryl materials. They concluded that the light- and 

dual-polymerizing materials did not offer a clinical benefit relative to 

autopolymerizing material. Reduced flexibility of the partially polymerized 

materials made them difficult to handle, which lead to complications with the 
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integrity of provisional restorations. Tjan et al44 stated that handling 

techniques might contribute to problems with marginal accuracy. 

4. Visible light-polymerized resin: 

The visible light polymerized (VLC) material, first introduced in the 

1980�s51 requires the addition of urethane dimethacrylate, a resin whose 

polymerization is catalyzed with visible light energy and a 

camphoroquinone/amine photo initiator. These materials usually incorporate 

filler such as microfine silica to improve physical properties such as reduced 

polymerization shrinkage. Unlike methacrylate resins, they do not produce 

residual free monomers after polymerization, which explains why they 

exhibit significantly decreased tissue toxicity relative to methacrylate 

resins.55 Haddix56 indicated that VLC materials could produce provisional 

restorations with quality similar to heat-polymerized, laboratory-processed 

restorations, but with less time and expense. Dual-polymerizing composite 

materials generally incorporate both chemically polymerized bis-acryl and 

light-polymerized urethane dimethacrylate resins in variable product-specific 

combinations. 
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B)� Preformed  Materials: 

Preformed provisional crowns or matrices usually consist of tooth-

shaped shells of plastic, cellulose acetate, or metal. They are commonly 

relined with acrylic resin to provide a more custom fit before cementation, 

but the plastic and metal crown shells can also be cemented directly onto 

prepared teeth using a stiff luting material following adjustment. They are 

commercially available in various tooth sizes and are usually selected for a 

particular tooth anatomy. Nonetheless, available sizes and contours are finite 

which makes the selection process important for clinical success. Compared 

with custom fabricated restorations, this treatment method is quick to 

perform but is more subject to abuse and inadequate treatment outcome. This 

can result in improper fit, contour or occlusal contact for a provisional 

restoration.50 

1. Polycarbonate resin: 

Poly carbonate resin is commonly used for preformed crowns and 

possesses a number of superior properties relative to polymethyl 

methacrylate materials.3,57 These crowns combine micro glass fibers with a 

polycarbonate plastic material. Practitioners commonly use polycarbonate 

resin shell crowns as a matrix material around a prepared tooth that is relined 

with acrylic resin to customize the fit.3 This material possesses high impact 
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strength, abrasion resistance, hardness and a good bond with methyl-

methacrylate resin.57 

2. Metal crowns: 

Metal provisional materials are generally esthetically limited to 

posterior restorations. Aluminum shells provide quick tooth adaptation due 

to the softness and ductility of the material, but this same positive quality can 

also promote rapid wear that results in perforation in function and/or 

extrusion of teeth. An unpleasant taste is sometimes associated with 

aluminum materials. Iso-Form Crowns (3M Dental Products, St. Paul, Minn) 

are manufactured with high-purity tin-silver and tin-bismuth alloys. Like 

aluminum, they possess reasonable ductility and can be contoured quickly, 

but the occlusal table is reinforced so they are more resistant to wear related 

failure. For longer-term use, nickel-chrome and stainless steel crowns are 

available but may be more difficult to adapt to a prepared tooth. 

Commercially available preformed materials are listed as Preformed 

materials along with manufacturer�s details:  
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Material 

classification 

Product name Manufacturer 

Polycarbonate resin B-Crowns Harry Bosworth, Skokie, III 

 
Polycarbonate crown 3M Dental, St. Paul, Minn. 

 Molar B-Crowns Harry J. Bosworth, Skokie 

Nylon fiber 

reinforced 

Iso-form Crowns 

( Ti/silver alloy) 
3M Dental, St. Paul, Minn 

 Gold Anodized Crowns 

(gold anodized 

3M Dental, St. Paul, Minn 

 Stainless Steel Crowns 

(nickel chrome) 
3M Dental, St. Paul, Minn 

 

 

�� Influence of material properties on treatment outcome: 

1.�Marginal accuracy 

Accurate marginal adaptation of resinous provisional restorations to 

the finish line of a prepared tooth assists in protecting the pulp from thermal, 

bacterial, and chemical insults.58 Barghi and Simmons 22 indicated from their 
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qualitative assessment that autopolymerizing acrylic resin provisional 

restorations routinely did not have adequate marginal adaptation. The 

accuracy could be significantly improved by relining the restoration after the 

initial polymerization. Furthermore, they found that because of hydraulic 

pressure, 80% of restorations did not fully reseat after the reline procedure. 

They suggested that this problem could be improved by venting a provisional 

restoration before reline. 

Crispin et al47 evaluated marginal accuracy with direct and indirect 

techniques. They reported that indirect fabrication provided significant 

improvements in marginal fit relative to direct methods when methyl and 

vinylethyl methacrylate resins are used. They demonstrated that the marginal 

fit of polymethylmethacrylate restorations could be improved by up to 70% 

with an indirect technique. Other reports showed similar results.20 

A number of studies have focused on the effects of thermocycling on 

provisional crown margins.59,60,61,62,64 They reported that: 

l. Acrylic resin provisional crowns demonstrated dimensional degeneration 

and enlarged marginal gaps resulting from thermocycling and occlusal 

loading; 

2. Marginal gap changes were greater after hot thermocycling than cold 

thermocycling; 
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3. Improved marginal accuracy of PMMA provisional restorations occurred 

when a shoulder finish line was used compared with a chamfer marginal 

design; 

4. In addition to improved initial accuracy, provisional resin restorations that 

were relined had smaller marginal changes after thermocycling and occlusal 

loading; and 

5. Light-polymerized materials provided significantly improved marginal 

accuracy relative to autopolymerizing PMMA resin after thermocycling. 

Koumjian and Holmes64 examined a variety of resinous provisional 

materials and reported that they all demonstrated continued polymerization 

shrinkage after storage in air for 1 week. When stored in water for 1 week, 

water absorption compensated for polymerization shrinkage in all of the 

materials except for polyvinyl ethyl methacrylate and bis-acryl materials. 

The water storage environment was the most clinically relevant in this study 

and produced significantly lower marginal discrepancies with the PMMA 

and ethyl methacrylate materials. 

Lepe et al 65 reported that polymerization shrinkage of acrylic resin 

would play an important role in the fit of provisional restorations. 

Volumetric polymerization shrinkage for polymethylmethacrylate is 6% 

compared with 1% to 2% for composite materials. They speculated that 
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composite materials would provide a better marginal fit relative to unfilled 

polymethylmethacrylate because of less polymerization contraction, but the 

authors also pointed out that marginal fit is not the only factor affecting the 

overall retentive quality of provisional restorations. They found a nearly 20% 

improvement in the retention of interim crowns made with 

polymethylmethacrylate compared to those fabricated with composite 

materials. They concluded that polymerization shrinkage occurring with 

polymethylmethacrylate material might have allowed for a tighter fit of the 

restoration on the prepared tooth, which had a direct influence on improved 

retentive quality. 

2.�Color stability: 

In esthetically critical areas it is desirable for provisional restorations 

to provide an initial accurate color shade match and then to remain color-

stable over the course of provisional treatment. Discoloration of provisional 

materials can produce serious esthetic complications, especially when long-

term provisional treatment is required. Modern provisional materials use 

stabilizers that decrease chemically induced color changes, but these 

materials are susceptible to other factors that will promote staining. Most 

provisional materials are subject to sorption, a process of absorption and 

adsorption of liquids that occurs relative to environmental conditions. When 
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provisional material contact pigmented solutions such as coffee or tea, 

discoloration is possible. Porosity and surface quality of provisional 

restorations, as well as oral hygiene habits, can also influence color changes. 

Crispin and Caputo52 studied the color stability of provisional 

materials. They found that methyl methacrylate materials exhibited the least 

darkening, followed by ethyl methacrylate and vinyl-ethyl methacrylate 

materials. They also reported that increase in surface roughness has induced 

increase in material darkening; and pressure polymerizing did not influence 

discoloration relative to air polymerizing. Koumjian et al57 included a 

visible light-polymerized material in their investigation. They placed test 

materials into the flanges of complete dentures and concluded that for short 

time periods of 5 weeks or less, all materials demonstrated acceptable color 

stability. They stated, however, that the Triad VLC material exhibited more 

adverse color change relative to other materials at the end of 9 weeks. 

Yannikakis et al63 immersed provisional materials in various staining 

solutions for up to 1 month. They reported that all materials showed 

perceptible color changes after 1 week. After 1 month, the methyl 

methacrylate materials exhibited the best color stability and bis-acryl 

materials the worst. 

Robinson et a130 reported the effect of vital tooth bleaching on 
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provisional restorative materials. They prepared disks of polymethyl, 

polyethyl, polybutyl methacrylate, and bis-acryl composite materials. 

Polycarbonate crowns were studied. Specimens of each type of provisional 

material were placed into varied proprietary dental bleaching agents and 

soaked for up to 14 days. They concluded that an orange discoloration 

occurred throughout the specimens representing all methacrylate materials. 

The bis-acryl and polycarbonate crowns showed no difference relative to the 

control group. Another study confirmed the color stability of composite 

materials during vital bleaching treatment.69 

Monaghan et al found that vital bleaching produced visibly lighter 

composite restorations. They reported that in some situations composite 

restorations might lighten along with natural teeth that are simultaneously 

bleached. 

3.�Gingival response: 

Inflammation and recession of the free gingival margin associated with 

provisional treatment is a common occurrence.17, 71  

Donaldson71 reported the following observations regarding gingival 

recession: 

a) The presence of a provisional restoration lead to at least some recession at 

about 80% of the free gingival margin sites evaluated; 
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b) The degree of recession was time dependant; 

c) Placement of the definitive treatment commonly leads to gingival 

recovery;  

d) 10% of subjects demonstrated recession in excess of 1 mm; and 

e) In the presence of gingival recession, only one third of subjects 

demonstrated complete gingival recovery. 

In a separate report, Donaldson71 indicated that the occurrence of 

gingival recession before provisional treatment was directly linked to further 

recession observed after the completion of definitive Prosthodontic 

treatment. A history of bone loss and subsequent gingival recession would 

suggest that a patient would have an adverse reaction to provisional fixed 

prosthodontic treatment. He also found a direct relation between the degree 

of pressure applied by a provisional restoration and gingival recession. An 

anatomically contoured provisional restoration caused less recession than did 

a nonanatomically contoured one. 

In contrast, MacEntee et al,72 in a histologic evaluation of tissue 

response, reported no detectable change in gingival tissue associated with 

provisional restorative treatment over a 3 week period. Waerhaug and 

Zander33 found that in the presence of mechanical irritation such as poor 

restorative contours, provisional treatment did not negatively alter gingival 
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tissue response. Rather, they implicated the presence and accumulation of 

necrotic tissue and plaque material in areas associated with poor marginal 

adaptation and surface roughness of interim restorations as a constant source 

of inflammation to the gingival tissues leading to diminished gingival health. 

Garvin et all7 concluded that periodontal inflammation associated with 

provisional treatment could be expected to be a reversible process provided 

that the amount of gingival irritation is minimal and provisional treatment 

occurs over a short time span. 

4.� Pulpal response: 

Dental pulp inflammation can be caused by either thermal or chemical 

insult resulting from materials used to produce direct provisional 

restorations.  

Tjan et al44 studied the dental pulp chamber temperature rise associated 

with the direct fabrication of provisional restorations. In this in-vitro study, a 

thermocouple probe was placed into the pulp chamber of specimen teeth to 

measure the exothermic reaction associated with the direct contact 

polymerization of methyl methacrylate, ethyl methacrylate, vinylethyl 

methacrylate and bis-acryl materials. Although the bis-acryl material 

produced the lowest temperature increase, no significant differences were 

found among the 4 types of materials tested. The results of this study suggest 
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the possibility of thermal damage to dental pulp tissue and odontoblasts 

during direct provisional fabrication, but the authors also indicated that 

actual damage could only be accurately assessed by use of histological 

studies. They suggested that by use of air and water coolants, as well as by 

use of a matrix material, that can dissipate heat rapidly, the pulp temperature 

rise might be reduced. Additionally, the amount of heat rise is dependent on 

the quantity of provisional restorative material used. 

Other studies have found comparable results with similar methods.74 

Moulding and Teplitsky78 reported that intra-pulpal temperature rise was 

dependent on the type of acrylic resin and the type of matrix used to retain 

the material on the tooth during polymerization. Temperature rise was 

greatest with polymethylmethacrylate and vacuum adapted templates; least 

with bis-acryl and relined resin shells; and intermediate temperature 

increases were recorded with polyethyl methacrylate materials and either 

irreversible hydrocolloid or polyvinylsiloxane impression materials used as a 

matrix for holding acrylic resin provisional material against a tooth. The 

authors also identified that fixed partial denture provisional restorations 

produced a greater temperature rise than did single-unit provisional 

restorations. 
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Grajower et a174 showed that faster polymerizing acrylic resin 

materials could generate higher temperatures than slower polymerizing 

resins. They indicated that external heat dissipation might be enhanced with 

a water spray or by polymerization of restorations in silicone impressions. 

Additionally, this external heat dissipation caused retardation in the 

polymerization, which further decreased heat production. The retardation 

resulted from the cooling effect of the spray and not the water itself, since 

moisture quickens the polymerization of autopolymerizing acrylic resins that 

contain tertiary amine accelerators. The authors concluded that: 

a)  Provisional acrylic resin restorations might be fully polymerized on 

prepared teeth by appropriate methods such as in impressions or with 

external cooling, without causing excessive heating of the dental pulp; 

b) Removal of a provisional restoration before complete polymerization, 

leading to potential deformation of the acrylic resin material, is therefore 

unnecessary; and 

c) A thin insulating layer should be applied to a prepared tooth before 

contact with non-polymerized acrylic resin to avoid chemical injury. 

5. Hypersensitivity: 

Hypersensitivity from provisional materials has been reported but 

appears to be rare. Autopolymerizing methacrylate materials have greater 
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potential for producing allergic contact stomatitis than similar heat-

polymerized materials. The residual monomer in the material has been 

implicated as the causative factor. One report showed that the residual 

monomer content in heat-polymerized acrylic resin ranges from 0.045% to 

0.103%. Autopolymerized acrylic resin has a residual monomer content of 

0.185%. Over time residual monomer is gradually leached out, leaving a 

fraction that is tightly bound to the resin material. 

Allergic reaction to provisional materials will demonstrate the 

following features: 

a) The patient had previous exposure to the provisional material; 

    b) The reaction conforms to a known allergic pattern, such as redness, 

necrosis or ulceration; 

c) The reaction resolves when a provisional restoration is removed;  

d) Reaction recurs when a provisional restoration is replaced; and  

e) A patch test for the material is positive. 

 

Patch testing has demonstrated less response with light-polymerized 

materials relative to autopolymerizing acrylic resin. Indirect material 

processing methods are recommended for individual showing evidence of 

hypersensitivity.77,79 After complete polymerization, the polymerized acrylic 
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resin usually does not induce allergic reactions. Unpolymerized monomer 

can be substantially removed by placing an autopolymerized provisional 

restoration in a pressure pot with warm water for 20 minutes. 

 

�� Strengthening  provisional materials: 

The literature clearly favors acrylic resin as the material of choice for 

provisional restorations. Most resins used for provisional restorations are 

brittle. Repairing and replacing fractured provisional restoration is a concern 

for both clinician and patient because of additional cost and time associated 

with these complications. Failure often occurs suddenly and probably as a 

result of a crack propagating from a surface flaw. The strength and 

serviceability of any acrylic resin, especially in long span interim 

restorations, is determined by the material's resistance to crack propagation. 

Crack propagation and fracture failure may occur with these materials 

because of inadequate transverse strength, impact strength, or fatigue 

resistance. 

Physical properties of strength, density, and hardness may predict the 

longevity of provisional restorations. Donovan et a113 examined methods to 

improve the longevity of these restorations using variable indirect 

polymerization techniques. They compared methyl methacrylate material 
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strength, porosity and hardness under the following polymerization 

conditions: 

(1) In air; 

(2) Under water; 

(3) Under air pressure; and 

(4) Under water and air pressure. 

They found that polymerization with a pressure vessel with air and 

water had the greatest influence on increasing strength and reducing 

porosity. There was no difference in hardness for the 4 conditions tested. A 

similar study, however, evaluated the fracture toughness of provisional resins 

and found that the use of a pressure vessel during polymerization did not 

significantly increase the fracture toughness for the resins tested. Convey et 

al135 found that oven heat treatments at 120°C for 7 minutes could 

significantly increase the tensile strength for both chemical and light-

polymerized composite materials. 

Heat-polymerization of acrylic resin materials can be used when 

provisional restorative treatment will be required for extended periods of 

time or when additional strength is required. This indirect laboratory process 

results in materials that are denser, stronger, more wear resistant, more color 

stable, and more resistant to fracture than their autopolymerizing 
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counterparts. 

Metal castings and swaged metal substructures in combination with 

resin materials have been incorporated into provisional restorations and have 

been reported as especially useful with long-term or long-span interim 

treatment.3 Both heat polymerized acrylic resin and metal provisional 

restorations should last longer than autopolymerized restoration, but the 

expense and time required for indirect fabrication can make them less cost 

effective for routine use. 

Reinforcing frameworks reduce flexure, increase retention, and 

increase structural integrity. Attempts have been made to strengthen acrylic 

resin materials by reinforcement with either chemical modification with 

grafted co-polymers and stronger cross linkage or by inclusion of various 

organic and inorganic reinforcing fibers. Materials used for fiber 

reinforcement have included metal, glass, carbon graphite, loo sapphire, 

Kevlar (Du Pont, Wilmington, Del), polyester, and rigid polyethylene. Most 

of these materials have had little or no success in increasing resin strength. 

Investigations on fiber reinforcement have favored the use of long 

continuous fibers, with strand alignment placed perpendicular to the 

direction of applied loads.80 Samadzadeh et al80 studied the effects of plasma-

treated woven polyethylene fiber (Ribbond Inc, Seattle, Wash) on the 
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fracture strength of methyl methacrylate and bisacryl materials. Fracture 

strength was increased for the bis-acryl material. Ribbond fibers did not 

increase the fracture strength of PMMA prostheses, but complete 

catastrophic fracture was avoided. 

Emtiaz and Tarnow,51 Davidoff,49 and others81,82  have described 

various methods of adding metal reinforcing structures to acrylic resin 

provisional restorations; castings, spot welded stainless steel matrix bands, 

and precut stainless mesh have been used. Generally margins are not 

reproduced in the cast alloy. Yuodelis and Faucher82 described using 

stainless steel wire material while Hazelton and Brudvik reported the 

benefits of stainless steel orthodontic band material adapted around abutment 

teeth, removed, welded, and fitted inside acrylic resin shell crowns to 

reinforce autopolymerizing acrylic resin materials. Similarly, Greenburg 

recommended ultra thin stainless steel bands. Spot-welded stainless steel 

band reinforced acrylic resin provisional restorations are stiffer and more 

resistant to cement degradation and loss of cement seal from deformation. 

Fabrication of a reinforcing metal framework is guided by a diagnostic wax-

up that generates the desired contours for the finished provisional.54 

In a study describing a negative influence on the strength of 

provisional materials, Chee et al 45 studied the effect of chilled monomer on 
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the working time for 3 autopolymerizing acrylic resins. They found that the 

working and setting times increased by up to 4 minutes when chilled 

monomer was used, but the transverse strength for the materials were 

decreased by 17%. 

�� Provisional luting materials: 

Provisional luting agents should possess good mechanical properties, 

low solubility, and tooth adhesion to resist bacterial and molecular 

penetration.46  The most important function of these materials is to provide an 

adequate seal between the provisional restoration and prepared tooth. This is 

necessary to prevent marginal leakage and pulpal irritation.46 There are a 

variety of luting materials used for interim purposes. The most common ones 

include: 

(1) calcium hydroxide; 

(2) zinc-oxide eugenol;  

(3) noneugenol materials46 

Generally, all of these possess poor mechanical properties that likely 

worsen over time. This can have a negative influence on marginal leakage 

but also provides an advantage by allowing easier dislodgment and removal 

of provisional restorations from teeth.16 
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The retentive requirements for provisional luting materials are that 

they be strong enough to retain a provisional restoration during the course of 

treatment but allow easy restoration removal when required. This 

paradoxical necessity for good retentive and sealing quality and easy 

restoration retrieval may lead to a compromise in material behavior, 

particularly regarding mechanical properties.45 Baldissara et al50 

recommended that interim restorations be frequently evaluated and used for 

only short periods of time. Literature reports advise that if provisional 

treatment is required over a protracted time period, it is best to remove and 

replace the provisional luting agent on a regular basis.74 

 

Some of the most commonly used cements with provisional prostheses 

are those containing zinc-oxide and eugenol.36 They provide sedative effects 

that reduce dentin hypersensitivity and possess antibacterial properties.46 

Unfortunately, free radical production necessary for polymerization of 

methacrylate materials can be significantly hampered by the presence of 

eugenol found in eugenol based provisional luting materials. This can 

interfere with the acrylic resin polymerization and hardening process.21 They 

can also be incompatible with some resin-based definitive luting agents for 

the same reason.46 
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Eugenol-free provisional luting materials are commercially available 

and have gained popularity due to the absence of resin-softening 

characteristics.21 Gegauff and Rosenstiel36 however, reported that Temp-

Bond (Kerr Dental, Orange, Calif) a zincoxide and eugenol based cement did 

not appear to have a significant adverse effect on the polymerization of 

acrylic resins. They postulated that the softening effect of eugenol on acrylic 

resin is dependent on the presence of unreacted eugenol, which may be 

minimal in Temp-Bond cement. 
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CLINICAL CONSIDERATIONS FOR 

PROVISIONAL TREATMENT INVOLVING 

NATURAL TEETH 

The literature describing the fabrication of provisional restorations is 

extensive but largely anecdotal. Virtually all teeth receiving cast restorations 

require provisional restorations. Properly executed provisional restorative 

treatment rarely fails and dislodgment or fracture usually indicates that their 

form is unacceptable or that a tooth preparation is inadequate. Provisional 

restorations should be smooth, highly polished, and alterable and for this 

reason custom made provisional restorations most consistently meet the 

biological, functional and esthetic needs of a patient. The brand of 

provisional material and method of fabrication are not as important as the 

devotion, skill and attention to detail of the dentist. 

�� Provisional restorations as a part of comprehensive treatment: 

Provisional restorations are not devoid of interactions with other 

modes of therapy. Patients often have periodontal, endodontic, orthodontic or 

surgical needs in conjunction with their prosthodontic treatment. Provisional 

restorations produce outcomes that range from microscopic tissue effects to 

psychological factors that change the patient's behavior. Provisional 

restorations can provide patients with increased confidence in treatment. 
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�� Diagnostic provisional treatment: 

 In the simplest situations, complete oral and extra oral clinical 

examination, as well as radiographic evaluation may be all that is necessary 

before commencing prosthodontic treatment. In more complex treatments, 

however, provisional restorations provide a means of designing, improving 

and assessing the occlusion, esthetics and contours for definitive restorations, 

as well as to determine their effects on gingival health, phonetics and 

patient�s adaptability before the initiation of the definitive treatment.87 

Provisional restorations fit into 2 categories:  

(1) Those that fit within an arch of fundamentally intact teeth that provide 

reference for their occlusion, contours and esthetics; and  

(2) Those that become the reference for the entire prosthesis. Provisional 

treatment for patients with more complex prosthodontic needs demand the 

fabrication and articulation of diagnostic casts and completion of a di-

agnostic wax-up in the maxilla-mandibular relationship in which 

definitive treatment is to be performed. 

�� Occlusal diagnosis and treatment: 

Casts of provisional restorations mounted to opposite definitive casts 

transfer contours, clinical crown dimensions and maxilla-mandibular 

relationship from a patient to a dental laboratory for developing occlusal 
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factors, especially anterior guidance for fixed prosthodontic treatment.3,59 

Sometimes treatment feasibility can only be tested via full-arch provisional 

restorations and occlusal problems are best diagnosed during a functional 

testing period with provisional treatment. 

 

�� Esthetic and phonetic diagnosis and treatment: 

Provisional restorations assist development and assessment of esthetic 

and phonetic values of the planned fixed prosthesis.18 Zinner et a14 proposed 

use of guidelines to test anterior contours. They recommended that the 

maxillary anterior incisal edges follow the contour of the lower lip, the 

"smile line" and all 6 maxillary anterior teeth should be in contact with their 

antagonists in maximum intercuspation. Evaluation of labiodental ("F" and 

"V") and sibilant ("S" and "CH") sounds are useful methods of ascertaining 

the lengths of maxillary incisors. Matrixes created from a diagnostic waxing 

or from casts of provisional restorations are useful tools for producing 

specific contours in a definitive prosthesis or communicating those concepts 

to the dental laboratory.9,50                                                                                                    

In certain situations phonetics and esthetics of a planned prosthesis can 

be assessed before tooth preparation by use of vacuum or pressure-formed 

matrixes that hold auto polymerizing acrylic resin between unprepared teeth 
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and proposed tooth contours to provide intraoral treatment simulation. 

 

�� Periodontal treatment and maintenance: 

Periodontal treatment is commonly the part of comprehensive 

prosthodontic care. These provisional restorations provide a matrix against 

which the tissue heals, guiding the generation of correct soft tissue 

architecture.72 According to Shave12, tooth preparations and provisional 

restorations should be completed with retraction cord in place. Patients 

should be seen weekly for evaluation and the provisional restorations are 

judged successful only when the gingival tissue reflects good general health. 

It has been recommended that when the duration of the periodontal treatment 

is less than 6 months, the use of acrylic resin provisional restorations should 

be adequate.82 For longer treatment periods, gold-band and acrylic-resin 

restorations are more appropriate. A provisional restoration also guides 

preparation of teeth that require periodontal surgery. Poorly fabricated 

provisional restorations have consequences for fixed prosthodontic treatment 

including: gingival recession; difficulty making impressions; difficulty 

fitting the definitive restorations; soft tissue damage; and inefficient use of 

time at prosthesis insertion.2 Provisional restorations play a role in long-term 

periodontal therapy as well. Chlorhexidine used in conjunction with 
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provisional treatment has been shown to reduce plaque levels and improve 

gingival indexes.75 

Slightly convex facial and lingual contours of provisional restorations 

and a flat emergence profile are effective in promoting gingival health. Good 

periodontal health can be created by developing the appropriate contour, 

good gingival adaptation and embrasure space of the prosthesis for the 

particular situation. Embrasure spaces that are too broad can cause food 

impaction and blunting of the papilla. 

 

�� Orthodontic conjoint treatment: 

It is generally better to avoid crown preparation before orthodontic 

treatment because after tooth movement; a tooth may be incorrectly 

prepared. However, in conjunction with tooth movement procedures, 

carefully planned provisional restorations can- 

1.  Replace hopeless or missing teeth to improve esthetics; 

2.  Achieve occlusal stability with missing posterior teeth and maintain 

vertical dimension of occlusion; 

3. Retain teeth in proper position; 

4. Allow maturation of investing tissues; 

5. Allow evaluation of questionable teeth; and 
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6. Provide anchorage where only a few teeth remain. 

�� Provisional fixed prosthesis fabrication: 

A) General concepts: Provisional fabrication involves 2 segments:      

  (1) "supragingival construction," the basic form providing abutment 

protection, stabilization, and function; and                     

(2) "intrasulcular extension," marginal fit and correct contours to   promote 

soft tissue health.  

Central to this is the use of a matrix to produce the external form and 

adaptation of material replicating the contour of the prepared tooth or teeth. 

Provisional restorations are often made clinically, though they may also be 

fabricated indirectly in the laboratory. In contemporary practice, the majority 

of provisional restorations are made wholly or in part with autopolymerizing 

acrylic resin.2 Lubricants applied to teeth or casts with indirect methodology 

are often recommended during fabrication of provisional restorations. 

B) Adaptation to a prepared tooth: Adaptation is done either directly on a 

tooth or indirectly on a plaster, stone, polyvinylsiloxane, or other replica of 

a prepared tooth.2,3 Representation of the internal surface adaptation, or 

intaglio is typically accomplished by adapting a plastic material such as 
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acrylic resin or occasionally a cement, such as zinc oxide eugenol to a tooth 

or tooth replica with an external shell or custom-made matrix. The internal 

surface adaptation is evaluated much like the surface of an impression.2 

C) Cavosurface adaptation: Provisional restorations must be made of a 

material, which is alterable and can be precisely adapted to prevent 

excessive cement film thickness. A marginal gap usually exists at the 

interface between tooth, provisional restoration, and cement allowing 

plaque to accumulate and compromise cementation. Relining provisional 

restoration margins produces the best adaptation as long as potential trauma 

from monomer and the exothermic heat of reaction is controlled with 

methods such as external water spray. Exposure of margins by placement of 

retraction cord, not by electrosurgery is recommended during fabrication 

directly on the teeth. Burnished copper or gold bands adapted to the 

cervical one third of a prepared tooth and incorporated into a provisional 

restoration are reported to improve margin adaptation, physiological 

contours and hygiene however; at least one report asserts that acrylic resin 

margins can be as good as metal band margins. 

Posterior crown preparations can expose 1-2 million dentinal tubules if 

all the enamel is removed. Dentin conditioners used with dentin bonding 
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systems have been shown to increase fluid flow through the dentin. Although 

dentin-sealing agents have demonstrated a reduction in dentinal tubule fluid 

flow, numerous sealants have a significant film thickness at the margin area, 

some as thick as 263�m. 

Form: Provisional restorations should have cervical concavities and 

proper emergence profile. It has been suggested that pontics should be 

designed for hygiene on the mandibular arch and hygiene and esthetics on 

the maxillary arch. The convex, "bullet-shaped," pontic has been suggested 

to be easiest to keep clean.2 

Liebenberg83 advocated avoiding splinted acrylic resin restoratiions 

whenever possible to promote better hygiene, cement removal, and reuse. 

Others advocate splinting adjacent provisional restorations together even if 

the definitive treatment plan calls for individual definitive restorations. 

Burnished metal bands incorporated in the provisional reportedly improve 

contours. 

D) Clinical Methods: 

Matrices: Numerous references have appeared in the literature since 1970 

.describing clinical fabrication methods. A matrix planned for provisional 

fabrication may copy existing tooth contours from the mouth with a 

diagnostic cast18 or produce customized contours created by a diagnostic 
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waxing. It is further suggested that, when possible this matrix should 

extend onto at least 1 tooth adjacent to the tooth being restored. The 

addition of acrylic resin, VLC resin or even elastomer impression 

materials can add contour to select areas of cast to correct extensively 

damaged teeth before making the matrix.53,54 

Transparent thermoplastic materials may be vacuum 13, 29, 41, 55, 56 or 

pressure adapted to a dental stone cast creating a matrix or external surface 

form. Transparent matrices can be used for provisional fabrication, to guide 

tooth preparation, as a laboratory aid and can become a part of the patient�s 

record.56 

Impression materials are useful for provisional matrices. 

Polyvinylsiloxane and irreversible hydrocolloid matrices serve functions 

other than providing an external surface form for the provisional restorations 

in that they can limit thermal insults to pulpal tissues.74 A disadvantage of 

Polyvinylsiloxane as a matrix material is its high cost. Other materials such 

as baseplate wax have also been used for matrices. 

1.�Direct fabrication: For selected patients, a denture tooth secured in 

position with typical class III composite restorations and orthodontic wire 

may be a suitable provisional restoration for a missing mandibular incisor 37 

For urgent situations, in the absence of any matrix or opportunity to create a 
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matrix, a provisional restoration can be fabricated by adapting a block of 

freshly mixed acrylic resin directly to a tooth. After the acrylic resin block 

has polymerized, the tooth contours can be carved with acrylic resin burs of 

choice and the restorative margins perfected intraorally. 

Most patients, however, require a more conventional approach. Fabricating 

provisional restorations directly on teeth using the "direct method" is suitable 

for single units and up to 4-unit fixed partial denture provisional restorations, 

according to a report. Three techniques encompass virtually all of the 

literature on direct provisional restorations: 

1. Use of a premanufactured provisional shell.2 ,11, 19, 28   

2. Use of an impression material24,54,68,69,74,77 or pressure or vacuum formed 

translucent matrix; and 

3. Use of a custom, prefabricated acrylic resin shell.21,23,29 

 

Prefabricated shell crowns are constructed from a variety of materials 

including aluminum, silver-tin, tin-bismuth, polycarbonate resin, celluloid, 

stainless steel and nickel-chrome and can be used as matrices for direct 

fabrication.2, 19  

Much more common in the literature is the use of impression materials 

or thermoplastic materials as shell matrices. Direct provisional restorations 
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made particularly of PMMA and to a lesser degree, poly-ethyl methacrylate 

(PEMA) must be cooled if the material is allowed to polymerize completely 

on a tooth; polymethylmethacrylate can increase pulpal temperatures as 

much as 7°C.45 Cooling the material during polymerization by its removal at 

initial polymerization and allowing complete polymerization to be completed 

while it is off the tooth, cooling with air-water spray, periodic removal, and 

flushing with water and use of a "heat sink" matrix material such as alginate 

will limit temperature increases to less than 4°C, minimizing the exothermic 

risk. Larger masses of exothermic materials such as with FPD provisional 

restorations produce greater pulpal temperature increase. 

Visible light polymerized materials produce smaller pulpal 

temperature increase and have extended working time compared with 

PMMA or PEMA.45 One author recommended softening Triad material in 

120°F to 150°F water, creating a "hollow" in the center of the softened 

material mass with a blunt instrument before seating and lubricating the 

tooth as a method for reducing the viscosity of material and promoting tooth 

adaptation. The adaptation was then evaluated extraorally before 

polymerization. External colorants can be applied either as autopolymerizing 

pigments or as suspensions within light polymerized unfilled acrylic resins. 

A number of reports 62 have recommended hybrid visible light-polymerized 
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composite/PMMA direct provisional restorations. Fehling14 stated that this 

combination decreased occlusal and proximal wear and recommended 

placing 3 coats of copal cavity varnish to protect the tooth from "deleterious 

effects� of free monomer. 

2. Indirect fabrication: The indirect method has been indicated to fabricate 

multiple unit provisional restorations to- 

(1) Avoid exposure of a patient to adverse properties of provisional 

acrylic resins;  

(2) Optimize the properties of provisional acrylic resins;  

(3) Allow the use of materials that are difficult to polymerize intraorally;  

(4) Make significant contour or occlusal changes; and  

(5) Provide for the fabrication of hybrid provisional restorations. 

A variety of methods of creating an acrylic resin shell customized for a 

patient's occlusion or contours have been published.81,56 Many authors 

describe indirect methods. 24,48,51,61,73,78 Indirect techniques generally use 

either approximate tooth preparations made on a duplicate cast or a cast of 

the actual tooth preparations made after the clinical procedure has been 

accomplished. A matrix made from a diagnostic wax-up of planned 

treatment tooth contours can be placed over the tooth preparations on the 

cast. Autopolymerizing acrylic resin can be packed into a matrix and fitted 
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over the prepared tooth cast or a diagnostic wax-up can be invested and 

boiled out so that tooth-colored, heat polymerized acrylic resin can be 

packed and processed.49 One advantage of the indirect technique is that it can 

be allocated to auxiliary personnel. 

Fabricating a provisional restoration wholly or in part using an indirect 

method reduces exposure of oral tissues to monomer, heat, shrinkage10,71 and 

reduces the volume of volatile hydrocarbons inhaled by a patient. Creating 

an indirect acrylic resin shell of an unprepared tooth that is later relined 

intraorally is one method of reducing patient exposure. Extensive shell 

matrices designed for adaptation and margin relining in the mouth can be 

initially fabricated of polycarbonate or visible light polymerized polymers.57 

It has been reported that provisional restorations fabricated indirectly 

have superior margins to those from direct techniques because the acrylic 

resin polymerizes in an undisturbed manner.10 Polymerizing auto 

polymerizing acrylic resin under heat and pressure improves the physical 

properties of the material. Reinforcing the vacuum or pressure formed matrix 

allows it to be secured to the cast on which the provisional 

shell is polymerized.24, 81 
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�� Provisional treatment for all ceramic veneer restorations: 

All-ceramic restorations including laminate, veneers have become a 

large part of dental practice. Most of what has been published regarding 

provisional treatment for veneers has focused on technical procedures. 

Provisional veneers are indicated when- 

(1) Esthetics and intelligible speech are important; 

(2) Mandibular incisors are veneered; 

(3) Dentin is exposed; 

(4) Proximal contacts are broken; 

(5) Maxillary teeth are inverted lingually and the veneer surface affects 

occlusion;  

(6) The preparation margin invades the gingival sulcus; and 

(7) The final veneer is dependent on patient approval of form, color, 

contour and position.  

Sheets stated that patients were happier with provisional veneers but 

recommended that provisional restorations not be luted. Provisional 

restorations allow patients to have a trial period for making notes about 

esthetics so that their desires can be taken into account with the definitive 

veneer treatment. Provisional veneers may be cemented,9,15,16  bonded44,45 or 

left unluted.48 
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In contrast to preparations for conventional cast restorations, 

preparations for porcelain veneers may not have mechanical retentive 

features and thus one concern regarding a provisional restoration�s tooth 

attachment while avoiding irreversible contamination or alteration of the 

luting surface of a prepared tooth. Elledge6 advocated placing 2 small 

dimples on opposing surfaces of the preparation to provide mechanical 

retention for the provisional veneer that is luted with a cement of the 

clinician's choice. One method that avoids excess cement while sealing the 

margin area is the "peripheral seal technique" that uses a 3-second etch of the 

preparation periphery and then bonding a provisional restoration primarily at 

the etched periphery. Similarly, a colored luting resin may facilitate removal 

of excess resin and reduce contamination of a tooth surface. After a 

provisional restoration is removed, 1 report indicated that a tooth could be 

satisfactorily cleaned of all residues with a micro-etcher (Danville 

Engineering, San Ramon, Calit).27 

Another technique known as the "spot etch" method incorporates 

provisional restorations that are luted with light polymerized acrylic resin to 

an etched spot near the center of the preparation. In an in vitro study of 

surface contamination associated with provisional bonding, a polyurethane 

isocyanate surface treatment left the cleanest tooth structure whereas non 
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eugenol provisional cement left significant but removable residue; dual 

polymerizing resin cement left tenacious residue that could only be removed 

with a bur.75 

A variety of methods for fabrication of veneer provisional restorations 

have been reported and are not unlike the methods advocated for 

conventional provisional restorations including a removable "splint," 48 with 

hand formed visible light polymerized materials, polycarbonate provisional 

crowns,14 acrylic resin shells9 and splinting together adjacent provisional 

veneers. 

�� Esthetics: 

Patients may be highly motivated by esthetics and instant 

improvement can be achieved through provisional restorations. Custom 

colored provisional restorations made with mixtures of acrylic resin powders 

creating an incisal polymer, a body polymer, and a cervical blend are easier 

to fabricate with an indirect method.24 Esthetically enhanced provisional 

restorations can be fabricated with visible light polymerized labial veneers or 

denture tooth facings conjunction with acrylic resin. 3,51,55  

Gingival architecture and tissue contour are among the many factors 

other than materials that influence esthetics. Anterior provisional restorations 

should provide the following esthetic benefits: 
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(1) Optimal periodontal health; 

(2) Visualization of the anticipated treatment Outcome; 

(3) Ability to test the incisal edge position and cervical emergence;  

(4) Development of appropriate anterior guidance; 

(5) Determination of need for periodontal surgery. 

Methods for improving or customizing colors also include coloring 

provisional luting cements15 and coloring provisional restoration with 

porcelain stains and visible light cure acrylic resins. Custom colored 

restorations have also been recommended.16,17 

 

 

 

 

 

 

 

 

 

 

 



90 
 

CLINICAL CONSIDERATIONS FOR 

PROVISIONAL TREATMENT INVOLVING 

DENTAL IMPLANTS 

Provisional prosthesis design for dental implant patients can vary 

widely, ranging from a removable acrylic resin complete denture, to an 

implant supported fixed prosthesis with several different potential designs 

that promote esthetics, convenience, loading of implants, tissue contour 

control, material strength and interim prosthesis durability. Although several 

removable prosthodontic provisional treatment modalities are available in 

conjunction with implant treatment, this discussion is primarily limited to 

fixed provisional prosthodontic treatment and specific materials. 

Manufacturers are indicated when available in the original reference. 

Generally, the literature related to implant provisionalization is dominated by 

anecdotal information and clinical observation. Information related to 

implant fixed provisionalization is therefore limited and is generally a 

carryover from natural tooth provisional treatment techniques. 

 

A provisional restoration in combination with an implant-retained 

restoration provides many of the same benefits derived when treating non-

implant retained fixed restorations. However, implant-retained treatment can 
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require an extended period of time and provisional treatment can present a 

challenge. When the implant retained prosthesis is located in an esthetic 

region, the need and desire for an interim prosthesis increases. In this 

respect, the transition from tooth-related fixed prosthodontics to implant-

retained prosthodontic treatment has evolved from experience with 

conventional treatment. Restorative techniques are often the same and 

management of a patient can simulate conventional fixed prosthodontic 

treatment. Nonetheless, the significance of provisionalization with implant 

prosthodontics cannot be overstated. 

Provisional fixed prosthodontic treatment options for an implant 

patient that may vary depending on: 

(1) The number, position or location of the implants; 

(2) The number of natural teeth remaining in the treatment arch;  

(3) Opposing occlusion; 

(4)  Whether teeth adjacent to the implant site(s) can serve as abutment 

teeth for a provisional restoration; and 

(5)  The desired protocol for provisional treatment at either first or second-

stage surgery. 

Historically, most endosseous implant systems have used a 2-stage 

surgical procedure. The surgical stages were separated by a 4- to 6-month 
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period to allow tissue integration. When necessary, a removable interim 

prosthesis was used. This protocol evolved from treatment of an edentulous 

patient to treating a partially edentulous patient. The use of a removable 

provisional prosthesis, however, in some situations has been less popular 

when treating a partially edentulous patient. Several factors have been 

proposed suggesting why this protocol has been challenged. When treating a 

partially edentulous patient, acceptance of a removable interim prosthesis 

may be objectionable and great lengths may be taken to fabricate a fixed 

provisional restoration to transition a patient through the implant integration 

period. 

A reduction of micro-movement of an implant due to the potential 

stability obtained from adjacent teeth as well as a rigid implant connection 

when treating both partially and completely edentulous patients may lead to 

successes when providing provisional treatment at first stage surgery. As a 

result, early or rapid loading of several implant systems has been tested; 

however, routine immediate or rapid loading of dental implants is still 

controversial. The use of transitional implants has also been explored for 

support of a fixed implant-retained provisional prosthesis. Of course when 

the adjacent teeth can be used as abutments supporting a fixed interim 

restoration, this treatment option may be more easily accommodated 
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throughout the implant integration time period. 

 

�� Single-tooth implant provisional treatment: 

One of the most challenging restorative treatment scenarios involves 

restoration of a single tooth implant. The demand for optimal esthetics and a 

natural appearance to a definitive restoration dictates a comprehensive 

diagnosis and treatment plan. Depending on the location of an implant, an 

interim prosthesis may or may not be necessary. For example, providing a 

provisional restoration in the posterior region during the implant integration 

period may be avoided if esthetic demands from the patient are low. On the 

other hand, in an esthetic region, great lengths may be taken to replace the 

edentulous area with a provisional restoration thereby providing a more 

socially acceptable interim treatment before a definitive restoration. 

Techniques related to replacing a single tooth with an implant 

prosthesis embrace both first and second stage surgical protocols. Provisional 

treatment options are also related to treatment history of the adjacent 

abutment teeth.26     

 

 



94 
 

��Provisional treatment at first-stage surgery: single-tooth, implant-

retained: 

The placement of interim implant-retained fixed restorations at first-

stage surgery provide benefits related to the time involved and the multi-step 

process in dental implant therapy, as a result, provisional fixed implant 

supported restorations have gained in popularity. Fixed implant-retained 

provisional treatment at first-stage surgery eliminates a removable interim 

prosthesis and the need to involve adjacent natural teeth. Although many 

reports advocate or explore this protocol, implant provisionalization 

techniques are, in most respects, a carryover from conventional natural tooth 

provisionalization. The literature is comprised of technique information with 

little or no scientific or evidence-based information presented. 

Several studies have questioned or evaluated the potential to restore an 

implant fixed prosthesis using earlier or more rapid occlusal loading thereby 

incorporating a fixed provisional restoration early in the implant restorative 

procedure. Kupeyan and Ma described a technique in which the 2-stage 

Branemark implant system (Nobel Biocare, Yorba Linda, Calif) was used in 

a I-stage, non-submerged surgical procedure with placement of an interim 

fixed single crown restoration at stage-I surgery. The authors modified 
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Branemark healing abutments (5.5 or 7.5 mm in length) in laboratory before 

the surgical date for fabrication of provisional restorations. The authors also 

fabricated acrylic resin coping to fit the modified healing abutments, with an 

autopolymerizing acrylic resin (Jet Acrylic, Lang Dental Mfg. Co, Chicago, 

Ill) in the appropriate patient shade. A provisional crown was fabricated from 

either a polycarboxylate material or a polystyrene reformed provisional shell 

that was filled with autopolymerizing methylmethacrylate of an appropriate 

shade. After surgical implant placement, an interim restoration was 

fabricated by fitting the resin coping to the modified implant healing 

abutment and uniting crown to the coping with a small amount of 

autopolymerizing resin. Final finishing of the margins of provisional 

restoration was accomplished extraorally. The provisional restoration was 

luted with provisional cement. 

Chee and Donovan84 also described provisional restorative treatment 

of a single implant-retained crown at both first- and second-stage surgery. At 

second-stage surgery, the authors advocated recontouring the soft tissue cuff 

with a coarse diamond and placement of a provisional restoration with ideal 

axial contours. They also described fabrication of a provisional crown before 

second-stage surgery with the technique described by Hochwal54 in which an 

impression is made at first stage surgery by use of surgical guide. The 
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resultant cast allowed fabrication of a provisional restoration before 

uncovering the implant. 

A technique for fabricating a provisional, screw-retained restoration 

for immediate loading of single implants was presented by Proussaefs and 

Lozada.126 A provisional restoration was fabricated for a maxillary first 

premolar extraorally during the surgical appointment. The usual preparatory 

phase of treatment was done before the surgical procedure: (1) diagnostic 

casts; (2) diagnostic waxing (Sculpturing Wax; Williams Co, Amherst, 

Mass); (3) duplication of diagnostic waxing with an impression (Coe 

Alginate; GC America Inc, Alsip, Ill); and (4) generation of a gypsum cast 

(Microstone; Whip Mix Corp, Louisville, Ky). A vacuum formed matrix 

(Ultradent Products Inc, South Jordan, Utah) was also fabricated. The 

authors fabricated a light-polymerized acrylic resin template (Triad; 

Dentsply International, York, Pa) on the duplicate cast that was used as a 

surgical guide during implant placement and also registered the implant 

position at time of surgery by applying autopolymerizing resin between the 

access hole of the template and the implant (Pattern Resin; GC Co, Tokyo, 

Japan). After polymerization, the template was removed, an implant analog 

was attached to the guide, and the template was positioned on the original 

diagnostic cast that had been modified to allow placement of the implant 
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analog. The analog was incorporated into the cast with autopolymerizing 

acrylic resin (Pattern Resin; GC America). A "temporary" hexed abutment 

(Replace; Nobel Biocare) was placed on the implant analog and, after 

verifying the appropriate occlusal height and position of the abutment with a 

clear vacuum formed matrix, a screw-retained provisional was fabricated 

with matrix and autopolymerizing acrylic resin (Alike; GC America). The 

provisional restoration was trimmed in the laboratory and adjusted 

intraorally. Gomes et al also described this technique in which the 

provisional restoration was fabricated in the laboratory before the surgical 

placement of the implant. 

 

��Provisional treatment at first-stage surgery: partially edentulous and 

edentulous implant retained- 

Published reports have advocated immediate loading of multiple 

implants in an edentulous or partially edentulous patient to avoid a 

removable interim prosthesis. In most articles, authors did not describe the 

material and methods involved with provisional fabrication therefore details 

are limited. 
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Horiuchi et al37 reported the immediate loading of Branemark implants 

after placement in edentulous patients and treatment with fixed interim 

restorations. The authors fabricated heat-polymerized acrylic resin 

provisional restorations reinforced with chromium-cobalt castings. At the 

time of stage-1 surgery, implants were immediately loaded and incorporated 

within the provisional restoration using "temporary" cylinders. Jaffin et al33 

also evaluated the immediate loading of implants in partially and completely 

edentulous patients. Rigid fixation and the use of a metal reinforced, 

passively fitting provisional restoration were factors proposed for successful 

use of this protocol. 

 

Kinsel and Lamb 36 described gingival esthetics related to treatment of 

an edentulous patient with an immediately loaded single-stage, implant-

supported fixed prosthesis. The authors fabricated heat-polymerized acrylic 

resin provisional restorations from diagnostic casts. These provisional 

restorations were relined intraorally at the time of implant placement. The 

authors also described treatment in which retention from sufficient teeth to 

support a transitional fixed prosthesis and ovate pontics were created within 

the extraction sites to be used to maintain facial prominence and interdental 

papillae surrounding the extracted teeth. After implant integration, the 
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remaining abutment teeth were extracted, and the provisional prosthesis was 

converted to a solely implant-supported provisional prosthesis. 

In a preliminary report, Balshi and Wolfinger30 evaluated the 

immediate loading of Branemark implants placed in the mandibular arches of 

10 edentulous patients. The design involved 4 widely distributed implants 

that were immediately loaded with an interim, fixed, implant-retained 

prosthesis at first-stage surgery. The authors used additional implants in a 

conventional manner to provide sufficient support for a definitive fixed 

prosthesis, even if all the immediately loaded implants failed. 

Balshi and Wolfinger30 also described the "conversion prosthesis." one 

that at second-stage surgery was converted from a complete denture to a 

fixed interim prosthesis. The technique involved incorporation of modified 

screw-retained impression copings (as opposed to more costly gold 

cylinders) within a wire-reinforced complete denture. Advantages suggested 

by the authors were as follow: 

1)� A fixed prosthesis with improved function, stability, and distribution 

of load was provided immediately following second-stage surgery; 

2)� The prosthesis protected the mucosa; 

3)� It served as a prototype for definitive prosthesis;  

4)� It could be used as a verification jig; 
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5)� The original vertical dimension of occlusion was preserved; 

6)� The provisional restoration aided in obtaining and transferring 

interocclusal records; 

7)� It assisted long-term patient maintenance and reduced the number of 

treatment visits. 

Cibirka and Linebaugh36 described modification of an existing 

conventional complete denture to a fixed/ detachable interim prosthesis 10 to 

14 days after second stage surgery. The authors modified an existing 

mandibular complete denture by attaching Branemark "temporary" cylinders 

(Nobel Biocare) with an autopolymerizing acrylic resin using a closed-mouth 

technique. Once polymerization was complete and the fit verified, the 

denture base flanges were modified with the provisional prosthesis removed 

to resemble the definitive prosthesis. After polishing, the prosthesis was 

attached to transmucosal abutments and the screw access holes were sealed 

with Cavit (ESPE). The authors suggested advantages of this interim 

treatment technique stating that the procedure was accomplished in 1 

appointment, it was convenient for a patient and the prosthesis served as a 

template for a definitive Prosthesis. Berglin also presented conversion of a 

patient's existing complete denture by fitting gold cylinders to a prosthesis 

(DCA-072 or 073; Nobelphanna USA, Inc) with acrylic resin (Coe-reet; Coe 
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Laboratories). 

Aparicio32 outlined the importance of passively fitting provisional 

implant retained prostheses in a technical report. He emphasized that interim 

treatment offers the possibility of evaluating or creating the following: 

(1) A proper emergence profile; 

(2) Peri-implant health; 

(3) Occlusion; and 

(4) Esthetics, phonetics and hygiene.  

This also facilitates progressive loading of implants during the bone 

maturation period. Modified gold cylinders for Estheti Cone abutments 

(Nobel Biocare) were used so that a provisional prosthesis could be luted to 

the cylinders in the mouth with a provisional luting cement (Kulzer 

Microfilm Pontic Cement; Heraeus Kulzer , Wehrheim, Germany). This 

provided a circumferential fit between the prosthesis and gold cylinders and 

easy retrievability. 

 

�� Tooth-retained provisional treatment at or before first-stage 

surgery: 

When teeth adjacent to an implant are not to be restored with a fixed 

prosthesis, a resin-bonded fixed partial denture (RBFPD) may provide an 
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interim treatment option, avoiding or eliminating a removable prosthesis. 

Breeding and Dixon32 described the fabrication and use of a resin-bonded 

prosthesis with orthodontic retainers (Bond-A-Splint; TP Orthodontics, Inc, 

La Port, Ind) and a light-polymerizing restorative material (Triad VLC 

Provisional Material; Dentsply). After surgery, the interim prosthesis is 

bonded to adjacent natural teeth. 

Hannon et a118 described bonding an extracted or denture tooth to 

adjacent natural teeth as a means of providing provisional treatment for an 

edentulous space. This technique offers fixed reversible provisional 

treatment ultimately leading to an implant-supported restoration. 

Zinner et al68 presented 2 RBFPD techniques as a means of eliminating 

a removable provisional prosthesis in a partially edentulous patient. Both 

used cast -metal frameworks with denture teeth processed to the framework 

before cementation, but only one method involved longer span requiring 

preparation of abutment teeth. 

A provisional fixed prosthesis can be placed before or at the time of 

implant placement surgery when the adjacent teeth either need full coverage 

restorations or might be extracted after integration of the implants. The 

advantages of this treatment compared to a provisional removable prosthesis 

have been described. 
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  A multifunctional provisional implant-retained FPD described by 

Tung et a138 was a modification of a previously reported metal-reinforced 

FPD.1 The authors incorporated matrix-patrix plastic patterns as an integral 

part of the metal framework (Rexillium III; Jeneric/ Pentron Inc, 

Wallingford, Conn). The patrix was fabricated as part of a cast metal 

framework and cast matrix was later incorporated into the removable pontic 

section. The pontic section was initially used as a radiographic and surgical 

guide and was subsequently modified and provisionally cemented (Temp-

Bond; Kerr Corp) until second-stage surgery, when the pontic section was 

again modified and cemented as an implant supported prosthesis. A 

disadvantage noted by the authors was cost; however, they stated that the 

long-term cost-effectiveness and benefit of the prosthesis outweighed the 

disadvantage of increased cost. 

Zinner et al11 advocated use of a cantilever provisional restoration 

when no maxillary molars and posterior implants are planned. If the 

premolar(s) are to be restored with complete crowns, 1- or 2-unit, metal-

reinforced, acrylic resin cantilever provisional pontics may meet the esthetic 

requirements of a patient; the pontics are left out of occlusion to reduce 

torquing forces applied to the provisional prosthesis and abutment teeth. 

After implant integration, a screw retained acrylic resin provisional can be 
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fabricated with titanium provisional abutments (Implant Innovations, Inc, 

West Palm Beach, Fla). The authors supported the advantages of second-

stage provisional treatment by citing anecdotal references involving 

incremental and progressive loading and clinical criteria related to the 

control of occlusal and restorative contours. 

��Implant-retained provisional treatment at second-stage surgery: 

Several advantages have been purportedly related to fixed provisional 

restorations after second-stage surgery: 

(1) Improved tissue contours related to emergence profile;  

(2) Development of inter-dental or inter-implant papillae;  

(3) Potential avoidance of a third surgical operation;  

(4) Fixation of the prosthesis; and 

(5) Customization during the healing process to form an esthetically 

contoured prosthesis. 

 

Dumbrigue et a119 described options for fabrication of provisional 

restorations for an ITI solid abutment (Straumann, USA, Cambridge, Mass). 

The uses of an ITI plastic (burn-out) coping, fabrication of an acrylic resin 

coping on a brass ITI practice solid abutment, with the ITI impression cap 

for solid abutment as a core and fabrication of a provisional restoration with 
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the ITI cementable Protective Cap were presented. 

Techniques for incremental loading can be employed either directly or 

indirectly after second-stage surgery. Others have described similar 

techniques involving tissue contour development and esthetic concerns6, 19  

The use of interim restorations to influence or maintain soft tissue 

contours before fabrication of a definitive prosthesis has been suggested as a 

key function of an interim implant restoration. 28, 73 

Jemt 11 reported that although provisional crowns may accelerate soft 

tissue contour development compared with healing abutments, the papillae 

adjacent to single implant definitive restorations developed similar tissue 

volume in both modalities after 2 years in function. The author 

recommended the need for more scientific data to evaluate different clinical 

procedures for optimizing esthetic results in implant dentistry. 

Stein and Nevins10 outlined the relationship of the guided gingival 

contour to a provisional crown for a single implant restoration. Submergence 

profile (the vertical discrepancy between an implant platform and an adjacent 

tooth's cementoenamel junction), the potential guided gingival growth, and 

the relationship of titanium provisional abutment gingival surfaces to the 

healing tissue were explained. The authors propose that the greater this 

discrepancy, the more unpredictable the guided gingival growth. Other 
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aspects of guided gingival growth include 

(1) Keratinized gingival tissues; 

(2) Titanium provisional abutments; 

(3) A non-traumatic provisional treatment; and 

(4) A goal of achieving a realistic 1 mm to 4 mm increase in gingival 

growth. 

Although these techniques and guidelines may lead to successful 

treatment, no scientific data were presented. Biggs and Litvak12 advocated 

making impressions at first-stage surgery to fabricate casts incorporating 

implant analogs for single-tooth replacement. They used interim cylinders 

(Implant Innovations Inc.) to fabricate autopolymerized, screw-retained, 

acrylic resin provisional restorations that were placed at second-stage 

surgery. The authors recommended screw-retained provisional restorations 

suggesting that elimination of cement aided tissue healing, that the highly 

polished surface of the abutment would not be damaged by cement removal 

and the ability to remove a provisional restoration helped facilitate 

adjustments to perfect contours of both the provisional restoration and soft 

tissues. 

In a clinical report describing the adverse axial inclination of a single 

tooth implant, author used a single interim abutment (Nobel Biocare) to 
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provide a matrix for a provisional restoration. The abutment was evaluated 

so that the portion that protruded beyond the proposed provisional crown 

contour was marked. The abutment was removed from the implant, adjusted 

extraorally to create the proper profile, reinserted, and an acrylic resin 

provisional restoration (Myerson acrylic resin; Nobelpharma USA Inc) was 

fabricated directly by use of a vacuum formed matrix. The desired 

emergence profile was created extraorally and the provisional restoration 

was luted with provisional cement (Temp- Bond; Kerr Mfg. Co). The 

provisional restoration could also be screw retained. 

�� The immediate fixed transitional restoration: 

Another means of eliminating a potentially unstable removable 

provisional prosthesis that might interfere with soft tissue healing was 

proposed that used immediate transitional implants supporting a fixed 

provisional prosthesis at just after first stage surgery. 

 

�� Dental implant provisional treatment: Materials and Methods 

Several methods of implant provisional restoration fabrication have 

been described in the literature. 19,21 Chaimattayompol23 described the use of 

square impression copings for wide diameter implants at the implant level 



108 
 

when fabricating a provisional implant supported prosthesis, advocating 

improved precision of fit, healthier peri-implant tissue because of high 

polished metal surface and cost effectiveness of the procedure. 

Fabrication of an autopolymerizing acrylic resin cylinder was also 

described and advantages such as simplicity, lack of special equipment 

required, improved resin bonding, ease of modification and potential color 

improvement were noted. 

Balshi and Volfinger14 presented a technique for fabricating auto-

polymerizing acrylic resin copings for CeraOne abutments. Jet Acrylic was 

allowed to flow onto the lubricated abutment and was manually adapted as it 

polymerized. After polymerization of the resin, the coping was removed, 

trimmed and polished. The acrylic resin coping could then be placed on the 

abutment at time of connection and a polycarbonate resin provisional tooth 

form (Ion; 3M Dental Products) was relined onto the coping. The authors 

pointed out that this procedure provided a chemical bond of resin to resin 

which they explained was lacking when a manufactured healing coping or 

the provisional coping components were used. Other benefits included 

increased patient satisfaction and reduced chair time for repairs. 

Another use for the fixed interim partial denture in preliminary phase 

of implant treatment was presented by Stellino et a1.15 A dual purpose 
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implant guide was described where the author fabricated abutment- retained 

FPD incorporating gutta-percha in locations where implant placement is 

desired. The cemented provisional restoration, therefore, served as a 

radiographic guide and was also use later as a surgical guide. After implant 

placement, the gutta-percha was replaced with autopolymerizing acrylic 

resin. 

�� Material strength and provisional prosthesis durability in relation to 

dental implants: 

The necessity for long-term provisional treatment of an implant-

restored patient follows provisional techniques used in traditional fixed 

restorative treatment. Longer spans, longer treatment times and the necessity 

for addressing tissue contour issues before definitive treatment dictate 

techniques that would provide more durability. Management involving 

indirect fabrication of acrylic resin provisional restorations for increased 

polymerization and reinforcement with assorted types of methods and 

materials has been described. 

Fabrication of a heat-polymerized provisional implant-supported fixed 

partial denture was advocated by allal                             

and Morgano16. The authors sighted increased resin strength and durability as 

advantages when longer healing times are necessary for the patient treated 
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with implants. 

�� Procedures: 

�� Technique for Prefabricated Provisional Restorations: 

The requirements for a good provisional restoration are most easily 

and completely met by a custom indirect restoration. But clinical situations 

will arise in which it may not be possible or desirable to make a custom 

acrylic resin provisional crown. Prefabricated polycarbonate crowns are 

easily adapted to produce esthetic provisional crowns in expeditious manner 

on prepared single anterior teeth in most patients.17 The patient may present 

with an emergency situation in which a posterior tooth has fractured and 

there is no time available for a definitive tooth preparation and a custom 

provisional crown. In those cases, a preformed anatomic metal crown form 

can be employed to protect the tooth and the patient made comfortable until 

sufficient time can be arranged for completing the treatment. 

��Anterior Polycarbonate Crown: 

A suitable provisional restoration can be made for single anterior teeth 

by use of polycarbonate crowns. However, they frequently will require 

extensive alterations, correct morphologic discrepancies and improper 

contours. If they are not carefully contoured, they will have horizontal 

overhangs that will be damaging to the gingiva; to accomplish recontouring 
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that is required and to provide the necessary retention. The tooth-colored 

crown must be relined with a resin. This can be accomplished with greatest 

accuracy by doing the reline on a quick-set plaster cast of the prepared tooth. 

��Armamentarium: 

1. Anterior sectional impression tray (one only)  

2. Alginate 

3. Rubber bowl   

4. Spatula 

5. Quick-set plaster 

6. Polycarbonate crown kit 

7. Pencil 

8. Straight hand piece 

9. Acrylic bur 

10. Coarse garnet disc on Moore mandrel  

11. Burlew disc on mandrel  

12. Large camel-hair brush  

13. Cement spatula 

14. Dappen dish 

15. IPPA plastic instrument  

16. Separating medium  
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17. Monomer and polymer 

18. Medicine dropper  

19. Muslin rag wheel 

20. White polishing compound                     

21. Miller forceps 

22. Articulating paper 

23. Zinc oxide � eugenol cement  

24. Explorer 

25. Mouth mirror  

26. Dental floss 

 

When the tooth preparation has been completed, make an alginate 

impression of the prepared tooth, using an anterior sextant tray. Apply 

alginate around the prepared tooth with the tip of the index finger. After the 

impression has been removed from the mouth, pour it up with a thin mix of 

fast-setting plaster. Separate the cast from the impression as soon as a 

fingernail cannot score the cast.  

Use the mold guide provided with the kit being utilized to determine 

proper mesiodistal size for crown form. Remove the corresponding size of 

crown from its compartment in the kit and place it on the prepared tooth on 
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the cast or in the mouth. With a pencil, make a mark on the gingival portion 

of the labial surface. The distance from the pencil mark to the margin should 

equal the length discrepancy between the incisal edge of the crown form and 

the incisal edges of the adjacent teeth. 

The excess gingival length is trimmed away with a large carborundum 

stone or an acrylic bur, using the pencil line as a reference mark. Try the 

shortened crown back onto the prepared tooth. If it is too tight 

interproximally adjust it.  

Paint the cast of the prepared tooth and the surrounding area with 

liberal amounts of a "tin foil substitute" separating medium (Alcote). 

Accelerate the drying with an air syringe and make sure that the cast is dry 

before starting to mix the resin. 

Place four drops of monomer into a dappen dish and add tooth-colored 

polymer. While polycarbonate crowns are available in only one shade, it is 

possible to modify that shade somewhat by shade of acrylic resin used to 

reline it. Fill the crown form with resin applied with an IPPA plastic 

instrument. When the acrylic resin just begins to lose its gloss, seat the 

crown forth on the plaster cast, slowly expressing all the excess resin around 

the margins. Make sure that it is seated completely, and place it in a bowl of 

hot tap water to accelerate polymerization. 
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When the resin has polymerized completely, remove the provisional 

crown from cast, breaking the cast if necessary. A coarse garnet disc on the 

straight handpiece is used to trim away the excess at the margins. In many 

cases this will mean that part of the original polycarbonate crown will be cut 

into and recontoured. Do not leave any sharp ledges or abrupt contour 

changes near the margin. If necessary, recontour the gingival half of the axial 

contours. Only in this way will it be possible to obtain a satisfactory 

provisional restoration by this technique. 

If the tooth is non-vital or if a resin other than poly (methyl 

methacrylate) is used, the crown can be relined on the prepared tooth in the 

mouth. The preparation is coated with petrolatum and crown must be 

removed before the resin has polymerized to a stiffness that locks it into 

interproximal undercuts. Cut off as much of the rubbery excess as possible 

with a pair of curved scissors. Keep reseating and removing the crown until 

the relining resin has completely polymerized. 

Place the crown on prepared tooth in mouth and check the occlusion 

with articulating paper. Adjust any high spots with a non-dentate bur after 

removing the crown from the tooth. Smooth out the rough abraded areas in 

the lingual and incisal areas, as well as those surfaces recontoured near the 

margin, with a Burlew wheel in the straight handpiece. 
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Polish all surfaces of the provisional restoration with polishing 

compound (Yellow Diamond Polish Compound, Matchless Metal Polish Co) 

on a muslin wheel. It is possible to return the crown to its original luster by 

this means. Coat the outer surface of the crown with petrolatum to prevent 

the cement from sticking to it. Cement the restoration with zinc oxide-

eugenol cement. Make certain that all cement has been removed from the 

gingival crevice by using an explorer. Use dental floss interproximally to 

remove any cement left there. 

 

��Technique for custom provisional restoration: 

��Over impression fabricated provisional crown: 

The use of alginate over impression remains a popular technique, 

because it is always readily available in the dental operatory. It is easily 

adapted to intraoral use in the event that the proposed restoration of a tooth 

with amalgam is unexpectedly re-planned as a cast restoration. 

��Over impression Armamentarium: 

1. Diagnostic cast 

2. Utility wax 

3. No.7 wax spatula 
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4. Quadrant impression trays (two, same side) 

    5. Alginate 

6. Rubber bowl 

7. Spatula 

8. Quick-set plaster 

9. Laboratory knife with no. 25 blade  

10. Heavy-duty laboratory knife  

    11. Large camel-hair brush  

    12. Cement spatula  

    13. Dappen dish 

14. Separating medium 

15. Monomer and polymer  

16. Medicine dropper  

17. Heavy rubber band  

18. Straight handpiece 

19. Acrylic burs 

20. Abrasive discs and Moore mandrel 

The over impression, frequently is made in the patient's mouth while 

waiting for the anesthetic to take effect. However, if the tooth to be restored 

has any obvious defects, the over impression should be made from the 
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diagnostic cast, after immersed in a plaster bowl of water for 5 minutes. 

Wetting the cast in this manner will keep the alginate from adhering to it. 

When the alginate has set, the over impression is removed from the 

diagnostic cast and checked for completeness. A laboratory knife with a no. 

25 blade is used to trim off all excess alginate. Thin flashes of impression 

material that replicate the gingival crevice are removed to insure that there 

will be no impediments to the complete seating of cast into the over 

impression later. The impression is wrapped in a wet paper towel and placed 

in a ziplock plastic bag for later use. 

When the tooth preparation is completed, another quadrant impression 

is made in alginate. This impression is poured up with a thin mix of quick-

setting plaster. Excess material should be trimmed off on a model trimmer 

when the plaster has set. The trimmed cast should have at least one tooth on 

either side of the prepared tooth, if possible. Areas of the cast that duplicate 

the soft tissues should be reduced as much as possible. 

Check the occlusal surfaces and gingival crevices for any plaster 

nodules that will prevent complete seating. Then try the trimmed quick-set 

plaster cast in the over impression to make sure that it will seat completely. 

Coat the prepared tooth and adjacent areas of the cast liberally with a "tin 
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foil substitute" separating medium (Alcote). Allow the material to dry before 

mixing the acrylic resin. Drying can be accelerated by use of an air syringe. 

Mix tooth-colored acrylic resin in a dappen dish with a cement 

spatula. Use 12 drops of monomer for each tooth being restored. Place resin 

in the over impression so that it completely fills the crown area of the tooth 

for which the provisional restoration is being made. 

Seat the cast into over impression, making sure that teeth on the cast 

are accurately aligned with the tooth impression. The force used to seat the 

cast into alginate impression is critical.12 Excessive force can overseat the 

cast and uneven force can torque the cast, either of which will affect the 

restoration. 

Once the cast has been firmly seated and the excess resin has been 

expressed, hold the cast in place with a large rubber band. It is important that 

the cast be oriented securely in an upright position so that the space between 

the cast and the impression that is filled with the resin forming the 

provisional restoration will not be distorted. If the cast is torqued to one side 

by the rubber band, the cast may be forced through the soft resin in some 

areas, resulting in a provisional restoration that may be thin in those areas 

and thicker than desirable in others. If the cast is seated with too much force, 

or if rubber band is wrapped around the assembly too many times, the cast 
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may be forced through the resin occlusally, resulting in a provisional 

restoration with an occlusal surface that is too thin. 

Place the over impression plaster cast assembly in a plaster bowl full 

of hot tap water for approximately 5 minutes or into a pressure pot if one is 

available. Allowing a poly (methyl methacrylate) provisional restoration to 

polymerize in a pressure pot less than 20 psi will decrease porosity and 

increase the transverse strength of restoration by 28%.18 

When the resin has polymerized, remove the rubber band to 

disassemble quick-set plaster cast from the over impression. If the restoration 

is not easily removed from the cast, break the tooth off the plaster cast with a 

heavy-bladed laboratory knife. Use the sharp end of a thin-bladed knife or 

some other small, pointed instrument to remove any plaster that remains in 

the provisional restoration. Ease of removal is one of the advantages of using                   

weak, quick-set plaster. 

Acrylic burs or coarse Moore discs are used to trim excess resin from 

the provisional restoration. Before attempting to seat the restoration on tooth, 

be sure to remove all resin extending beyond the preparation finish line into 

undercut areas. Smooth the axial surfaces near the margins of restoration 

with a fine sandpaper disc. 



120 
 

��Cementation Armamentarium : 

1. Articulating paper 

2. Miller forceps  

3. Straight handpiece  

4. High-speed handpiece  

5. No. 171 L FG bur 

6. Muslin rag wheel  

7. Pumice 

8. Cement spatula 

    9. Paper pad 

10. Zinc oxide-eugenol cement  

11. Petrolatum 

12. Explorer 

13. Mouth mirror  

14. Dental floss 

Seat the provisional restoration on the tooth in mouth. Check the 

occlusion with thin articulating paper. Remove restoration from the tooth and 

adjust the occlusal prematurities with a non-dentate bur. When the occlusion 

has been adjusted to make the patient comfortable, polish the restoration first 

with pumice and then polishing compound on muslin rag wheel. Besides 
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making the provisional restoration easier to clean and more comfortable for 

patient, polished materials are much less likely to discolor.79 

To fit a provisional crown with an existing removable partial denture, 

under contour the crown so it does not touch any rests or clasps on that tooth. 

Add resin to outside of the crown and while the resin is still soft, seat the 

crown on tooth. To form the rest seat and guide planes on the crown, 

lubricate the partial denture with petrolatum and seat it over the provisional 

crown. Pump the partial denture up and down several times to insure that it is 

not locked into any undercuts. Remove the crown from the tooth, smooth any 

rough areas and polish the crown. 

The restoration should be cemented with a temporary cement of 

moderate strength. After zinc oxide-eugenol cement has been mixed to a 

thick, creamy consistency, an amount of petrolatum equal to 5% to 10% of 

the cement volume is incorporated to slightly reduce the strength of cement. 

This will facilitate removal of the provisional restoration at a subsequent 

appointment. If the preparation is short or otherwise lacking in retention, the 

petrolatum should not be added. 

It is not necessary to keep zinc oxide-eugenol cement dry while it is 

setting. In fact, moisture will accelerate the hardening. Coating the outside of 

the restoration with a thin film of petrolatum prior to cementation will aid in 
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the removal of excess cement. After the cement has hardened, all excess 

must be removed from the gingival crevice. Use an explorer in accessible 

areas and dental floss inter-proximally. 

��Template-Fabricated Provisional Fixed Partial Denture: 

When a fixed partial denture is to be made for a patient, the 

provisional restoration should also be in the form of a fixed partial denture 

rather than individual crowns. In the anterior region it will provide a better 

cosmetic result. However, even in the posterior region a provisional fixed 

partial denture will better stabilize the teeth and will afford the patient the 

opportunity to become accustomed to having a tooth in the edentulous space 

again. 

��Template Armamentarium: 

1.� Diagnostic cast 

2.� Mor-'Tight strand 

3. N0.7 wax spatula  

4. Denture tooth  

5. Crown form 

6. Vacuum forming machine 

 7. Coping material or temporary splint material  
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 8. Quadrant impression trays  

 9. Silicone Putty 

10. Wire frame  

11. Bunsen burner  

12. Scissors 

13. Laboratory knife with no. 25 blade  

14. Heavy-duty laboratory knife  

15. Large camel-hair brush  

16. Cement spatula  

17. Dappen dish 

18. Separating medium 

19. Monomer and polymer  

20. Medicine dropper  

21. Heavy rubber band  

22. Straight handpiece  

23. Acrylic burs 

24. Abrasive discs and Moore mandrel. 

To make a template, place the metal crown form or denture tooth in 

edentulous space on the diagnostic cast. All of the embrasures should be 

filled with putty to eliminate undercuts during adaptation of the resin 
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template. 

To facilitate removal of the template, a thin strand of putty can be 

placed around the periphery and on the lingual surface of the cast, apical to 

the teeth. Use a large acrylic bur to cut through the middle of the cast (mid 

palatal or mid lingual). Place a 5 x 5 inch sheet of 0.020 inch thick resin in 

the frame of vacuum forming machine with the shiny surface down. If 

temporary splint material is used, both sides will be shiny. Turn on the 

heating element of the machine and swing it into position over the plastic 

sheet. 

As the resin sheet is heated to the proper temperature, it will droop or 

sag about 1.0 inch in the frame. If you are using coping material, it will lose 

its cloudy appearance and become completely clear. The cast should be in 

position in the center of the perforated stage of vacuum forming machine. 

Turn on the vacuum. 

Grasping the handles on the frame that holds the heated coping 

material, forcefully lower the frame over perforated stage. Turn off the 

heating element and swing it off to the side. After approximately 30 seconds, 

turn off the vacuum and release resin sheet from the holding frame. After 

removing the resin sheet from the frame, use a laboratory knife with a sharp 

blade (no. 25) to cut through resin over the Mor-'Tight strand. 
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If a vacuum forming machine is not available, it is still possible to 

fabricate a template for a provisional restoration. Fill a quadrant impression 

tray with soft silicone putty available in most variety or toy stores. Cut a 

sheet of coping material in half and insert it, shiny side down into a wire 

frame bent from a coat hanger. Heat the resin sheet over a bunsen burner 

flame until it sags and becomes clear, which usually occurs in about 10 

seconds. 

Place the softened sheet over the cast. Forcefully seat the tray of 

silicone putty over the coping material. To accelerate cooling, blow com-

pressed air on the plastic sheet and the impression tray. After about a minute, 

snap the tray off the cast. If the silicone putty sticks to resin sheet, the putty 

can be easily removed by pulling it off in quick jerks. Rapid separation 

causes the silicone putty to exhibit brittleness that will result in easy 

removal. Replace the putty in its original container for later reuse. Separate 

the template from the diagnostic cast. 

Trim the template (however it was fabricated) with a pair of scissor. It 

should extend at least one tooth on either side of the prepared teeth. Save 

those portions not needed for possible later use. 

Upon completion of the preparations, make an alginate impression of 

them and pour it in fast-setting plaster. The plaster cast will include replicas 
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of soft tissue and teeth that are not needed. Trim the cast so that it includes 

only one tooth on either side of the prepared teeth. Try on the template to 

verify its fit. 

Coat the cast with Alcote separating medium and allow it to dry. Mix 

the acrylic resin in a dappen dish and place some on protected areas of the 

cast, such as interproximal spaces and in grooves and boxes. As the resin 

begins to lose its surface gloss and becomes slightly dull, fill the area for 

which the provisional fixed partial denture is being made. Place some extra 

bulk in the portion that will serve as the pontic. 

Wrap rubber bands around the template and cast, being careful not to 

place them over the abutment preparations, least they cause the template to 

collapse in that area. Place the cast in a pressure pot if one is available. 

Otherwise, place it in warm (not hot) tap water to hasten polymerization. Hot 

water causes the monomer to boil, increasing porosity. Wait for about 5 

minutes. Pry off the template and save it in case it is needed again. Before 

removing the provisional restoration from the cast, add resin to any voids or 

thin spots and place the cast back in warm water. Do not replace the template 

for this correction. Placing the unpolymerized resin back into water will 

prevent evaporation of monomer and formation of a granulated, "frosted" 

surface. 
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Remove the fixed partial denture from the cast. Do not hesitate to 

break the cast if necessary. Trim off the excess acrylic resin. Use discs to 

trim the axial surfaces down to the margins. The pontic should be trimmed 

with discs and burs to open up the proximal embrasures. Remove the saddle 

configuration that was created by the crown form in the edentulous space. 

The pontic should have same shape that the pontic on the permanent 

prosthesis will have. This will ensure that the patient will be comfortable and 

satisfied with the pontic from before the completed fixed partial denture is 

inserted. 

 

��Template-Fabricated VLC Provisional Restoration: 

A transparent template is essential to the use of a visible light-cured 

(VLC) resin because clear matrix allows the light access to the resin to 

initiate polymerization. 

��Template- VLC armamentarium:  

1. Items in template armamentarium  

2. Silicone impression putty  

3. Triad resin 

4. Model release agent (MRA) 

5. Air barrier coating material (ABC) 
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    6. Triad curing unit  

7. Straight handpiece  

8. Acrylic burs 

9. Abrasive discs and Moore mandrel 

10. Items in cementation armamentarium 

Fabricate a template on the diagnostic cast. If the restoration is to be a 

fixed partial denture, set a metal crown form or denture tooth in Mor- Tight 

putty in the edentulous space. If a diagnostic wax-up has been made, soak 

the cast for 5 minutes and duplicate it with an alginate impression. Pour the 

impression in quick-set plaster. 

Produce a template from a resin sheet on the vacuum forming 

machine. Trim the template and replace it on the cast. Mix a scoop of 

silicone impression putty with accelerator and mold it around the template on 

the cast. This is needed to reinforce the unsupported template and prevent 

displacement by the highly viscous resin later. Quickset plaster also can be 

used to make this reinforcing index. Set the template and the index aside 

until the teeth have been prepared. 

Make an alginate impression of the prepared abutment teeth and pour a 

cast of quick-set plaster. Coat the cast with a layer of model release agent, 
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which is part of the resin system. Then place some of the Triad resin around 

the finish lines of the abutment preparation. Lay a strand of resin inside the 

clear template. "Enamel" resin can be placed in the incisal or occlusal 

portion of the template first to enhance esthetics. 

Use fine pressure to seat the loaded template on the quick-set plaster 

cast of the prepared abutments. Compress the silicone putty index over the 

template to ensure complete seating of template and an even thickness of 

resin in the provisional restoration. In an alternative technique, the template 

can be seated into the silicone putty index before the resin is loaded into the 

template. Remove the putty index from the cast, leaving the resin and 

template in position on the cast. 

Place the cast in the Triad curing unit to polymerize the resin in the 

template for 4 minutes. Carefully remove the template and then provisional 

restoration from the cast. Paint all surfaces of the restoration with air barrier 

coating material. Place the provisional restoration back in the curing unit, 

tissue side up, for an additional 6 minutes. Retrieve the restoration from the 

curing unit and remove all of the coating material with a brush and water. 

Trim as much excess material as possible with a pair of curved 

scissors. Finish trimming the axial surfaces to the margins with discs. Open 

the embrasures around the pontic with discs and burs. Be sure to remove the 
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saddle form produced by the template. Polish the restoration with pumice 

and a high-shine polishing material. 

Another technique has been described in which the restoration is 

started in a template on the prepared teeth in the mouth. Polymerization of 

the restoration is initiated by a 10-second application of a hand-held curing 

light. After the restoration is "frozen" in this manner, it is removed from the 

mouth and further exposed to the high intensity curing light in the laboratory. 

��Shell-Fabricated Provisional Restoration: 

A thin shell crown or fixed partial denture can be made from any of 

the acrylic resins and then that shell can be relined indirectly on a quick-set 

plaster cast. It also can be relined directly in the mouth. If the reline is done 

directly, a methacrylate other than poly (methyl) should be used. This 

technique can save chair time because the restoration is partially fabricated 

prior to the preparation appointment. 

Care must be taken not to make the shell too thick. If too thick, the 

shell will not seat completely over the prepared teeth and it will need to be 

trimmed internally. This can be time-consuming and defeats any advantage 

gained by making it before the preparation appointment. 
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��Shell Fabrication Armamentarium: 

1. Items in over impression armamentarium  

2. Items in cementation armamentarium  

3. Liquid applicator 

4. Powder blower 

An over impression is made from a diagnostic wax-up before the 

preparation appointment. Check it for completeness. Trim off thin flashes of 

impression material created by the gingival crevice to produce an extra bulk 

of resin near the margins. Use a plastic squeeze bottle with a fine tip (Liquid 

Applicator, Prairie Village Prosthetics, Prairie Village, KS) to deposit one 

drop of monomer on the facial and one drop on the lingual surface of the 

imprint of each tooth to be restored.19 Keep the monomer near the gingival 

portion of the impression to prevent excess from accumulating in the incisal 

or occlusal area. Extend the coverage by the resin to one tooth imprint on 

either side of the teeth being restored. 

With an insufflator (Powder Blower, Prairie Village Prosthetics), 

gently spray enough polymer onto the surface of the impression to absorb the 

monomer.19 Repeat the process four times, inverting the impression 

frequently to allow the material to run down to the margins rather than 
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puddling in the incisal or occlusal areas of the impression. Gently remove the 

shell from the impression after 4 minutes. Trim the flash from the gingival 

area and open gingival embrasures with an abrasive disc.  

When the teeth have been prepared, make a quadrant alginate 

impression and pour it with a thin mix of quick setting plaster. Trim off 

excess plaster on a model trimmer. Save one tooth on either side of the 

prepared tooth, if possible. Remove areas of the cast that duplicate soft 

tissues. Examine the cast for nodules that would prevent complete seating. 

Try the shell gently on the cast to make sure it seats completely 

without binding. If it does bind, relieve the inner surfaces of the shells until 

the restoration seats completely and passively. Liberally coat the tooth 

preparations on the cast with separating medium and make sure it is dry 

before mixing the acrylic resin. 

Monomer and polymer can be added directly to the shell and mixed 

there. The resin also can be mixed in a dappen dish and then transferred to 

the shell, completely filling each tooth. Seat the shell onto the prepared teeth 

on the cast. Wrap a rubber band around the shell and cast and place them in a 

plaster bowl full of hot water for approximately 5 minutes, preferably in a 

pressure pot. The uses of a pressure pot will significantly increase the 
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strength of the restoration.  

If the direct technique is employed, seat the shell on the prepared teeth 

in the mouth. When the resin becomes rubbery, elevate the restoration 2.0 

mm and flush the teeth under it with water.84 Pump the restoration up and 

down several times to eliminate undercuts. Then remove the restoration from 

the mouth and place it in warm water. 

When the resin has polymerized, remove the rubber band and 

disassemble the shell from the plaster cast. If the restoration resists removal 

from the plaster cast, break the teeth off with a heavy-bladed laboratory 

knife. Use a small pointed instrument to remove any plaster left in the 

provisional restoration. Trim excess resin from the provisional restoration 

with acrylic burs or coarse Moore discs. Smooth the axial surfaces of the 

restoration with a fine sandpaper disc, followed by pumice and polishing 

compound on a muslin rag wheel. 

 

��Over impression Fabricated Bis-acryl Composite Crown: 

Bis-acryl composite resin can be used to fabricate a provisional 

restoration on a quick-set plaster cast. Its polymerization produces very little 

heat and it has minimal toxic effect on soft tissues and pulp. It is probably as 

well suited as any resin for use in a direct technique, based on the study 



134 
 

materials by Wang et al. 

Alginate makes a satisfactory over impression, but this discussion will 

focus on the use of an elastomeric impression material, polyvinyl siloxane, 

for the sake of presenting as many techniques as possible. A heavy bodied 

elastomeric material has the advantages of being very stable and difficult to 

distort. Its disadvantages include greater expense and extra time required for 

the impression material to polymerize. 

Load a disposable aluminum sextant tray with impression material and 

make over impression while waiting for anesthesia. Trim the excess from the 

borders of the impression to facilitate accurate placement back in the mouth. 

Remove the webs of material between the imprints of individual teeth in the 

impression. These could interfere with complete reseating of the over-

impression. 

The margins of a provisional restoration may be thin or deficient 

because the over-impression was not seated straight, or because the thickness 

required for a resin restoration is greater than that needed for a metal 

restoration. To avoid this problem, use a no. 8 round bur to cut a trough in 

the gingival area of the facial and lingual surfaces of the tooth imprint(s) in 

which the restoration will be fabricated. This will produce a bead of material 

parallel with the margin of resulting restoration. This ensures adequate 
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material in the margin and excess can be trimmed off during finishing. 

After the tooth preparation has been completed, begin the provisional 

restoration. Check that the plastic catch is engaged in the vertical groove on 

the threaded plunger in the ratchet at the back end of the large blue syringe 

containing the ProtempII base material. To extrude one full measure of base 

paste onto a mixing pad, give the thumbscrew at the end of the threaded 

plunger one complete turn clockwise until it clicks. Check the simple ratchet 

on the threaded center plunger of the smaller white, double-barreled catalyst 

paste syringe to see that it is in place. Express an equal amount of each of the 

"two catalyst pastes onto the same pad by twisting the single threaded shaft 

one full revolution or "click". 

Mix the catalyst paste and the base material with a cement spatula for 

approximately 30 seconds. Use the spatula to load the back end of a frosted 

plastic syringe. 

Place the resin in the over impression with the syringe as suggested by 

von Krammer10. Keep the syringe tip buried in resin and fill the cusp tip or 

incisal edge areas from the bottom up to prevent voids in the completed 

provisional restoration. The use of an application syringe will frequently 

require a second unit of resin, but it greatly reduces the possibility of 
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creating bothersome voids in the restoration. 

Lubricate the prepared teeth with petrolatum and position the 

impression tray on them no later than 2 minutes from the start of mixing. 

Allow the resin to polymerize in the mouth for approximately 2 minutes. 

Check excess resin around the border of the tray for consistency. Do not rely 

on material left on the mixing pad as an indication of polymerization, 

because the reaction in the oral cavity at body temperature and 100% 

humidity will proceed more rapidly than on a mixing pad at room 

temperature. When the resin becomes elastic, it is ready for removal. That 

should occur no later than 6 minutes from the start of the mix. 

Tease the restoration from the tooth or from the impression. Remove 

as much excess as possible with scissors. Replace the provisional restoration 

on the tooth and ask the patient to close down on it several times. Then 

pump it several times to ensure removability. Remove the restoration no 

later than 7 minutes from the start of mixing. Wipe off the air-inhibited, 

upset resin with an alcohol sponge. If there are voids or other defects, they 

can be repaired by mixing another batch of resin and applying it to the 

affected area with an instrument. Repairs also can be affected by using VLC 

composite resins and a light. 
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Remove excess near the margins (including the intentional bead, if 

used) with fine abrasive discs. Place the restoration back on tooth in the 

mouth. Test and adjust the occlusion if necessary. Polish the outer surfaces 

of the restoration with pumice and polishing compound. Seat the restoration 

with temporary cement. 

 

��Provisional Crown for an Endodontically Treated Tooth: 

It is often difficult to fabricate a provisional restoration for a tooth that 

has been prepared for a dowel core because there is so little intact 

supragingival tooth structure. This can be accommodated for in the use of a 

standard polycarbonate crown by placing a piece of paper clip or other stiff 

wire into the canal and placing the resin filled crown down over that. 

��Preformed Anatomic Metal Crown: 

Emergency cases involving fractured molars are one of the best 

indications for the use of preformed metal crowns. Zinc oxide eugenol alone 

will not adhere to the tooth and there is rarely enough time at the emergency 

appointment to fabricate a custom acrylic resin provisional crown. By using 

the preformed anatomic metal crown, it is possible to provide the patient 

with temporary coverage to protect the fractured tooth and prevent irritation 

of tongue and mucosa. 
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There are several systems available for this purpose, utilizing the same 

general principles. The procedure consists of: 

1. Minimal tooth preparation 

2. Measurement and selection of crown 

3. Trimming and adaptation of gingival margin  

4. Occlusal adjustment 

5. Cementation 

��Armamentarium: 

1. High speed handpiece  

2. No. 170L or 171L bur  

3. Measuring gauge  

4. Crown forms  

5. Stretching block 

6. Crown and bridge scissors  

7. Contouring pliers  

8. Straight handpiece 

9. Sandpaper disc on Moore mandrel  

10. Articulating paper  

11. Miller forceps  
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12. Cement spatula  

13. Paper pad 

14. Zinc oxide eugenol cement 

15. Petrolatum 

16. LL6-7 curved burnisher 

17. Explorer 

18. Mouth mirror 

19. Dental floss 

The maxillary molar with a lingual cusp fractured off is not an 

uncommon dental emergency. It is most easily protected on a short-term 

basis with a preformed metal crown (Iso-Form Temporary Crown, 3M 

Dental Products, St Paul, MN). 

The tooth must be prepared minimally to create space for the 

restoration. The initial step is occlusal reduction, which follows the inclined 

planes of the occlusal surface. The depth will be 1.0 mm on the 

nonfunctional cusps and 1.5 mm on the functional cusps. A functional cusp 

bevel (on the lingual incline of the maxillary lingual cusp) is placed to a 

depth of 1.5 mm to complete the occlusal reduction. 

Only enough proximal reduction is done to permit the seating of the 

crown. If an MOD amalgam restoration is present in the tooth, the proximal 
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reduction is most easily accomplished by removing the amalgam in the 

boxes. The boxes are cut with a no. 170L or 171L bur. All caries is removed 

at this time. No effort is made to remove all of the existing restoration, or to 

provide permanent bases or a completed preparation. 

Each of the three measuring heads in the metal crown form kit has 

converging blades that measure a 1.0-mm range: 9 to 10 mm, 10 to 11 mm, 

and 11 to 12 mm. Hold the gauge in line with the contact points, resting it on 

the occlusal surfaces of the other teeth in the arch. Slide the blades until they 

wedge between the contacts of the teeth on either side of the preparation. The 

point at which blades wedge indicates the dimension to be used for selection 

of the proper crown form. 

The crown is tried on the tooth. If the gingival collar is too tight, the 

crown is placed on the appropriate post of the stretching block. There is a 

tapered post corresponding to each of the maxillary and mandibular molars, 

left and right. Flaring the margins is also required when there is a shoulder 

finish line. The crown is pushed down on the post until an adequate amount 

of gingival flare is obtained. 

The crown is placed on the tooth to evaluate its occlusogingival 

length. Compare the height of each marginal ridge of the crown with that of 

the adjacent tooth. Use crown and bridge scissors to remove an amount at the 
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gingival margin equal to the marginal ridge height discrepancy. Festoon the 

margin to follow the contours of the gingival tissue. 

Smooth rough spots and any irregularities in the gingival margin with 

sandpaper disc. Use no. 114 contouring pliers to produce a slightly convex 

contour occlusal to the margins. The margin will be slightly constricted as a 

result. 

Place the crown on the tooth and check the occlusion with articulating 

paper. Remove the crown and burnish areas on the occlusal surface that are 

in hyper-occlusion. Open proximal contacts can be corrected by burnishing 

the proximal area from the inside of the crown. 

Coat the outside of the crown with petrolatum to facilitate the removal 

of excess cement later. Mix zinc oxide eugenol to a thick creamy consistency 

on a paper pad. Fill the crown with cement and seat it on the prepared tooth 

with finger pressure. 

Burnish the margins of the crown with an LL 6-7 curved burnisher 

before the cement hardens. Run dental floss through the proximal contacts to 

remove hardened cement from the interproximal areas. Use an explorer to 

remove all remaining subgingival cement. Make a final check of the margins 

to ensure that they are not impinging on the gingiva. 
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��Techniques for Provisional restorations for implants: 

Implant dentistry provide unique and predictable methods for the 

replacement of missing teeth. This is especially important in esthetic regions. 

A challenge exists for the restorative dentist when planning and providing 

treatment for the patient before surgical phases are complete. The provisional 

restoration can be the restorative dentist's most important diagnostic tool and 

is a key factor in communication, tissue management and patient 

management prior to finalizing restorative treatment. Although implant-

supported provisional restorations are usually fabricated in the laboratory, 

there are some clinical situations that demand the direct fabrication of 

provisional restorations, especially when there is a high esthetic demand. 

Provisional restorations are generally necessary to restore lost function 

and esthetics during the implant integration period. Different techniques are 

suggested by different authors for provisionally restoring implants. A few 

techniques are discussed below. 

��A technique for fabricating a fixed provisional prosthesis on 

osseointegrated fixtures: 

The Branemark technique (and others) of osseointegration involves a 

second surgical phase consisting of exposing the fixtures, removing the 
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healing caps and placement of the cylindrical abutments. This technique 

describes a method of altering the existing denture, allows for direct 

placement onto the fixture abutments. The modification provides a trial 

period of adjustment while the final prosthesis is being made and increases 

the patient's comfort, confidence and expectations. 

�
� Technique 36 

1.  Tighten the abutment on a fixture and remove existing plaque and 

calculus. 

2.  Relieve the existing denture generally to permit adequate clearance 

when repositioning over the abutments. The distal extension bases are not 

altered 

3.  Load the anterior region of the denture with a polyether or similar type 

of impression material. 

4.  Inject impression material around the abutments, seat the denture and 

instruct the patient to close lightly into occlusion. 

5. After removing the completed impression from the mouth, place the 

access hole in the denture with a Pindex machine by aligning the beam of 

light with center of each abutment. 

6. Remove the impression from access holes and enlarge the opening with 
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an acrylic trimming bur. 

7. Tighten gold cylinders to at least three abutments with 10mm or 15 mm 

guide pins. 

 8. Place the denture over the guide pins and inject denture repair acrylic 

resin beneath the relieved denture around the guide pins and gold 

cylinders by using a standard impression syringe. Stabilize the distal 

extension base while acrylic resin is setting. 

9. Upon set of the resin, remove guide pins from the denture. The 

cylinders are secured within the denture by the resin. Fill the voids and 

porosities using fine brush. Inspect carefully to ensure that acrylic resin is 

not present on the cylinder-abutment interface. 

10. Mark the distal extension bases 11 to 12 mm from most distal 

abutment and section the prosthesis. 

11. Place the modified prosthesis clinically and verify that it is supported 

by implant only. 

12. Polish, disinfect, and insert the interim prosthesis using the gold 

mounting screws through the prepared access openings. 

13. Fill the access filling with a temporary sealing material and adjust 

occlusion as necessary. 

14. Give the patient complete oral hygiene instructions. 
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A) The modification of interim cylinders for the fabrication of cement -

retained implant-supported provisional restorations: 

This describes a technique for modification of metal interim cylinders 

and their use in the fabrication of cement retained implant-supported 

provisional restorations. This chairside technique allows for direct 

provisionalization of single or multiple implants during or after second-stage 

surgery, especially when there is a high esthetic demand. 

 

��TECHNIQUE 9 

��Laboratory phase: Modification of interim metal cylinders: 

l. Place an interim metal cylinder onto an implant analog with a guide                   

pin or laboratory waxing screw and pour dental stone up to the neck of the 

analog to fabricate a stable stone base.  

2. Make 3 notches with a bur in a low-speed handpiece on the stone base 

as a repositioning index and place a layer of baseplate wax around the wall 

of metal cylinder.  

3. Pour polyvinylsiloxane duplicating material into a container to make a 

mold for fabrication of modified interim abutments. 

4. Attach a new metal cylinder onto the implant analog in the stone base, 

fill with light-polymerizing composite and polymerize incrementally into 
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the space of silicone mold.  

5. Repeat this procedure to make a number of modified interim abutments 

for different diameters of implant platforms. 

��Clinical phase: Chairside use of the modified interim abutment for 

fabrication of a provisional restoration. 

1. Unscrew the healing abutment after second stage implant surgery. Place 

one of the modified interim abutments with an abutment screw into the 

implant and check the accuracy of fit with a radiograph. 

2.  Prepare the supragingival portion of the interim abutment intraorally 

with diamond burs at high speed with copious amounts of water. Remove 

the abutment from the mouth and adjust subgingival form and contour of 

the interim abutment to develop proper emergence profile. Screw the 

completed interim custom abutment back into the implant. 

3.  Select a denture tooth or a polycarbonate crown of appropriate size 

and trim it to the proper form and contour. Reline the provisional 

restoration with autopolymerizing acrylic resin on the interim customized 

abutment, polish and stain to match the adjacent teeth. Cement the 

completed provisional crown to the interim customized abutment with 

provisional cement. 
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4. Transfer the information gathered during this procedure, along with 

photographs and impressions, to the laboratory technician for predictable 

fabrication of an esthetic definitive restoration. 

This technique makes use of readily available materials for the direct 

fabrication of implant provisional restorations without use of impression 

procedures or a dental laboratory for situations in which there is a high 

esthetic demand. This method may be useful for patients who present with 

restorations bonded to adjacent teeth at the implant sites or an interim acrylic 

removable prosthesis that must be replaced during or immediately after 

implant second-stage surgery. 

This technique also allows for control of soft tissues and emergence 

profile in the esthetic zone at the provisional restoration stage. Simple 

modification of the interim custom abutment provides proper peri-implant 

tissue contours that mimic natural teeth. Several techniques for the 

reproduction of tissue contours on the definitive cast have been suggested in 

literature. Adding autopolymerizing acrylic resin or flowable composite to 

impression coping up to the height of peri-implant tissue level prevents 

collapse of the soft tissue around the implant during the impression 

procedure. This transfer procedure assists the laboratory technician in 

achieving esthetic custom abutments and definitive restorations. 



148 
 

B) Use of polyethylene ribbon to create a provisional fixed partial 

denture after immediate implant placement: 

This technique describes an esthetic and economic bonded provisional 

fixed partial denture used in immediate implant situations. The extracted 

incisors of the patient can be used as pontics and fixed partial denture can be 

fabricated using a bondable reinforcement fiber. 

��Technique 37 

1. Extract the incisors; remove their roots using a high speed diamond bur 

under water cooling. Pulp is removed; coronal pulp chamber is irrigated 

and restored with composite. 

2.  Place hydroxyapatite coated, 15x 3.75-mm, threaded implants 

immediately to anterior region. 

3.  Trim the lingual surface of the crowns as a pontic, covered with 

composite and polished with polishing discs. 

4.  Prepare a groove on the lingual surface of teeth for Ribbon 

5.  Burnish a 2mm aluminum foil into lingual surface of abutment teeth to 

determine the length of Ribbon required. With the hand instrument, the 

foil was placed interproximally so that it is closely adapted to contours of 

the teeth. The measured length of Ribbon was cut and then kept on a clean 



149 
 

pad until ready for use. 

6. Etch the lingual and interproximal enamel surfaces for 45 seconds. 

Cover the etched surfaces with a layer of unfilled bonding resin. Gently air 

thin and polymerize for 20 sec. 

7.  Apply a thin layer of flowable composite to etched lingual and 

interproximal surfaces of the teeth using a syringe, but don't polymerize 

the material. 

8.  Wet the ribbon with a light coating of unfilled bonding adhesive and 

remove the excess with a hand instrument. 

9. Press the ribbon into unpolymerized flowable composite and place 

interproximally and keep between interproximal contacts of the abutment 

teeth. Polymerize for 20 sec. 

10. Prepare lingual surface of the pontic for bonding by acid etching and 

apply a thin layer of flowable composite and cure for 20 sec. 

11. Apply a thin layer of flowable composite into the grooves prepared on 

palatal surfaces, place the pontics on to second ribbon in the desired 

position and polymerize for 40 sec. 

12. Remove the excess and polish the restoration. 
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SUMMARY 

Provisional fixed prosthodontic treatment involves a multifaceted 

array of clinical activities, special knowledge, material selection and 

management. Contemporary treatment incorporates both natural teeth and 

dental implants. Although provisional restorations are usually intended for 

short term use and then discarded, they can be made to provide pleasing 

esthetics, adequate support and good protection for teeth while maintaining 

periodontal health. They may be fabricated in the dental office from any of 

several commercially available materials and a number of practical methods. 

The success of fixed prosthodontics often depends on the care with which the 

provisional restoration is designed and fabricated. 

Dentistry continues to struggle with the limitations of existing 

materials available for fixed prosthodontic provisional treatment. Clinical 

techniques and indications are reasonably well characterized, but future 

research activities will need to focus on technological advances to provide 

improved materials that demonstrate improved biocompatibility, ease of use 

and modification and physical properties. 
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  ADVANCEMENTS IN DENTAL IMPLANTS 

 GLOSSARY 

1)INTRODUCTION

2)HISTORY

3)DISCUSSION

I. Advances As Related To Changes In Concept

A. Occlusal/Restorative Material

B. Submerged and Non Submerged Implants

C. Occlusal Load/Overload/Progressive Load

D. Progressive Loading

E. Immediate Loading

F. Passivity of Prosthesis Fit

G. Screw-Retained Versus Cemented Implant Restoration.

H. Use of Implants as Overdenture Abutments

I. Number of Implants Needed To Support A Restoration

J. Connecting Implants to Natural Teeth

II. Advances As Related To Changes In Diagnostic Aids
A  Ridge Mapping

B. Resonance Frequency Analysis

C. Computed Tomography

D. Cone Beam Radiography

E. Cone Beam versus Conventional CT

F. Magnetic Resonance Imaging

G. Tuned Aperture Computed Tomography
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III. Advances As Related To Implant Component
A. Implant Biomaterials

B. Implant design and surface coatings

   Implant Body Geometry  

    Wide- And Narrow-Diameter Implants and Platforms 

  Small-Diameter implants   

   Transitional Implants  

Implant Surface and Coatings  

 Thread Design 

C. The Abutment Connection

D. A Critical look at the Implant/Abutment Interface

 E  Abutment Screw Design 

 F  Various Osseointegrated Implant System. 

4)SUMMARY

5)REFERENCES

INTRODUCTION 
Dental implants are the fastest-developing technology in dentistry today. Implants are used for 
anchoring replacement of artificial teeth with bone-anchored systems. Archeological findings 
showed that ancient civilizations in Egypt and South America had already experimented with re-
implanting lost teeth with hand-shaped ivory or wood replacements. Developing artificial tooth 
replacements has been an elusive aim for over 1500 years. A small, dark stone, shaped like a tooth 
was found implanted in Mayan skull in Central America from 600AD and implant attempts were 
recorded in ancient Egypt and Middle East .   
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Dr. P-I Branemark's coincidental discovery of tenacious association between living bone and 
titanium oxides, called osseointegration, launched dentistry into a new age of reconstructive 
dentistry. Originally, the basic principles for obtaining osseointegration prescribed atraumatic 
insertion of a titanium screw into a viable bone and extended, undisturbed healing time. In the 35 
years since osseointegration was first applied to human patients, many advances have been made 
during recognizing and applying implant dentistry as a means of replacing missing teeth.  

Osseointegration as first identified by Branemark is a scientific achievement that delineates a sense 
of separation from the old in implant dentistry. Osseointegration has always changed the way 
dentists view their choices when dealing with a patient needing tooth replacement.  The effectiveness 
and predictability of osseointegrated implants no longer pose problems2.  

In the initial years, research focused on developing surgical techniques and grafting procedures. 
Finally, the focus turned to a number of technical and esthetic problems that remained problem-
solved. The efficacy and predictability of osseointegrated implants are no longer issues. During the 
initial years, research focused on refinements in surgical techniques and grafting procedures. 
Eventually the emphasis shifted to a variety of mechanical and esthetic challenges that remained 
problematic and unresolved2 . 

With the increasing esthetic and mechanical challenges as mentioned before,the advancements in the 
implant dentistry is quite remarkable and noteworthy.It not only increased the prognosis of the 
treatment plan but as well increases the longevity of prosthesis and predictability of the treatment 
planning.The advancements are not just confined to a single factor,It has taken place in various 
aspects including even the concepts in treatment delivery2. 

In due course of time the evolution has brought about changes to the implant components like the 
abutment connection,thread design,thread pitch,screw design,implant body geometry etc with the aid 
of superior machining,which to the liking of clinicians and patients offering them with wide array of 
treatment options2. 

HISTORY 
The search for natural teeth has fascinated mankind since ancient times. Although many models were 
used with great success to replace human teeth by using crowns and bridges, the ability to substitute 
and support given by the natural tooth remained elusive until the recent past. Across history, several 
physicians have tried to treat dental edentulism, but sadly their work has resulted in failure. 
Nonetheless, without the early work to build on, we wouldn't appreciate the success we show today. 
Implant designs are traceable to early Egyptians and societies of South Central America and have 
developed into implant designs that are now experiencing explosive popularity. The earliest dental 
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implants were pre-Common Era stone and ivory cited in archeological records of China and Egypt. 
Dental implants were used in the 16th and 17th centuries. The early 20th century created metal 
implants of gold, lead, iridium, tantalum, stainless steel and cobalt alloy3. 

ANCIENT IMPLANTS: 

Since ancient times, man has tried to solve problems associated with failed dentition. Ancient 
Egyptians, in 2500 B.C., sought to strengthen periodontally damaged teeth using gold ligature wire. 
Implanted animal teeth made with ivory are the earliest examples of ancient implantology. From 
about 500 B.C. the Etruscan people used golden bands incorporating animal teeth to restore chewing 
capacity. In the same period, the Phoenician people used gold wire to protect damaged teeth. They 
created a fixed bridge replacement in 300 A.D, using carved ivory teeth, supported by gold wire4.   

The Harvard University Museum has a pre-Columbian-era skull in which an artificial tooth made 
from dark stone replaced a lower left lateral incisor. It is unlikely that any of these early attempts on 
raw materials and coarse methods enjoyed sufficient durability. 

In 1700, John Hunter suggested the possibility of transplanting teeth from one person to 
another. To support this theory, he performed an experiment in which he inserted an incompletely 
formed tooth into a rooster comb, he observed the tooth being firmly rooted in the comb that the 
blood vessel of the rooster expanded directly into the tooth pulp4.   

EARLY IMPLANTS 

In 1809, in a fresh extraction site just above the gingiva, Maggiolo inserted a single tooth-size gold 
implant without a crown. Healing removed the crown. Inserting these gold sources immediately 
followed by intense pain and gingival inflammation.   

    Edmunds placed a porcelain crown on a root-shaped platinum shell with lead; a porcelain 
crown followed on a platinum frame. In 1913, Greenfield used a two-piece hollow basket made of 
24-guage iridium soldered 24-karat gold. This was the predecessor to today's hollow basket design5.

In 1911, Greenfield identified endosseous implant manufacturing and insertion. A 24-karat-
gold iridium post was placed into the prepared area.   

          Current implant dentistry was delineated from mid-1930's to present. During this time, one 
begins to see the emergence of implant technologies evolving into the most advanced and popularly 
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used systems. In 1939, Strock identified a method of inserting a vitalium screw to secure a missing 
tooth. Formiggum engineered a spiral implant in the mid-1940s, folding a stainless steel wire on 
itself5.  

Gustav Dahl first proposed the implant sub-periosteal type in 1943. In 1948, Goldberg and 
Gershkoff developed a sub-periosteal implant structure extending to the outer oblique ridge. In the 
mid-1950s, Lee pioneered the use of an endosseous implant with a central part and circumferential 
extensions.  In the 1960s, Chercheve engineered a Co-Cr double-helical spiral implant. He put the 
spirals deep into the prepared site with a long post that would act as the transmucosal abutment. 
Scialom identified a tripod endosseous pin arrangement. It was anchorage for a single crown as 
permanent fixed bridges. Linkow created vent implants in the same time5. .   

By the mid-1960s, Linkow developed the blade vent implant. Originally designed for use in 
the knife edge ridge, this blade form of endosseous implant. He later adapted this implant's model for 
most medical conditions5.  

Roberts and Roberts developed endosseous implant Ramus knife. It was constructed using 
surgical grade 316 stainless steel, this blade type of implant was placed to attach distantly between 
the cortical plates in the mandible ramus bilaterally and in the mandibular symphysis region.This 
endosseous implant obtained stabilization from its anchorage. A one-stage procedure was followed 
to immediately reinforce the full mandibular denture against a complete maxillary denture5.   

  Early 1970s animal studies started using non-metallic forms of endosseous implants. Aluminum 
oxide implant was one of human-placed varieties.   

Small's Mandibular Staple Implant is developed to rehabilitate the atrophic, edentulous mandible.  

 Grenoble first mounted vitreous carbon implants.  

 Weiss and Judy popularized Intra mucosal implants to maintain flexible maxillary prosthesis. 

In the early 1980s, Tatum launched the Omni R implant. This is a root-form titanium alloy 
implant with horizontal pins. Niznick introduced the core ventimplant. This is a hollow basket 
implant with a threaded bone portion. Use the latest guideline in the posterior mandible5. 

Screw-Vent implants an endosseous implant are later added by the same agency. It's mainly used in 
the previous jaw. The core vent company produces a microvent implant that incorporates the mixture 
of anterior and post-machine tapping / screw style hydroxyapatite coated implant5.   

Such implants were made in both titanium alloy and hydroxyapatite coated versions. Driskells 
launched stryker root form endosseos implants. There are two unique features of the Kirsel IMZ 
implant. Firstly, a titanium plasma spray covered the surface and increases the surface area. 
Secondly, the intramobile portion was installed in an abutment to mimic natural teeth's flexibility5.   

In 1985 the company launched an integrated implant system with the launch of a 
hydroxyapatite-coated cylindrical pin, titanium alloy implant, and the production and marketing of 
its synthesis-based polycrystalline ceramic hydroxylates, calcitite. Implamex developed cylindrical 
plasma spraying with titanium and cylindrical hydroxyapatitecoated implants. Screw Titanium 
Implants with external hexagonal heads were also added5.  

�



Denar has launched root type sequence of endosseous implants. These have implants coated with 
hydroxyapatite and implants lined with titanium. The plasma screws and scooters were designed to 
be used in one-stop operations. 

 The ITI implant invented by Straumann in 1985 is special. Around 1983�87, the number of dentists 
implanting and the number of implants implanted was increased by 10%6. 

DISCUSSION 

ADVANCES IN DENTAL IMPLANT IS DIVIDED INTO 

����Advances As Related To Changes In Concept  

  Advances As Related To Changes In Diagnostic Aids 

  Advances As Related To Implant Component  

I. ADVANCES  AS  RELATED TO CHANGES IN CONCEPT

A.Occlusal/Restorative Material

B.Submerged and Non Submerged Implants

C.Occlusal Load/Overload/Progressive Load

D.Progressive Loading

E Immediate Loading  

F Passivity of Prosthesis Fit  

G Screw-Retained Versus Cemented Implant Restoration. 

H Use of Implants as Overdenture Abutments  

I Number of Implants Needed To Support A Restoration  

J Connecting Implants to Natural Teeth  

A. OCCLUSAL/RESTORATIVE MATERIAL

One of the fundamental principles of restoring tooth implants was to secure the implant against the 
occlusal effect or the parafunction shock. Within key articles, Skalak outlined this concept in detail. 
It was widely assumed that the avoidance of ceramic or metal occlusal surfaces was important. An 
effective implant system is designed on the basis of the presumed need to protect the implant from 
occlusal damage and the ability to mimic the damping effect of the periodontal ligament in the 
natural teeth. The understanding of osseointegration and its dependence on this damping effect 
resulted in repeated restoration problems with implant-supported protheses7. 
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 In the mid to late eighties, as osseointegrated dental implants increasingly were utilized to solve the 
lack of the single denture and in edentulous situations.Ample resinous material was quickly found to 
be insufficient in the back of the mouth, especially when it was used in the opposite way to natural 
teeth.  Most practitioners were persuaded of the risk of osseointegrated interface being compromised 
of repair and maintenance issues,which could be minimized by regular repair and replacement 
demands due to high wear levels. Patient requests for esthetic implant help restore implants with 
more natural and durable materials such as porcelain often required restoration. It took a relatively 
short time to move from resin to porcelain7. 

 The transition was almost completed by the end of the 1980s and implant manufacturers introduced 
new elements onto the market that made the transition even easier. Distinguished from the literature 
is mainly concerned with the need to protect dental implants from painful shock from occlusal 
surfaces. The implant-supported restoration standards today covers the application of ceramic 
occlusal materials.  The most widely used material for the manufacture of implant superstructures 
remains precious metal alloys. The use of base metal alloys has not been common since the corrosion 
potentials between different metals are one of the reasons cited for the avoidance of base metals in 
implant restorations. While in a system that includes other metals there is a risk of pitting or crevice 
corrosion, corrosion of precious metals with titanium is supposed to be less than that of base metals, 
and a byproduct in the process of corrosion is believed to be less harmful or hazardous than its base 
metals equivalents. A field of additional research is needed to evaluate the potential for corrosion 
between commercially pure titanium and traditional titanium alloys and different metals7.   

The advent of machining and laser soldering of titanium as a replacement for the more conventional 
lost-wax grinding methods used for the manufacture of implants superstructure resulted in potential 
problems associated with metal casting engineering and materials. The prothesis that are correctly 
produced with this technology are solid and offer long-term success potential. While the laser 
produced superstructures are certain to provide improvements in comparison with cast metal 
superstructures, the medical gain was not shown or even tested in a manner monitored. For some 
time to come, laser soldered and computerized titanium superstructures will probably remain state of 
the art7. 

 The feasibility of fully metal-free implant-supported prothesis is being explored in several centres 
for the first time. A possible alternative to more conventional metal-based prothesis is the use of 
ceramic and/or plastic abutments and fiber-reinforced composites. Nonmetallic prostheses work is 
now in its early stage, but it is possibly advancing quickly as the material for conventional prothesis 
that are assisted by tooth becomes more and more common7.  
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There was challenge to the need for full coverage of soft tissue and long healing times. Studies have 
shown that non-submerged implants have received similar soft and hard tissue reactions and have 
performed comparably in submerging implants. 

Immediate removal sites can be used for implants. For incremental or immediate mounting, non-
submerged implants may be used7.  

	.
 OCCLUSAL LOAD/OVERLOAD/ PROGRESSIVE LOAD

 Much has been written about the effect of occlusal forces on osseointegrated dental implants. 
Unfortunately, very little of what has been written is based on scientific evidence, and the 
need for fundamental research into these issues is important from the long-term perspective 
as it relates to the survival and function of implant-supported prostheses7.

       Avoidance of non-axial loading of dental implants is one example of a clinical concern 
that is not based on evidence. Many authors have warned of the hazards of non-axial loading 
of dental implants, but there is no scientific evidence that the osseointegrated interface 
between living host and non living implant responds differently to compressive forces than it 
does to tensile or shear forces of similar magnitude. In fact, each of these types of stress 
transfer is present on the surface of every loaded implant because of the very geometry of the 
implant and the chemical micromechanical nature of the bond between implant and tissue. 
The few animal studies that have attempted to examine this issue, in fact, shown that non-
axial loading is not detrimental to the integration of the implant, even when non-axial 
occlusal forces are greatly exaggerated. One exception is a work reported by Isidor that did 
show evidence of non-axial load destroying implant integration, but only after the magnitude 
of load was elevated to catastrophic levels; in that report, forces generated appeared to be far 
beyond the range of clinical reality and were likely heavy enough to cause substantial 
deformation of the implant body itself, thereby precipitating bone loss. The facts that, to date, 
experimental evidence does not substantiate the concern regarding non axial loading and 
implant success makes this an area where much research is needed to permit an understanding 
of the mechanism of load transfer through the implant to the surrounding bone7.  

  When the issue of nonaxial loading is extended to include the restorative component of 
dental implants, the concern may well be justified. Screw-retained components of implant 
systems seem much less able to withstand non-axial forces than those within the long axis of 
the implant pillar. Tolerances between mechanical components permit relative motion across 
interfaces, and flexure fatigue becomes an important consideration of long-term prosthesis 
and implant survival. The potential for non-axial loading to cause plastic deformation 
(swaging), wear, or fatigue failure of implant restorative components is clearly design and 
material-dependent, and research is needed to determine the best design(s) for components to 
resist off-axis loads over extended periods of time7.    

 As with non axial loading, the literature on the use of cantilevers in implant-supported 
prostheses is largely anecdotal, and evidence from clinical data is lacking. Nevertheless, 
many authors have given their recommendations as to when cantilever prostheses are 
acceptable, what limits of length are permissible, and how many implants are necessary to 
support a cantilever7.  

	

B. SUBMERGED AND NON SUBMERGED IMPLANTS



The work of Branemark and colleagues demonstrated the feasibility of fixed, cantilevered 
prostheses to treat the edentulous mandible, particularly when opposed by a conventional 
complete denture. Other authors have made empirical recommendations for length of 
cantilever as a function of implant position (A-P spread), arch form and length, cantilever 
location (maxilla or mandible), and opposing occlusion7. 

 While these recommendations may have been successful when followed, the evidence to 
support them is lacking. Similarly, cantilever extensions on prostheses in the posterior part of 
the mouth are dictated by implant position and convenience, rather than by sound principles 
of design that have resulted from scientific evidence. Cantilever extensions in the posterior 
mouth are likely to be at higher risk of mechanical failure because of increased occlusal load, 
fewer implants, and implant position in a straight line along the arch7.  

As it is difficult to imagine clinical trials gathering sufficient data to make sound 
recommendations on cantilever length, guidelines based on anecdotal experience and the 
principle that the shorter cantilevers are kept the better. They will serve to minimize the 
problem of cantilever overload. Some clinicians have advocated placing; more implants, in 
particular, posterior to the mental foramina in edentulous patients and eliminating cantilever 
extensions on these complete-arch restorations7. 

 The concept of a fixed, cantilever prosthesis supported only by implants anterior to the 
mental foramina, as described by Branemark and coworkers, was based upon several 
important factors. Placement of implants anterior to the mental foramina allowed the inferior 
cortex to be engaged by the tip of the implant, increasing primary stability and improving 
chances that osseointegration would occur. By avoiding more posterior placement, the risk of 
damage to the mental branch of the inferior alveolar nerve was minimized. Finally, by 
avoiding the posterior segments as sites for implants, the potential complication of stress 
shielding related to mandibular flexure could be avoided. The fact that the fixed cantilever 
concept has been so successful prompts a question: why would clinicians feel it necessary to 
extend implant placement into the posterior mandible? The increased number of implants 
necessary and the increased risks associated with the concept makes it difficult to justify from 
the standpoint of increased patient benefit7.          

 The use of tripoded implant placement in the posterior part of the mouth is a concept that 
makes sense geometrically but has not been demonstrated clinically. The ability to support a 
prosthesis on a tripod requires that at least 3 implants be present. Sufficient ridge width to 
allow a bodily offset of 1 implant is frequently not available, and a slight tip in the angulation 
of 1 implant to give the appearance of an offset or tripod at the level of the occlusal plane is 
not likely to provide the expected support. To counteract moments generated by occlusal 
forces in a buccolingual direction, the implants must be bodily offset at the level of the ridge 
crest, rather than merely being tipped7.  

The advantage of tripoding 3 implants in the posterior part of the mouth, while one assumes 
that it is likely to improve longevity of prosthesis and possibly the supporting implants has 
not been demonstrated in a prospective manner to be superior to a more conventional design 
utilizing 2 implants and a 3- or 4-unit fixed partial denture. One implant manufacturer, in fact, 
recommends that 2 implants and a 3- to 4-unit fixed partial denture are sufficient to withstand 
occlusal function over time. This recommendation is based on retrospective data 
demonstrating a low rate of complication with such a design7.  






    Anatomic characteristics of the occlusal scheme that should be placed on restorations 
supported by dental implants have once again been described many times in an empirical 
manner but have not been examined scientifically. Cusp height, angulation, type of excursive 
contact, occlusal table width, and other considerations have all been described extensively but 
have not been examined scientifically. The variety of recommendations only confuses the 
clinician, providing little substance for guidance and disagreement as to what scheme or 
design is appropriate for a given situation in such a complicated and elusive area7.  

�.
 PROGRESSIVE LOADING

The implant is left submerged after successful atraumatic placement and left undisturbed for 
the osseo-integration to take place. After successful osseointegration has occurred provisional 
restoration is progressively loaded7.  

      Progressive loading has been put forward as a necessary and carefully engineered phase 
of implant restoration. The methods used to gradually increase the functional load on a new 
implant are well described and justified by their proponents. Unfortunately once again, the 
scientific literature does not support the clinical practice of progressive loading. No trial has 
been reported wherein parts of the subjects were treated with progressive loading and the 
other group provided with definitive restorations as the initial and only restoration. Lack of 
evidence does not by itself condemn the practice, but what little literature is an available point 
to progressive loading as unnecessary7. 
Another concern about progressive loading is that there is no evidence that it can even be 
done in a controlled manner. The argument that provisional restorations made of polymethyl 
methacrylate or a similar resinous material will transmit less force to an underlying implant 
than a ceramic occlusal surface would transmit is not consistent with the physics of occlusal 
function. The load transmitted to an implant is dependent upon the force of contraction of the 
elevator muscles of the mandible. If a force of 1 kg is generated by the muscles, that force 
must be transmitted through the restoration, regardless of material, to the implant and its 
surrounding bone. The damping effect described by Skalak concerning implant occlusion 
does not affect the total force transmitted and would have an effect only if there were a rapid 
impact between the teeth, rather than the controlled closure of the mouth with a bolus of food 
between the teeth7.  

The concept of keeping a provisional restoration slightly out of occlusion or narrowing the 
occlusal table during the progressive loading phase is also difficult to control. The phrase 
������	
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to be consistent with the Richter studies. It has been shown quite dramatically by Richter, in 2 
excellent papers studying forces generated on implant restorations, that the forces of 
occlusion with food between the teeth are substantially higher than forces generated in an 
empty mouth clench. If the highest forces occur with food in the mouth, it is not likely that a 
slight lack of occlusal contact would be of any protective value during the period of 
progressive loading. While progressive loading may, in fact, be beneficial, the concept is not 
supported by the scientific literature. There is probably no negative aspect of progressive 
loading that would contraindicate its use, as long as the period of treatment is not increased 
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unnecessarily and as long as the total cost of treatment is not unduly increased by the 
practice7.

    At this point it is safe to say that completely undisturbed healing of the implant/bone 
interface is not necessary for successful osseointegration to occur, and in some instances, 
implants placed into immediate full functional load can be expected to survive and function 
well. The requisite for predictable osseointegration of immediately loaded implant is yet to be 
determined.  

One parallel consideration is whether provisional loading of the tissue borne prosthesis over 
an implant during the osseointegration period will affect the osseointegration of the implant � 
no scientific evidence that early failure can be attributed to early loading or overloading 
resulting from a tissue supported interim prosthesis7.  

E. IMMEDIATE LOADING

The implant and the abutment are placed in one surgical procedure and the provisional 
restoration is placed at the same time.  

During the last 15 years, several authors have reported that root form implants may 
osseointegrate, even though they reside above the bone and through the soft tissue during the 
early bone remodeling. The surgical approach has been called a one- stage or non submerged 
implant procedure and eliminate the second stage implant uncover surgery7.   

F. PASSIVITY OF PROSTHESIS FIT

Many clinicians and authors have addressed the idea of passive fit of implant prostheses as 
essential to long-term success of treatment. Once again, while it makes intuitive sense that a 
mis-fitting prosthesis screwed into place between 2 or more ankylosed dental implants might 
negatively impact the long-term stability of those implants, evidence to support this 
assumption is lacking7.  

In 1984 Roberts and coworkers demonstrated that titanium implants placed into the femora of 
rabbits which could withstand the load and even stimulate bone formation following constant 
orthodontic loading. Earlier attempts to use implants as an anchorage for orthodontic therapy 
met with variable results, although since the introduction of osseointegration the use of 
implants as orthodontic anchorage has been extremely successful.  The important point 
illustrated by these early studies was that ankylosed or osseointegrated implants did not seem 
to get damaged by constantly applied loads of high magnitude. 7 

Book examined the quality of fit of implant-supported fixed prostheses retrospectively 
and found that, although none of the prosthesis examined were passive, there was no evidence 
of bone loss around any of the supporting implants, even after 5 years of function. They 
concluded that there must be a range of misfit that is tolerated by implants and still allows for 
long-term implant stability. 7 

If misfit is detrimental, the clinician must have the tools to measure it and to avoid it, 
at least at levels where damage is likely to occur. Level of misfit turns out to actually not be a 
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significant risk factor for long-term implant success, then the technology necessary to provide 
acceptable implant superstructures need not be extremely precise or expensive.  While 
experimental evidence demonstrating a detrimental effect of misfit on osseointegration is 
missing and the issue of misfit as a biologic risk for implant success remains a major 
question, one can still assume that prosthesis misfit is likely to increase the incidence of 
mechanical component loosening and/or fracture. The literature describing prosthodontic 
complications is at best confusing, but some evidence exists that inaccurate prosthesis fit can 
be the cause of a high rate of component complications. From the aspect of mechanical 
stability, the need for accurately and passively fitting superstructures can be justified. The 
issue of passively fitting superstructures leads directly into the next topic of discussion7.  

G.SCREW-RETAINED VERSUS  CEMENTED IMPLANT RESTORATIONS.

Now, there are 2 different approaches to dental implants. In many cases for many patients prostheses 
use screw retention and remain normal designs. Some tend to create more conventional implant 
dental restorations, including restore cementation. The selection between cementation and shield 
preservation seems first of all to be one of the clinician's personal preferences7.  

There is no evidence that one retention strategy is superior to the other. The benefits of screw 
retention are mainly limited to issues of recovery, which is definitely an advantage for the redesign 
which holds a screw. On the other hand, the advocates of cement retained implant restoration 
mention the distinctive advantages of a cemented technique better esthetics, better occlusion, ease of 
production and reduced part cost as well as structure. Another potential benefit to a cemented 
treatment is that when put in the mouth it has the potential to be completely passive. Without a screw 
to draw incorrect components and a clamping pressure, strains inserted in the restoration / implant 
assembly will continue to be removed through the tightening power of the torques7.  

If it is possible to passively restore cement on several abutments, it will not by itself be stressed to 
add a cement into the gap between prosthesis and abutments. Together with the others mentioned, 
this potential advantage makes cemented implant restorations more and more common. Cemented 
implant restorations proponents also note that restoration reclaimability can be preserved by using 
temporary cement. There is sadly no evidence that the various provisional luting agents are 
predictably recoverable when 2 or more metal elements are cemented together. Cement, which works 
alongside provisional cement for teeth-fired restorations, can in fact serve as a permanent graining 
agent for metal-fired concrete. Similarly, cements for permanent grinding can be inadequate when 
metal-to-metal is cemented. Work in this area is medically relevant7.  

H. USE OF IMPLANTS AS OVERDENTURE ABUTMENTS

Implants used in combination with prothesis overdenture are a common means of improving denture 
consistency, stability and cost-effectiveness. Many strategies have been identified in the literature for 
attaching an overdenture to an implant, but 2 basic design principles are currently being debated. 
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 The question to be answered is whether or not implants need to be separated in order to better cope 
with the load of overdenture support or whether individual implants alone can cope with the load. In 
the debate, maintenance problems often play a role. Others claim that joint splinting, replacements, 
and the risk of screw relaxation and part fracture is increasing. Some claim that the presence of a bar 
under the tooth will weaken the tooth and cause long-term fracturing problems. All claims can be 
slowly endorsed.  Also, the option of how an implant overdenture is stabilized and maintained relies 
on the personal preferences of the clinician without significant scientific support for therapy7. 

 More clinical studies are required to determine the best use of implants in overdenture therapy. 
Overdenture retention magnets have been widely used.New magnet engineering advances have 
sometimes generated renewed interest in their use, but their findings have often not met expectations. 
Though new models and magnet forms are relatively common in the literature, there were no readily 
available follow-up studies of the problems associated with their use. Publications in the dental 
literature were also concerned with the chronic exposure of living tissues to strong magnetic fields7.  

I. NUMBER  OF  IMPLANTS  NEEDED  TO  SUPPORT  A RESTORATION

How many implant procedures are needed to support the expected rehabilitation is one of the most 
difficult choices to take for the treatment of patients with dental implants. This issue involves the 
concern about the predictability of individual implants used to remove single postal teeth. No 
forward-looking data to date on this question are available7. 

 For the number of implants needed to restore the edentulous arch using a fixed implant-supported 
prothesis, the literature can frequently be cited. Such guidelines, sadly, vary from one extreme, 
where four implants are considered appropriate to support a completely fixed arch prosthesis to the 
other extreme, which advises that a single implant will replace each missing tooth. The truth is that 
restorations focused on both ends of the requisite implant numbers can be shown to function in a 
specific medical situation. For many patients, where the financial support of implant rehabilitation is 
an important factor in their acceptance, the benefit of less implants is a cost-saving solution. On the 
other hand, where there are more than enough implants available to support the expected prothesis, 
failure of 1 or more of the implants may not be crucial to successful end-restoration, and may prevent 
further implant surgery as well as the time necessary to achieve osseointegration7.  

J. CONNECTING IMPLANTS TO NATURAL TEETH

Many of the problems associated with implant attachment to the teeth during the same restoration 
was reported. The phenomenon of natural tooth intrusion was mainly expressed as a question. 
Although many hypotheses concerning the etiology of the intrusion phenomenon have been 
developed, there is no experimental evidence to provide a solution. A prosthesis which contains a 
tooth as one terminal and an implant as the other is a mechanically complicated hybrid, which results 
from the unequal reinforcement of the two ends of the prosthesis7. 

 At least theoretically ,the existence of a periodontal ligament as a connections and protection of the 
root of the natural tooth and the ankylotic character of a bone-integrated interface are of concern 
because, while the implant immediately absorbs load without interruption, a tooth may intervene to 
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the degree that its suspensional ligament fibers are charged. By developing the IMZ implant, Kirsch 
and colleagues tried to solve this problem7. 

 Rangert et al. suggested that the Branemark implant model permits an appropriate bent to fit the 
periodontal ligaments of natural teeth within the implant pillar assembly. The question about the 
difference between support for a tooth and an implant may likely have less effect than one would 
expect on the mechanical function of an implant restore. Bone is a versatile, robust material itself. 
Looking at the bone via a periodontal ligament, it is likely that the bone deformation caused by the 
implant loading results in similar deformation. The disparity between the tooth support and implant 
supports could be predicted, or at least in part, to be taken into consideration. There has been a 
common use of a single implant and a single tooth for a 3-to 4-unit fixed partial tooth made as a 
simple restoration process and cemented with a permanent stringent agent, with few long-term 
problems recorded. In fact, if you prevent the tooth from entering either with permanent or 
mechanical locking devices such as a horizontal screw attachment, the difficulty with the fixation of 
teeth on implants tends to decrease. The issue could be decreased7.  

 Although many advances in the design, engineering and implementation of implant prosthesis were 
the result of competitive trials and errors. The one basic principle of recent success is to 
acknowledge the need to learn, to adapt and to improve biological processes to further succeed7. 

ADVANCES  AS RELATED  TO CHANGES  IN DIAGNOSTIC AND SURGICAL 
TECHNIQUE 

Advances In Diagnostic Technique 

A. Ridge Mapping

B. Resonance Frequency Analysis

C. Computed Tomography

D. Cone Beam Radiography

E. Cone Beam versus Conventional CT

F. Magnetic Resonance Imaging
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G. Tuned Aperture Computed Tomography



RIDGE MAPPING 

When a single tooth in the anterior region of maxilla or mandible is to be replaced with an 
osseointegrated implant, the thickness and the quantity of the labiolingual bone can be gauged 
by the ridge mapping technique as described by Wilson.Ridge mapping is a procedure that 
allows the implant surgeon to determine the thickness or width of the alveolar bone before a 
mucoperiosteal flap is reflected during surgery. The ridge-mapping technique involves a 
series of measurements with a specially designed caliper (available from WBC, PO Box A70, 
Sydney South 2000, Australia). The sharp points of the caliper penetrate the anesthetized 
mucosa until the surface of the bone is reached. A millimeter scale near the handle end of the 
caliper will give an accurate reading of ridge thickness8.  

Ridge mapping necessitates two measurements taken at each implant site: one at the 
level of the ridge crest and the other at a point approximately 7 mm vertically. A comparison 
of the two measurements will indicate any change in alveolar bone thickness below the crest. 
In longer edentulous spans or in the completely edentulous jaw, measurements are taken at 7-
mm intervals along the crest of the ridge. Each crest measurement is followed by the second 
vertical measurement. In this way, the area of the alveolar ridge which is to receive the 
implants is "mapped" so that the dimension of the bone will be known at an early stage. 
These measurements will also highlight any significant reduction in width dimension that 
could preclude an implant in that area8.  

COMPUTED TOMOGRAPHY 

In 1972 a computerized transverse axial scanning was developed by Godfrey Hounsfield. This 
technique allowed him to generate a narrowly collimating and moving X-ray beam to create an 
axial cross-sectional image of the head9.  

The residual radiation of that beam is detected by a scintillation crystal and the analog 
signal is then fed into a computer, and digitized and analyzed using a computational algoritm. It is 
believed that this technique is 100 times more efficient than traditional radiation technologies. This 
software is also referred to as Computerized Axial Tomography, Computerized Tomography of 
Reconstruction, Computerized Tomographic Scan, Axial Tomography and CT. A computed 
tomography, CT is the commonly preferred term. The CT scanner consists of an X-ray tube 
spinning around the patient. Either the detectors travel with the x-ray tube or are in the shape of a 
fixed circular screen. A method of CT is known as incremental scanners as a sequence of adjacent 
or overlapping axial images are used for the final image collection. In a spiral or helical pattern, 
modern CT acquires images. The table on which the patient lies also shifts within the board, in 
addition to the movement of the x-ray tube around the patient's chest. This is how objects are 

��







images in three orthogonal planes (axial, sagittal and coronal) that implement advanced algorithms, 
including back-filtered projection10.  

          Although the CBCT concept has been in effect for nearly 2 decades, it has only recently come 
into commercial use with the production of inexpensive x-ray tubes, high quality detector systems 
and powerful personal computers. The NewTom QR DVT 9000 was unveiled in April 2001 and 
includes the 3D Accuitomo�XYZ Slice View Tomo-graph (J. Morita Mfg Corp.) and iCAT (Xoran 
Technologies, Ann Arbor, Mich.), the iCAT system (Charlousers, Mich., and the ICAT system). 
The new systems are the ones that were developed by CB MercuRay (Hitachi Medical Corp., 
Kashiwashi, Chibaken, Japan)10.  

         Such units can be identified by the x-ray detection system. The image intensifier tube (IIT)�
load-coupled device is used by most of the CBCT systems for maxillofacial applications A program 
has recently been released using a flat panel imager (FPI). The FPI consists of a cesium iodide 
scintillator for an amorphous silicone thin film transistor. The image created with an IIT usually 
produces more noise than the images in a FPI and must alsobe pre-processed to reduce the detector 
configuration geometric distortions10.  

CBCT advantages  

�	 ��-70 seconds quick scan time. Further time is needed for scanning high-resolution images. It 
leads to incorrect information in patient movement.  

Increasing the radiation dose even in high resolution images.  

Photo resolution 

 �	�	 �!��	��������	��	"#"T compared to conventional CT anisometric voxel. It enables small, up 
to 0.4 mms to 0.125 mts (tomographic layer) images of high resolution.  

Dose Reduction  

�	$%�	�&&���� �	������ �	����	��	'-15 times that of modern radiography (2,9-���( )	�������	���%	

1,320-*�*+'�� 	�&	����������	"$,	 

In-offices do not have to be set expensively up to standard CTs.  

�	-������	���.�	���&���� 

�	���	�����	���&����	�����	��	�%�	�����������	�&	���.�	��.���%��	&��	�%���	�� ����10. 

 

 

CONE BEAM VERSUS CONVENTIONAL CT 

Given the similar capabilities of CBCT and CT multi-slice, the distinctions between the two 
modalities are prudent. A 16-slice CT scanner is faster than the fastest CBCT scan, with modern 64-
slice CT systems reducing scanning time. It reduces the risk of patient motion effectively. The 
CBCT's theoretical resolution is higher than CT but the gap may not be as significant as once 
assumed because of the effect of the patient movement caused by increased scanning time9.  

           Performance of the picture was discussed extensively and there is currently no direct 
reaction. Cadaver studies show cone beam engineering capabilities, but patient images were less 
impressive. The low exposure parameter of CBCT leads to a poor contrast between soft tissue and 
CT and the inability to change exposure parameters on the majority of machines contributes to 
image quality in larger patients. However, in patients with metal restorations, posts or surgical 
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boards, CBCT suffers from the very same hardening phenomenon that CT does; restricting its 
utility in exams. Dental implants creating a similar artifact on CBCT pictures were recently 
reported9.  

            While it is known that CT multi-slice screening is higher than CBCT, reports indicate that 
CT protocols with low doses lead to considerably less exposure than previously thought, without 
significantly affecting image quality. Reduced contrast and therefore image quality are a result of 
the lesser dose of the CBCT scan. Image noise is also significant, especially when patients are large 
or when scans are higher resolution. It should be noted that while the CBCT test radiation dose may 
be lower than low-dose CT, the radiation dose is still significantly higher than other types of dental 
x-rays9.  

          The 3D CT data allow the surgeon to prepare the implant procedure including the choice and 
placement of implants in advance. The different softwares are now available. Those data are then 
used to create an operating guide used during the actual implant procedure. Commercially available 
technology for CT guided operations is the Nobel Guide and Simplant9.  

Local CT Local CT is a CBCT edition. This uses a small high-resolution sensor in the field to 
provide a specific 3D area with high resolution. The fields or sizes of intraoral radiographs are 
equivalent9.  

LCT produces low dose, low cost and accurate images.  

Tomography Optical coherence Ottis LL, Everett M J et al (2000) developed optical coherence 
tomography. To produce cross sectional pictures, Optical coherence tomography uses infrared light 
sources. Biological tissues can penetrate infrarot rays without any biological effects. For the 
composition of objects, variations in light reflection are used9.  

 

MAGNETIC RESONANCE IMAGING  

MRI utilizes non-ionizing electromagnetic spectrum radiation from the radio frequency band. The 
patient is located within a broad magnet to build an MR picture which causes a comparatively 
powerful magnet field from the outside. It leads to the interaction of the nuclei with the magnetic 
field of many molecules, including hydrogen. After an RF signal has been applied, energy is 
released, detected and used for computing the MR image. The atoms do not align themselves with 
the external magnenic field and create a usable signal in tissues such as bone, where hydrogen 
atoms are tightly bound. Proton density, which is higher in soft tissues, is called the concentration 
of the atoms of loosely organized hydrogens in the tissue9. 
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Scan Ora  

Uses complex broad beam spiral tomography and is able to scan in multiple planes. In 
addition to less radiation dose and less significance of patient movement, it has the additional 
advantage that the picture can be captured on radiographic film unlike CT Scan. It has the 
disadvantage that object outside the focus appear blurred and also the slices are much thicker 
hence not very good detail reproduction. 9  

European Academy of Osseointegration (E.A.O) Guidelines for the use of Diagnostic 

Imaging in Implant Dentistry  

A. Clinical Considerations
1. What radiological information does a surgeon require when planning for implant

surgery and at what stage should it be obtained? 

         In investigating an implant site, a surgeon requires information on bone volume and 
quality, topography and the relationship to important anatomical structures, such as nerves, 
vessels, roots, nasal floor, and sinus cavities. This information is obtained with a clinical 
examination and appropriate conventional radiographs. The decision to proceed to 
crosssectional imaging must be based on clearly identified needs and the clinical 
requirements of the clinicians involved. Implant failure may be related to poor bone quality at 
the implant site. Information about bone quality can be obtained preoperatively based on 
radiographic images and partly during the surgical performance11 . 

2.What type of clinical situations might potentially benefit from crosssectional imaging?

a)When reference to such images can help minimize the risk of damage to important

anatomical structures.  

b).To provide more information in borderline clinical situations where there is limited bone 

height and/or bone width available for successful implant treatment.  

c)To improve implant positioning and axial direction that will optimize biomechanical,

functional and aesthetic treatment results. The diagnostic information can be enhanced by the 

use of appropriate radiopaque markers or restorative templates.     

     However, this information cannot be transferred exactly to the surgical site as long as no 
intraoperative navigation is used.  

3. Who should decide whether a patient requires cross-sectional imaging?

        Clinicians should decide on the basis of the clinical examination and treatment 
requirements, and on information obtained from conventional radiographs whether or not 
cross-sectional imaging will be of benefit. If the patient is to be referred then a radiologist 
with specialised knowledge in the field should decide on the appropriate cross-sectional 
imaging techniques based on the information provided by the clinician. Circumstances may 
dictate that it is the clinician who must decide. Clinicians must clearly indicate the reasons for 
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requesting the investigations and provide the radiologist with sufficient information to allow 
the production of accurate and relevant images of good quality. It is the duty of the clinician 
to understand the fundamental principles of cross sectional imaging and to be capable of 
interpreting the images. The technique chosen should provide the required diagnostic 
information with the least radiation exposure to the patient11.  

 

 

B. Radiological Considerations 
1. What imaging modalities are available for investigation of potential implant sites?  

      Standard radiographic imaging techniques are intraoral, panoramic and profile (lateral) 
radiographs. In certain special indications, cross-sectional imaging [i.e. spiral tomography  
and multiplanar reformatted computed tomography (CT)] may be necessary.  
2. What is the recommended technique performing these  imaging modalities, and what is 

the resulting radiation dose?  

Table beneath delineates the recommended technique for each imaging modality 
together with the resulting maximum radiation dose acceptable. It is essential that the 
ALARA (as low as reasonably achievable) principle is adhered at all times. This may 
result in significantly lower doses in certain circumstances. Digital radiography might 
reduce the dose even further.  

3.What is the biological risk from the dose incurred in each of the techniques?  

      The use of radiation involves a certain amount of risk. To assess the significance of this 
risk it is important to set it in context with other commonly encountered risk factors (NRPB 
1998). A few examples are:  

A: Annual risk of death in the UK Smoking 10 cigarettes 1:200per day, Heart disease 1:300, 
Accident in the home;1:15,000, Accident on the road ;1:17,000,  

B: Radiation exposure in context the annual dose averaged over the whole European 
population is about 3 mSv per person. However, 85% of this is due to natural background 
radiation, and only 14% from medical and dental radiation. The International Commission on 
Radiological Protection (ICRP) has estimated the risk per mSv as 1 in 20000. For younger 
age groups the risk is estimated to be twice as high. Based on the above estimated values, the 
risk for the various imaging modalities is as follows11:  
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Intraoral radiography  

Frontal -1:10,000,000  

Premolar -1:5,000,000  

Molar -1:3,000,000  

Full mouth survey -1: 476000  

Panoramic imaging -1:667000  

Cephalometric lateral  skull with wedge form  

Collimation- 1:2,000,000  

Computed tomography- 1: 40,000/jaw  

Spiral tomography  

Maxilla _1:2,000,000/cut,   

Mandible _1:4,000,000/cut  

 

4. What is the recommended imaging modality for different clinical situations  

           This applies to those cases where more information is required after appropriate 
clinical examination and standard radiographic techniques have been performed. The choice 
of techniques is based on the lowest dose giving the required diagnostic information. For 
example, the assessment of a single tooth gap requires approximately 25 times less radiation 
using one spiral cross-sectionals tomogram as compared to a CT examination. If the 
suggested cross-sectional imaging modality is not available, the alternate cross-sectional 
modality may be used, but this may result in a higher dose and/or lower diagnostic quality11.  

 

C. Diagnostic benefits 
What are the potential diagnostic benefits of cross-sectional imaging? 

 (a) Preoperative assessment to identify bone volume, jaw topography, bone structures, 
location of important anatomical landmarks, etc.  

(b) Treatment planning to identify optimal locations of implant sites in relation to 

available anatomical conditions for best aesthetics, function and loading conditions. The 

techniques can also be helpful as part of the preoperative planning for various augmentation 

protocols.  

(c) Postoperative monitoring cross-sectional imaging is not a part of the routine protocol 

of postoperative examinations, unless there is a need for assessments in situations where 

some kind of complications have occurred, such as nerve damage, postoperative infections in 

relation to nasal and/or sinus cavities close to implants11.  

 

D. Recommendations for the use of cross-sectional imaging in implant dentistry  

Single Tooth Implant Sites  

If the clinical examination indicates there is sufficient bone width and recommended standard 
radiographic examination reveals adequate bone height and space, no additional imaging is 
required. Additional crosssectional imaging may be required when an implant site lies in 
close relationship to nerve canals as occurs in the posterior mandible and the maxillary 
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central incisors. It also may be of benefit in investigating defect sites to allow for more 
precise treatment planning11.  

 

Edentulous Maxilla  

In many cases, clinical examination in conjunction with recommended standard radiographs 
will provide sufficient information on the available bone volume. Additional cross-sectional 
imaging may be required to determine the adequacy of the available bone volume and the 
need for bone augmentation/grafting procedures. Cross-sectional images can also help in the 
planning and predictability of prosthetic results that involve a fixed prosthesis and in the 
transfer of this information to guide the surgeon in implant positioning. Special techniques 
such as zygomatic implants may also dictate the need for additional imaging11.  

 

Partially Edentulous Maxilla  

Clinical examination in conjunction with recommended standard radiographs will form the 
basis for treatment planning and indicate if further cross-sectional imaging is required. 
Assessment of bone volume and topography, the position of adjacent anatomical structures 
and the need for restorative planning particularly in the aesthetic zone may indicate a need for 
additional imaging11.  

 

 

 

 

Edentulous Mandible  

In almost all cases, clinical examination in conjunction with recommended standard 
radiographs will provide sufficient information for treatment planning. In certain 
circumstances, involving extreme atrophy or unusual anatomy, additional imaging may be 
beneficial11.  

 

 

Partially Edentulous Mandible  

Clinical examination in conjunction with recommended standard radiographs will form the 
basis for treatment planning and indicate if further cross-sectional imaging is required. When 
implants are to be placed in proximity to the inferior alveolar nerve, cross-sectional images 
can provide useful additional information on the available bone volume and shape in relation 
to the position of the nerve canal11.  
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III. ADVANCES RELATED TO IMPLANT COMPONENTS.  

 

1. IMPLANT BIOMATERIALS   

2. IMPLANT DESIGN AND SURFACE TREATMENT.  

   A.Implant Body Geometry  

  Wide- And Narrow-Diameter Implants and Platforms  

                 Small-Diameter implants   

                 Transitional Implants  

 B. Implant Surface and Coatings  

 C.Thread Design  

3. THE ABUTMENT CONNECTION  

4. A CRITICAL LOOK AT THE IMPLANT/ABUTMENT INTERFACE  

5. ABUTMENT SCREW DESIGN  

6. VARIOUS OSSEOINTEGRATED IMPLANT SYSTEM 
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1. IMPLANT BIOMATERIALS  

An osseointegration benchmark has been developed in implants made of commercially pure 
titanium that few other materials compare. Similar materials such as niobium can produce high rates 
of osseointegration and some titanium alloys and hydroxyapatite coated implants report good 
clinical results. Recently resorbable coverings are created that increase the original bone healing 
rate against the implant surface and then absorb the bone to metal contact in a short time period12. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Aluminum and calcium phosphate ceramics are important in endosteal implantology, as are the use 
of bioinactive ceramics, such as aluminum oxide, good supporting bone with lamal orientation, 
which can usually grow in close proximity on the ceramic surface to provide contact osteogenesis.  
A new ceramic implant material has been launched with partially stabilized zirconia, which are 
equal to highest oxide values.  

Yasumasa Akagawa says the mechanical properties of this ceramic are more important than the 
stable zirconia. In addition, due to its energy-absorbing properties during martensitic transformation 
of tetragonal particles, zirconia possesses high fracture resistance. Zirconia can therefore act as 
metal, biocompatible and mechanically robust. In fact, this material is highly radioactive and simple 
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to cut for preparation of abutments. Partially stabilized zirconia is therefore seen as an attractive 
dental implant endosseous material13.  

 Results of the Yasumasa Akagawa study suggested that osseointegration in 2 separate loading 
conditions of non-submerged new zirconia implants mounted in the one-stage procedure is possible. 
Although the latest Zirconia implant was mounted, it was well encapsulated with newly formed 
bone tissue and primed implants. The quality of tissue with partially stable Zirconia and the strength 
of polycrystalline alumina were two times higher13.  

METALS 

 Endosteal implantology forefront. The main reason is because dentistry implants must be slim to 
match the alveolar bone available. Better experimental results with niobium have been obtained 
most recently12.  

 COMPOUND MATERIALS 

 All materials containing a single element, but have major or minor advantages, but also 
disadvantages. Endosseous metal implants incorporate mechanical factors, though biological shape 
would theoretically at least seem more conducive to bioactive ceramics. Compound substances 
were therefore established which incorporated the beneficial properties, but restricted their 
drawbacks of two different materials. For example, the development of a ceramic hydroxyapatite 
biologically stable layer of titanium.  

Tantanate calcium consists of the reaction of titanium oxide hydroxyapatite on the surface of a 
metal and helps to mount titanium implants in a ceramic coating.  Many of the problems caused by 
different thermal expansion coefficients and the various elastic properties of the various materials 
employed tend to afflict the coating process for titanium implants. The adverse histological effects 
may be correlated with even minor changes of the ceramic or transformation during thermal 
treatment of the coating procedures. The problem of long-term prognosis and medical usefulness in 
hydroxyapatite coverings has been identified. Nonetheless, recent studies on HA-coated implants 
indicate that concern is more theoretical than medical about their long-term prognosis14.  

Biotolerant: Characterized through the interaction of bone with toxic ions as a result of connective 
tissue surface (distance of osteogenesis) between the implant and the bone.  

 Implant Bioinert: No reaction because the foreign ions are not released with the implant pad. No 
intervening connective tissue surface is directly linked. (Osteogenesis contact). 

Bioreactive materials demonstrate that the implant bed and bone have physiochemical bonds. Bone 
adaptation (binding osteogenesis) is chemical and micromorphological. The biomimetics are fabric-
based integrated materials designed to imitate particular biological processes and help improve the 
host microenvironment's healing / regenerative response.   

Also called osteoconducting Bioinert and Bio-active materials can act as grooves that enable the 
growth of bone on their surfaces.   

The objective of the biomaterial research is and continues to be to develop materials for implants 
that induce the interfacial tissue, both hard and soft tissue, to be predictable, regulated, directed and 
fast14.  
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Wilhein Gregor, a clergyman who discovered the metal in the dark, magnetic sand of Cornwall in 
1791, found the product of Titanium and Titanium Alloys�6 ALUMINIUM�4 VANADIUM. In 
1925, Van Arkel refined and manufactured a metal that had reasonable properties, using titanium 
tetra iodides.   

Most doctors defined two types for bio-materials of titanium implants; 1) pure (cp), 2) titanium 
alloys for business purposes.  

It was split into six distinct materials between these two classes, American research and material 
culture (ASTM). Four grades of titanium CP and two alloys of titanium comprise them.  

Uses:  

In the pigment market, however, bulk is used to manufacture Cp titanium and titanium alloys only 
5-10 percent of the titanium ore.   

1.Titanium tennis rackets, golf clubs and glass frames are also used  

2.Mainly used in industrial applications such as jet engines, aircraft and aerospace, requiring a high 
weight strength and good resistance to corrosion.   

Many uses include water storage, containment of nuclear waste, heat exchanges, marine 
desalination and drilling equipment, as well as food processing centres, which require chemical 
resistance and cleaning agents to prevent corrosion.   

For their high biocompatibility and durability, titanium and its alloys are important in medical 
implants. These include joint replacement tools, biosubmerged appliances including pacemakers for 
repairing the site of a break and encapsulation15.   

 

 

 

 

 

 

Benefits:  

 1. Ti's high cost is the biggest downside to its broader usage although over the past 10 years, 
the cost has been rising.   

2. Ti is hard to cast and risky. The former metal oxidizes so easily, that an explosive reaction 
will happen at high temperatures. It is used in the desired shape in either machined or plastic form.   

Fitness: ASTM CommitteeF-4 accept four grades of commercially pure titanium and titanium 
alloys in products for surgical implants. It is commercially pure titanium of grade I, commercially 
pure titanium of grade II, also known as titanium unalloyed15.   

 

The Ti-6Al-4V and Ti-6Al-4V Extra Low Interstitial (ELI) alloys.   

The thin, non-magnetic component is pure titanium. In the event of carbon and chlorine, heat 
titanium oxide (rutile, ilmenite), then reduce to a titanium sponge the resulting titanium chloride 
using molten sodium. This sponge is then mixed into ingots made up of the common metal in a 
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vaccine or in an inert environment. Titanium is burnt into light, and in the presence of nitrogen it is 
the only metal that burns15.   

The crystallographic transition of pure titanium occurs on heating at 8820C. This method of 
processing takes place in many materials and produces substantially different properties than in the 
original condition. A variety of other elements, such as Gold, Al, Ar, Cu, Fe, Ur, Va and Zn, are 
dissolved by titanium15.  

The 3 types of alpha, beta and alpha beta titanium alloys of interest to dentistry are found. Both 
forms are derived from the fact that pure titanium is heated at certain concentrations with elements 
Al and Va. This method provided truly solid solutions. Such additional elements will serve as 
stabilizers of phase conditions.   

 As an alpha phase stabilizer, aluminum has been named. Alpha also helps to boost alloy strength 
and lower alloy weight. As a beta-phase stabilizer, Vanadium has been named.   

  Once Al or Va is applied to titanium, a number of temperatures change at which alpha-beta change 
takes place. Alpha and beta may be found in these ranges. At the desired shape, room temperature 
alloys are relaxed at the temperatures. These alloys, especially alpha-beta, can be treated with heat 
in order to increase this power. Alloys of the alpha-beta type are the most widely used in dental 
implants. Among these, 6% Al and 4% Va. (Ti-6 al-4V) are the most common15.   

Mechanical characteristics: The titanium elasticity unit from grade I cp to titanium grade IV cp 
varies between 102 and 104 G Pa (only 2%).   

In contrast to titanium alloys, the characteristic pattern of rising strength is: 

1.The elastic unit is somewhat greater (113 MPa compared to 104 MPa in titanium of CP class IV).

2.For Ti alloys the yield strength increases by more than 60% to 860 Mpa for CP Ti.

Similar with alloys Co-Cr-Mo. The titanium alloys are twice as strong and the elastic modulus is 
half as strong.   

In contrast with most other alloys titanium exhibits a relatively low elasticity and tensile strength 
unit.  

 Cp titanium elasticity module is 5 times higher than the compact bone, and the significance of 
layout in proper distribution of mechanical stress transmission is highlighted in this property. The 
elasticity of the alloys is much greater than the elasticity of titanium, about 5.6 times the compact 
bone.  

 Coining, stamping or forging accompanied by controlled ringing therapies are commonly used 
during the metallurgical processing of implants in order to prevent bending due to local strain on 
insertion. 

Although more rigid than bone, their elasticity modulus is similar to the bone than any other large 
implant metal; pure titanium is the only exception. This property leads to more equal pressure 
distribution at the vital interface of the bone implant, as the bone and implant can contract more 
likewise15. 

Oxide Coatings 

 When exposed to the air, most metals form oxide layers. The form of the oxide depends on the 
metal and its oxidation conditions. Everything that comes into contact with the implant surface is 
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able to change it, so that a metal in the body's physiological conditions are rather stable, depends on 
the character of the oxide layer. Pure titanium can form a variety of oxides in principle. The most 
stable and therefore most widely used in physiological settings are Tio, Tio2, and Ti2O3. Such 
oxides form spontaneously when titanium is exposed to air. A 10A0 oxide layer on the pure titanium 
surface can be formed within one millisecond of air exposure in one minute; this may be 100A0 
times the same layer16.   

 Even if the US. Food and Drug Administration allows titanium implant manufacturers to move 
their products before sale with a nitric acid bath. Many of the titanium alloys in which titanium is 
present at 85-95% hold pure titanium inert.   

 Ti is easily reactive, both as a pure metal and as alloys form a stable surface oxide of Tio2, which 
makes them resistant to corrosion. When damage occurs during implant insertion, this oxide can 
instantly repair itself16.   

 The dissolution rate of TiO2 is extremely low in a passive state. With time, the surface of the metal 
implant is slowly altering however titanium deposition can be seen in the tissues. The standard 
human tissue titanium rate is 50 ppm. In the healthy tissue surrounding Ti implants, values of 100-
300ppm are often found at these levels; tissue discoloration with Ti pigments are seen. The 
dissolution frequency is among all passive implant metals one of the lowest and tends to be well 
tolerated in the organism.  

 There have been several adverse effects, increased concentrations of titanium are observed, 
particularly in the lung and in liver, kidney and spleen, both in perimplant and parenchymatic 
tissues16.  

Corrosion: 

Surface oxide formation can be theoretically as well as medically observed. Theoretically, the mode 
of oxide production can be represented by the Nerst equation and Pourbaix equation diagrams. 
Stress can produce a combination of mechanical and environmental impacts on a metal and alter its 
surface oxides properties17.  

 The cracking of stress corrosion and corrosion fatigue in implant systems are critical because they 
can lead to a complete mechanical implant failure. Under physiologic conditions, stress corrosion 
cracking of pure Ti is unknown; potentially, Ti alloys are subject to this phenomenon in 
physiological conditions. Due to the formation of titanium-Al compounds,alloys are especially 
vulnerable to this problem with the presence of aluminum at a level above 6%.      

 Due to vanadium formation blocked, the presence of vanadium increases the susceptibility to 
corrosion cracking. Titanium alloys are very corrosion-resistant and render titanium alloy an ideal 
metal if it is desired to achieve high fatigue strength.   

 Fluid irregularities, such as friction or scratches, can affect the oxide film and lead to disturbance in 
isolated areas. The process of cervical corrosion and pitting corrosion is involved in this form of 
breakdown17. 

Other characteristics: Ti is one of the metals, which can be combined without losing passivity, with 
other metals. In combination with metals with greater corrosion potential, the process of galvanic 
corrosion may become corroded. They remain passive in combination with metals and provide a 
balanced mix. It would be smart, instead, to avoid extremely passive materials, such as stainless 
steel. In the choice of surgical instruments for the positioning of titanium implants this should also 
be considered17. 
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Implant selection: 

 Clinical evidence indicates that there was excellent biocompatibility and tissue responses in all six 
marketably available biomaterials for the dental implant. None of the Ti-based materials have 
proved to be more biocompatible. In a choice of implants for a particular patient, considerations 
such as implant design, volume and material strength should be determined. If you have a history of 
para-functional behaviors, you should choose a titanium-type implant made from Ti alloy instead of 
Cp grade I. Therefore, tiny implants within thin walls demonstrate the need for high-resistance 
materials17.   

 

Tissue response 

 Metals and alloys, namely commercially pure (CP) titanium and Ti-6Al-4V, are the most 
commonly used biomaterials for dental implants while Co-Cr-Mo is typically used in subperiosteal 
implants.   

 Low-density metals with chemical properties for implantation applications are Cp Ti and Ti alloys. 
Ti has a low shear strength and is immune to articulating the ground or bone screw. The surface 
oxide layer Ti has high resistance to corrosion which creates a chemically unresponsive surface for 
the surrounding tissue.         

 The selection of an implant material is based on both elastic modules and strength. The 
implant must be immune to occlusal forces without permanent deformation and has a small 
modulus to maximize the transfer of force17.  

 

 

 

 

 

 

2. DESIGN AND TREATMENT SURFACE. 

 

A. Body Geometry  
 Typical cylindrical shape of the endosteal implant body geometry. There were at first 3 
basic forms: the threaded screw; a press fit cylindrical and a hollow basket cylindrical. The 
classic distinction was that threads and a solid or hollow cylindrical occurred or were not 
present. The macro locking of the screw implants is shown while microlocking is shown by 
press fit cylinder. Different body geometries have resulted in the creation of the implant in 
the root type over the past 20 years. The impetus for improvement was motivated by desire 
for surgical simplification, higher predictability in poor bone performance, immediate 
positioning rather than lag, better pressure distribution, increased initial stability and 
differentiation in marketing.   
Classical geometrical variations are no longer applicable as different features are 
incorporated into a wide range of geometrical shapes. Threaded screws may be flat, tapered, 

��







commercially pure titanium (CPTi) implant (7 percent), 13 percent, and 16 percent over the 
respective 5, 10, and 15 years, respectively. Regardless of its physical properties, a wider body 
increases the available area for integration considerably and lowers pressure on the interface of the 
bone-implant (unpublished data). It also reduces load transmission off-axis, which is the strongest at 
the implant neck and crest; due to its increased circumference. It reduces the risk for crestal 
overload, normally related to bone loss. A wide platform also improves rough stability by lowering 
the occlusal table to load platform cantilever and the resulting pressure2.  

 No matter the size of the external hex engagement, large diameter implants perform cyclical 
charging tests extremely well and display improved screw-loosing resistance (unpublished data). 
The larger charging system also allows for an emergence profile which is more closely correlated 
with its natural tooth. Anecdotal reports of increased bone loss were documented on the early 
clinical experience of broad-diameter implants threatened. Although limited information appeared 
in literature, it was suggested to overcome these initial difficulties by improving thread pattern and 
collar layout and gentler and faster surgical techniques2. 

The need for narrow-diameter implants for maxillary side incisors and mandibular incisors emerged 
with the introduction of a single-tooth replacement. There are 3.25 mm (hex) and 3.3 mm (octagon) 
of smallest diameter external implants available. The external male portion has been altered to 
provide adequate lateral stability and strength, thanks to a reduced charging frame. For thinner and 
narrower buttons, the 3.25 mm spline is the only exception. The inherent wall density constraints 
and fracturing capacity make internal partnerships more difficult to change to a small framework. 
The 3.5 mm Astra implant is actually the narrowest internal communication implant available.  
Cone screw connection's interface bending strength was 40 per cent higher than a 3.75-mm hex top 
which means that this diameter and interface can be used confidently. On any other small diameter 
links, no published data is available2.  

4.Small-diameter implants: signs, contraindications

 The use of small-diameter implants is demonstrated by unique medical circumstances: a small 
amount of bone (small alveolar crest) and a small cervical diameter for replacement of the tooth. 
The use of small implants in some cases prevents regeneration of bones.  Several longitudinal 
studies have shown osseointegration efficacy in treating various types of edentulousness.  

The majority of these studies have included 1-4 generic implants (3.75 mm or 4.00 mm). For the 
installation of a standard implant a certain minimum bone volume is necessary. The whole implant 
layer must be covered by a minimum of 1 mm bone. Increased risk of complications and failures if 
the generic implant is put in suboptimal anatomic circumstances. A limited implant diameter (3.0 to 
3.4 mm) can be defined where the alveolar crest is narrow or where there is less than 7 mm 
mesiodistal space. Small-diameter implants in some circumstances can prevent reconstruction of the 
bone (bone graft, regeneration of the directed bones, expansion of crests) or expansion in the 
mesiodistal area, at the bone level or in potential prostheses (orthodontics)2.  

 Small diameter Implant indications 

 Depending on the kind of edentulousness, residual bone density, amount of usable prothesis 
storage, emergence profile, type of occlusion, the choice of diameter depends. 

(1) reduced interdicular bone volume

(2) narrow ridges and
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 (3) substituted tooth with decreased mesiodistal predictive space are the signs for small-diameter 
implantations.  

Two types of small-diameter threaded implants (3i Implant Innovations) are present: the miniplant 
for small ripples (4,1 mm regular collar), and the Micromini for small rim (3,4 mm narrow ripples).  

All types of implants are made of commercially pure titanium of high strength grade 1 in order to 
guarantee maximum strength. However, the original small-diameter implant body design offers 
more bulk material between threads. The goal of this model is to increase the strength of the 
implant and reduce the risk of fracture2.  

 

 

 

 

Narrow Ridges 

 Increasing impact on the esthetic outcome is at the stage in which the crown emerges.  If the 
alveolar crest is less than 6 mm thick, consideration should be given to the use of small-diameter 
implants. A buccal undercut or advanced mouth resorption may result in a lingual emergence too 
much. The choice of implants depends on the diameter of the cervical margin crown and on the 
profile of emergency, when space available for the prosthesis is limited. In lowers incisors and 
sometimes in maxilla lateral incisors, the mesiodistal prothesis area is less than 4.5 mm. Often with 
regular implants with a diameter of 4.1 mm on a collar it is impossible to achieve a satisfactory 
esthetic result. In order to achieve a better esthetic outcome it is important that the cervical 
mesiodistal diameter of the implant be slightly smaller than the potential prosthetic crown. The root 
diameter is inevitably less at this point. An implant with a small collar diameter (less than 4 mm) 
needs to be considered and may give rise to a natural profile in order to replace a tooth of the 
mesiodistal diameter equal to or under 4 mm2. 

 

Morphology of the denture and hypodontia 

 There is often a small amount of bone or space in cases of hypodontia (e.g. missing incisor in the 
mandibular or lateral incisor). Convergence of the neighbouring teeth roots or crowns may be fixed 
with the care of the anterior orthodontic denture prior to the implant. The potential prothesis crown 
morphology should be identical to that of the anterior portion. An esthetic loss may be considered 
an important difference. The incisor teeth and sometimes the premolars  median cervical and 
coronal dimensions are an indicator for the choice of a specific implant diameter2.  

 

 

Biomechanical considerations 

The smaller diameter implants have a lower anchor layer and a decreased resistance to fracture 
relative to generic implants. The occlusal forces must be sufficiently evaluated before the use of this 
type of implant is contemplated. Caution is determined by the lack of a long-term analysis for all 
types of small implants. For the replacement of canines and molars, small implants are 
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contraindicated. The risk of fractures with fixtures 3.3 mm in diameter is increased, according to 
Forsmalm. The failure tolerance is 25% less than the standard fittings2.  

 

 

 

 Transitional implants 

 Some patients may be hesitant to wear the RPD for psychological reasons during an induction 
phase, while others may find the duration of implants 10-14 days after insertion without prothesis 
difficult to accept. These were initially designed for temporary restore and for the load-free 
incorporation of traditional implants.  The MDI system includes a miniature titanium implant that 
serves as the tooth root and a retainable brace in the dental foundation.  The implant head is like a 
bat, and the retaining attachment functions like an O-ring socket.  The Pring clips over the ball 
when the tooth is sitting and keeps the prothesis to a standard degree of power.  The prothesis lies 
on the gum tissue while sitting gently.  The implant attachments require micro flexibility while 
being resistant to natural lifting forces17.  

        Putting the implants in a dentist's office is quick and easy with local anesthesia or mild 
sedation to make you more relaxed.  MDI implants are mounted in the jawbone with a precise, 
regulated, minimally invasive technique.  The implant heads protrude from the gum tissue and give 
a solid, strong basis to.  It is a procedure with minimally invasive surgery and does not suture for 
the usual months of healing.  There will be a little discomfort, but the pain medication that you were 
given should be limited and regulated.  Take the pain reliever only as prescribed if possible.  The 
tooth should be healthy.  Any soon as you like, you should eat, but for the time recommended by 
the dentist avoid overly hard and sticky foods.  When the tooth is removed, rince your mouth with 
antiseptic mouthwash and clean with a cotton swab and toothpaste around each implant fixture.  
Four days with a cotton swab. The normal protocol for implant placement in a close mandible 
following implant placement recommends patients not to wear the tooth decals up to two weeks to 
avoid immediate loads of the implant17.  

 Modular Transitional Implants and Prosthetic System  

Transitional modular implants require transitional implant to be mounted simultaneously with 
permanent implants.  

Uses: 

 Makes load free osseointegration for transitional phases.  

Techniques for bone strengthening help.  

-Replacement of lateral incisors which are congenitally absent.  

-Reparation of bridges that have been destroyed.  

-Stabilization of dentures existing. 

 Use of transitional implants to endorse a surgical guide: 

Enhancing the precision of positioning of implants.   

The operative advice for edentulous patients frequently lacks the necessary consistency for the 
proper placement of the implant. The complexity of the tissue-supported ceramic implant 

��





coated. Coatings around 50 microns are typically produced on a roughened titanium or alloy 
surface for a HA plasma) sprayed endosseous implant. The most stable of the plasma sprayed 
calcium phosphate coatings is fluorapatite (FA), which is capable of retaining in large part 
both its fluorine constituent and high crystallinity during the high temperature plasma spray 
process. This process has a crystallinity of around 60% to 70%, but higher content can be 
obtained if the coated implant is heat treated at a suitable temperature after the deposition 
process. One study showed that a low crystallinity (46% HA) plasma-sprayed implant 
exhibited about three times the dissolution of Ca ions as a higher crystallinity (75% HA) 
material. This process leads to more than 6-10 times enlargement of the surface area of the 
implant body18. 

 Advantages:   

It is relatively inexpensive.  

The mechanical properties of the metallic substrate are not compromised during the coating 
process.   

Limitations:   

1. Forms mechanical bonding only with the metallic implant surface.   

2. The main source of contamination appears to be copper from the nozzles of the sprayer.   

 

 

 

 

(ii) Laser induced roughening of the surface 

The eximer laser was used to establish surface roughness (microstructures).  

Advantage�Laser can be precisely guided to achieve regularly orientated micro-retention with 
predetermined angulation.  

�
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(iii) Surface etching and sandblasting:

Causes implant surface rougnhness. 

The downside of this is that the technological methods avoid contamination. The downside is that 
metal oxides are removed, allowing the initially rough surface to smooth and flatten.  

(iv) Hydroxyapatite coating

Such coating results in a rapid healing of the osseous tissue and an overall improvement in the 
bone-implant interface region. On the other hand, precisely this function appears to have an adverse 
effect on the surface of the implants over the medium to long term due to its instability which 
results in a breach or total loss of HA. The surface structure is also bioreactive and contributes to a 
faster treatment of the osseous compared to a metal implant. Bone loss is especially rapid in cases 
where part of the HA is in direct contact with the oral cavity environment after periimplant osseous 
resorption. Implant bodies with plasma spray software are also coated with hydroxyapatite. Earlier 
and greater bone bonding were demonstrated by highly bioactive and osseoconductive, HA-coated 
implants).  

Although the crystallinity and amorphous material are proprietary variations, the surface layer has 
generally remained similar, with one notable exception. Hydroxyapatite MP-l (Sulzer Calcitek) 
coatings use a pressurized hydrothermic post-plasma spray system that increases the crystalline HA 
content of the material from 77 to 96 percent, with 4% amorphous content of the product. The MP-l 
surface demonstrated considerable reduced solubility over a wide range of pHs, with a declination 
in HA-coated implant popularity in its early history attributable to anecdotal reports of catastrophic 
failure and modes. Proofs to the contrary revitalized clinic use. There remains to be seen further 
development of new techniques for surface coating. The goal of this development is to achieve 
controlled bioresorption of HA after the anticipated faster osseous healing. Both processes will 
eventually bring the implant body and the underlying bone into direct contact19.  

(v) A combination of various surfaces.

The use of 2 or more different surfaces on a single implant body is an interesting recent 
development in surface engineering. The purpose is to enhance the soft tissue response, stability, 
and attachment in a cortical bone with a coronary implant surface machined or etched and to better 
mechanically secure the medullar bone with a tough, TPS or HA surface in the middle to apical 
portion of an implant. Each model involves 4 different surface textures (engraved, stiff-blasted, HA 
or TPS and an etched apical end) on the same implant corpus19.  
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The molecules dissolved in calcificating solution may be adsorbed or incorporated into the forming 
Ca-P coating throughout the covering process. This allows for incorporation of the 
respectivesagent(s) into the coating after processing. The following are a brief overview of studies 
on the Ca-P coating application, including albumin, BMPs, bisphosphonates, antibiotics and 
amelogenines, as carriers of various proteins and therapeutic substances19.  

 

Benefits of the biomimetic method in application of calcium phosphate (Ca-P) covering on medical 
implants with plasma-sprayed hydroxyapatite 

 1. Of implants with a complex shape or porous structure, a conformal coating can be shaped 

 2.Coating for sensitive materials such as plastic implants and tissue engineering scaffolds can be 
added. 

3  In order to achieve the desired Ca-P cycle, a biomimetic system can more be managed than 
plasma scratcher, which can be accomplished by simply changing the calcificating solutions ' 
composition 

 4.The bio-mimetic apatite layer formed by a simulated physiological solution is similar to bone 
minerals and can have a higher capacity to bind than the PSHA layer 

 5.A low-temperature biomimetic coating system allows therapeutic agents, such as osteoinductants 
and antibiotics to be integrated and released sustainably  

6.Biomimetic apatite coating adsorbs far more serum protein and amelogenin as nanoporous 
structure than plasma-sprayed coating19 

 

Thread design 

 The original Branemark screw, which was introduced in 1965, was put into a threaded osteotomy 
using a pattern of V-shaped thread. In 1983, the model was modified as an implant for self-tapping 
in a soft bone at the untreated osteotomy site. The number and angle of cutting threads, a 3 edge 
conical tip and a wider chip chamber were also further developed. However, the basic V thread and 
body for a simpler and more efficient positioning has been changed by other manufacturers. Even 
other manufacturers use a different thread pitch and shallower depth reversed buttress thread for 
improved load distribution20. 

 Although operational success rates over 95 percent have been achieved generally in most bone 
densities, bone density appears to be correlated with subsequent performance following loadings. 
Studies also show a strong impact on the long term maintenance of the Implant-to-Bone interface 
from biomechanically dependent conditions. High stress levels that are not distributed through the 
implant body can easily jeopardize the device20. 

. The design features covering differences in occlusal charges and bone density have been 
investigated recently. Square threads, with a 3 degree thread angle, were suggested that the shear 
force should be decreased by a factor of 10 and the compressive load increased, as bone responded 
to that form of charge distribution more favorably. While conceptual mathematical models predict a 
more practical load distribution layer, the biomechanically improved layout of the implant will be 
subject to controlled clinical trials. The implementation of a rounded thread model that causes 
"osteocompression" for immediate loading was another recent solution. The effect is an 
improvement in the region of surface loading and a uniform distribution of stress. Potential clinical 
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trials are expected before any final results can be obtained. The development of dental implants 
should now include biomechanical theories and principles to further improve clinical 
performance20. 
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Different thread design 

 Astra Tech Fixture ST autocutting screws were originally launched in 1992 to restore a missing 
tooth and are a high quality autocutting implant with threads designed to secure primary fixation 
while enabling the charging forces to be distributed favourably. Six lengths from 9 mm to 19 mm 
and two diameters from 4.5 mm and 5.00 mm are required for Fixture ST. The mount is conical to 
facilitate installation and reduce surgical pressure on the bone and has a special and optimized 
texture of the surface, obtained through a strictly controlled production process called' TiOblast' by 
Astra Tech20. 

3. THE ABUTMENT CONNECTION

Definitive abutment connections can be characterized in many different ways.  

Available are:  

a     One- and 2-piece flat-top. 

b     One- and 2-piece conical shouldered   

c      UCLA-type plastic castable  

d     UCLA machined/plastic cast to cylinders 

e      UCLA gold sleeve castable  

f       One-piece fixed post  

g      Two-piece fixed shoulder 

h      Preangled fixed  

i      Telescopic millable post 

j       Ceramic  

k     Single-tooth direct connection 

l One- and 2-piece overdenture abutments.

The initial connections consisted of sleeves of several lengths that were attached to the implant with 
connecting screws or flat or conical extensions of an I-piece. The original focus was on restoring 
the entirely edentulous mouth involving multiple implants and a transition region via soft tissue, 
which could readily break all root analogs with metal bars secured with smaller prosthesis screws 
(fixed or removable). The resulting renovations looked like a bridge, which was highly functional 
yet esthetically constrained. The increased use of the implants resulted in a wide range of abutment 
links and versatility in order to address the ever increasing range of medical challenges. The early 
transition from an all-edentulous arch to FPD resulted in the creation of 2-piece conical abutments 
that brought the coronal area ever closer to the implant interface and enabled angulation changes2.  
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copings. Castings with round bases are used for multiple implant restoration where 
connection to multiple implants will prevent any possible rotation21. 

              A main consideration with UCLA abutment technique is that the conventional 
titanium transmucosal abutment cylinder is no longer used. Instead of a titanium epithelia 
junction, a porcelain or gold alloy epithelial junction exists as the restoration emerges through 
the soft tissue21. 
 
Disadvantages   

Verifying the fit of the casting to a tranmucosal abutment cylinder supragingivally is much 
easier than verifying the fit of casting directly to implant fixtures at the level of osseous crest. 
The conventional branemark implant component consists of gold alloy screw that serves to 
retain the restoration. This screw is designed to be a weak component of the system. If 
unfavorable forces are placed on the implant, the gold screw breaks before harm comes to the 
abutment or implant fixture. 
           The UCLA abutment restoration however incorporates only 1 screw that connects the 
restoration directly to the implant fixture. The screw is made of titanium alloy and has higher 
mechanical properties than pure titanium. Hence unfavorable forces can damage the implant 
fixture before the screw breaks21. 
Clinical uses:  

a)Limited interocclusal space � by eliminating transmucosal abutment cylinder (TMC), and 
the gold alloy cylinder, especially useful for partially edentulous patients and for fabrication 
of some overdenture tissue bars where it was critical to have a low profile bar. 
b)Better esthetics � as restoration is subgingival with better emergence profile. 
c)Improving angled implants � buccally inclined implants would normally result in a screw 
access hole on the facial surface of the restoration. Manufactured angled abutments may solve 
this problem by compensating for the malalignment. However, it is best to fabricate custom 
telescopic copings. These copings made with the UCLA single tooth pattern so as the 
antirotational can compensate for various angulation problems. The final restoration can be 
connected with lingual screw attachment. 
d)Slight angulation problem may be solved with UCLA abutment without the extensive step 
of fabricating custom telescopic copings21. 
e)-When implant fixtures are placed too close together � conventional abutment cannot be 
seated as they contact each other. The UCLA abutment allows the contours of the restoration 
to be altered to compensate for closeness of the implants. The subgingival portions of the 
restoration can be made narrower than the manufactured abutment cylinders to allow seating 
of the restoration. 
In some patients, a chronic gingival hyperplasia surrounding the titanium abutment cylinder 
has been observed, which is unexplained. The solution to this problem may be achieved with 
the use of UCLA abutment. It allows the emergence of highly glazed porcelain or polished 
gold alloy through the soft tissues, therefore less plaque.21 

              Although a major advancement, the inevitable problem of a screw access channel 
persisted. This was especially problematic with angulation changes. The same direct-
connection concept was extended further to include a machined hexagonal body with a low-
profile shoulder (e.g., CeraOne, Nobel Biocare; and STA, Implant Innovations) that would 
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receive single-unit cemented restorations. This refinement eliminated the esthetically 
compromising abutment screw access channel and the vulnerable porcelain-to-metal occlusal 
interface. Two sophisticated variations of the UCLA concept used to produce custom cast 
abutments are AurAdapt (Nobel Biocare) and Aurabase (Friadent, Irvine, CA). These permit 
replication of natural-tooth cervical profiles and can be used in esthetic areas having limited 
soft tissue height with virtually no facial metal collar.Similarly, machined 1- and 2-piece 
straight and preangled cementable abutments became readily available. The driving forces 
were simplicity and esthetics. Initially rather crude with respect to cervical collar size and 
flare, they have been refined into very user and tissue friendly components that have 
integrated implant prosthodontics into the arena of conventional fixed prosthodontics. The 
full extension of this concept is the 2 -piece cementable straight or angled abutment that 
permits axial correction and shoulder modification to conform to a given clinical situation. 
Refined examples of this design type are the Angled Esthetic Abutment (Steri-Oss) and MH-
6 (Friadent)21.  

 

 
Ceramic abutments  

Additional demand for optimal single-tooth implant esthetics has led to perhaps the most 
exciting development in implant abutment design, the ceramic abutment. The use of a 
ceramic abutment may be considered when an implant-supported single-tooth restoration is 
fabricated in an esthetic zone where the occlusal forces are slight to moderate.22 

            It is preferable to take the impression and prepare a ceramic post after the gingiva 
heals so that the shoulder of the abutment is designed at the correct subgingival height (crown 
cemented onto ceramic post approach). The ceramic post is especially advantageous when the 
mucogingival complex is thin and translucent. The risk of decreased luminosity and greyish 
gingiva shadowing is thus eliminated22. 

 
Three different designs are currently available. CerAdapt (Nobel Biocare) consists 

of an internal hexed high-strength aluminum oxide cylinder that is shaped and prepared with 
diamond tooling and copious water, quite similar to natural-tooth preparation. Ceramic 
behavior, however, is significantly more brittle and technique-sensitive. Specific handling 
requirements must be followed in every detail. The ceramic abutment is directly retained on 
the implant with an abutment screw at 32 Ncm, and an all-ceramic crown can then be 
cemented in place. Clinically, whenever ceramic and metal come into contact, the metal will 
most likely abrade and wear. The same is true for the contact of aluminum oxide with the 
titanium implant body and gold-alloy screws. The most problematic area is the possible 
rounding of the corners of the hexagonal during the fabrication process when seating and 
reseating of the abutment takes place22.  

The Cera One abutment (Nobel Biocare), mentioned previously, has prefabricated 
aluminous oxide caps that are used as a core for the production of an all-ceramic crown. The 
resulting restoration is luted with permanent cement onto the titanium abutment. This 
eliminates any ceramometal abrasion at the screw seat and implant interfaces but requires 
absolute confidence in long-term screw joint stability. Another approach in ceramic abutment 
technology is Cera Base (Friadem), which uses a metal screw seat and platform with a 
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acrylic resin and the formed template is lifted out. The template of the hex is attached to the 
root form half of the abutments with cyanoacrylate cement. The final step is to drill an access 
hole in the center of the abutment. The cast and acrylic resin template are sent to the custom 
solution lab facility23. 

The Procera copy milling machine has 2 co-rotating elements. One hold the template and the 
other titanium block. The template and block are mounted on rotating elements which allow 
simultaneous longitudinal displacement and rotating along their axes. The milling device 
automatically cuts and duplicates the outer surface of the acrylic resin template. Provisional 
restoration is made with previous diagnostic wax up and standard cera-one provisional 
components.23 

 

Fabrication of a digitally scanned, custom shaped abutment.   

Numerous implant systems exist that have the versatility to create a custom implant abutment 
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AurAdapt with gold cast to the machined abutment24.  

              CerAdapt abutment has porcelain added to the machined aluminous oxide 
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titanium are available in varied diameters and heights. Implant abutments are available in 
varied diameters and heights. Implant abutments can be prepared with diamond burs or milled 
to desired shape.Christopher Marchcak describes the use of a digital scanner with CAD/CAM 
technology to create (copy mill) an anatomically shaped abutment. The advantages of using 
Procera copy milling have already been enumerated24.  

The only disadvantage is that the use of titanium abutment necessitates thin gingival tissue, 
therefore esthetics is questionable.Whereas in the previous technique, the custom abutment 
had to be prepared by the dentist before sending to the custom lab facility, in this technique 
the cast that contains the implant analogue is sent to the laboratory. The computer then 
designs an abutment that would be most suitable for the given situation. This is then copy 
milled from a titanium block. 24 

 

Esthetic Option for the Implant-Supported Single-Tooth  

Restoration � Treatment Sequence with a Ceramic Abutment  

A recent application of Computer Assisted Design/Computer Assisted Machining 
(CAD/CAM) technology consists of machining an abutment adapted to each clinical 
situation. This method was first applied to titanium abutments. The initial technique used the 
Procera 3D CAD (3 Dimensions Computer Assisted Design) (Nobel Biocare AB, Göteborg, 
Sweden), a computer program that reproduced the position of the implant and allowed for the 
design of an abutment of ideal shape and tilt. This information was then transmitted to a 
device that machined the final abutment in a titanium cylinder. Another technique consists of 
first waxing an abutment on the master model. The surface of the wax-up is then digitalized 
and the final abutment is machined identically in titanium. 22 

         With advances in dental materials and biomechanics, it is now possible to apply 
CAD/CAM technology to ceramic. Pierre Boudrias,  Élise Shoghikian,  Éric Morin, Paul 
Hutnik describes the use of this type of abutment which is composed of a densely sintered 
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high-purity aluminum oxide. Because of its color, similar to that of natural teeth (~A3 
Vitapan: Vita Zahnfabrik, Bad Säckingen, Germany) and its light transmission properties, the 
reduced luminosity of the gingiva or greyish gingival discoloration sometimes observed with 
metal abutments is avoided24.  

Today, the technique to design a ceramic abutment uses only the Procera 3D CAD computer 
program. The shape of the abutment is transmitted to a machining device that shapes the 
aluminum oxide ceramic at the green (immature) stage to prevent hairline fractures. The 
completed high-density ceramic abutment is obtained after the final sintering. 

The crown restoration may be done 2 ways. When the longitudinal axis of the implant passes 
through the center of the lingual surface of the final crown, a screw retained crown is 
produced by curing the porcelain directly onto the abutment. When the longitudinal axis of 
the implant traverses the incisal edge of the final crown, the abutment is shaped to receive a 
cemented crown.Knode and Sorensen showed that the aluminum oxide abutment had 40% 
less fracture resistance when compared to a prefabricated titanium (CeraOne: Nobel Biocare 
AB, Göteborg, Sweden). This component has been designed primarily for a single-unit 
restoration and a short-span bridge in an esthetic zone where occlusal loads are moderate. 24 

              The use of this ceramic abutment is limited to incisor and premolar restorations. Its 
mechanical resistance is inadequate for molar, canine or incisor replacement when there is an 
overbite superior to 50%. However, when the occlusal forces are light to moderate (minor 
vertical overlap, little or no lateral or protrusive guidance), a single-tooth restoration built 
with a ceramic abutment is acceptable, especially in the anterior maxillary zone where the 
occlusal loads are less significant and the esthetics more important. 22 

             It is possible to machine a ceramic abutment to correct a slight labial tilt of the 
implant. However, a distinctly labial longitudinal axis of the implant (through the labial 
middle 1/3) leads to a severe thinning or elimination of the buccal wall of the access cavity. 
Furthermore, the labial reduction of the abutment to correct its angulation causes a marked 
weakening of its axial walls and of its labio-gingival collar. The angle created between the 
longitudinal axis of the implant and the labial surface of the abutment should be well under 
30º to avoid excessive thinning of the labial surface of the ceramic abutment that may result 
in a cohesive fracture. 22 

These ceramic abutments benefi�	 &��	"��1"�2	���%����.�,	3��%	 �%�	�����-cemented-
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scallop to a subgingival depth of no more than 2 mm. The regular and uniform placement of 
the abutment/crown interface facilitates the removal of excess cement. Conversely, 
prefabricated machined abutments have a circumferential collar and a shoulder at a 
predetermined height, and the subgingival depth . 

               Papavasiliou and others compared the stress produced with the 2 restorative 
methods (crown cemented onto a ceramic abutment and screwretained crown) using 2-
dimensional finite-element analysis. The crown cemented onto a ceramic abutment generated 
a better distribution of occlusal loads and reduced the stress on the thinner portions of the 
abutment22. 
              Prestipino and Ingber recommend a type of cement based on the desired degree of 
reversibility. Temp-Bond type temporary cements (Kerr Manufacturing Company, Romulus, 
United States) offer reversibility. However, these cements offer poor retention and are too 

��



opaque. Adhesive composite resin cements have superior physical properties and do not 
interfere with light transmission22. 
              The aluminum oxide ceramic abutment is contraindicated when its height is less than 
7 mm and the thickness of the axial walls is less than 0.7 mm. The angle formed between the 
labial surface of the abutment and the longitudinal axis of the implant must be less than 30º. 
3��%	�%�	�����������-cemented-onto-abutm����	������%�	�	 ���
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the aluminum oxide ceramic abutment blends better with a crown that presents a gingival 1/3 
with saturated colors. 22 

 
Techniques to Restore Unfavorable Inclined Implants   

An unfavorable inclined implant is a common problem that may compromise esthetics, 
phonetics and function of the implant supported fixed prosthesis. Several methods have been 
reported to compensate for malaligned implants; however most techniques are complicated 
and expensive25. 
Lewis et al described a technique to resolve severe angulation problems where the UCLA 
type abutment was used to fabricate telescopic copings with the final restoration cemented 
over the telescopic retainer. The biggest problem with this procedure was its irretrievability. 

Balshi reported a double casting technique to resolve esthetic complication with unfavourably 
aligned implants. An overcastting was secured to a rigidly fixed substructure with a tube and 
screw system producing a screw retained restoration, which was retrievable. However, it was 
bulky and only suitable for multiunit fixed detachable prosthesis.Standard angulated 
abutments are available from most implant manufactures. These abutments can be used to 
fabricate esthetic screw retained prosthesis. Mc-cartney et al have described a technique to 
modify the angled abutment to maximize esthetics. Recently a technique that uses custom 
fabricated abutment was introduced to correct the angulation of implant. This system 
incorporated a manually milled screw access hole in to the custom abutment for the set screw 
that retains the final prosthesis. 25 

Disadvantage  

Cannot be used for single tooth replacement as the system does not contain an anti rotational 
component.  

It is impossible to transfer the exact position of the initial thread to the implant analogue, 
hence the custom abutment may require over or undertighening to ensure precise seating. 
Advantages  

Inexpensive, uncomplicated technique for creating access holes in virtually any location with 
most desirable angulation.  

Maintenance of a complete retrievability. 25 

               A combined technique has been developed by Marcus Lima that incorporates the 
advantages of the UCLA abutment (plastic bur out pattern) and the just described IMPAC 
custom abutment but eliminated the disadvantages of both systems. 
Technique:  

Final impression is made to make a master cast. Place castable UCLA type hexed plastic 
abutment onto the implant analogue to evaluate angulation. Use surveyor to determine the 
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most favorable path of insertion. Trim the excess length from the UCLA abutment and 
develop a custom wax pattern with a chamfer margin for each abutment to reorient the 
inclination of the abutment along the predetermined path25. 
            Drill a hole at least 3mm deep in each wax pattern accessory kit for the desired 
setscrew location. Place ceramic rods into the access holes. This is then invested and cast in 
type IV gold alloy.Upon divestment, place the custom abutment on the master cast and verify 
path of insertion. Use the IMPAC custom abutment kit to prepare the screw threads in the 
custom abutment. Place the retaining screws in each abutment with a 0.5mm space between 
screw head and abutment surface. Lubricate the abutments and develop a plastic burn out 
pattern.  For the coping create a housing or countersink in the plastic pattern for the head of 
the setscrew that retains the final prosthesis. 25 

 

 

4 CRITICAL LOOK AT THE SCREW MECHANICS  INTERFACE / ABUTMENT 
 

It is necessary to understand why screws are loose, to understand how the torqes can be stable. 
This device is called a screw joint when two pieces are locked together by a screw. The torque 
rises only if external forces are greater than the pressure to separate the pieces. 

 Powers that aim to decommit bits are referred to as combined powers of separation. It can be 
called the clamping force the force holding the pieces together26.  

(1) Maximize the clamping force and (2) minimize joint break forces.  

There are two key factors involved in tightness of implant tissue. Screws are tensioned to 
produce the clamping force larger than the external force that tends to separate the joint in order 
to achieve secure assemblies. In the design of a rigid screw joint, the first clamping force 
produced by tightening the screw is the most important functionally. Fastening pressure more 
than tensile strength of screws influences joint stability. Tightening torque is typically the 
proportion of the clamp load26. 

 Torque is a simple and observable way to create the desired tension. Too small a torque will 
separate and lead to failure or loosening of the screw tiredness. Too big a torque will cause the 
torque to fail or screw threads to be removed. The torque applied generates a force called 
preload in the screw. The initial pressure load on the screw is preload. This tensile pressure on 
the screw creates a compressive force of clamping between the parts. The preload of the screw is 
therefore proportional to the force of the clamping. The following factors decide preload: 

1. Applied torque.   

2. Screw alloy.  

3. Screw head design.   

4. Abutment alloy.   

5. Abutment surface.   

 6 .Lubricant. 6 
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Torque is used for the primary preload determinant. The greater the torque, the greater the preload. 
The torque that can be used is limited by two factors. Both the physical limit of the torque and the 
way the torque is used are limited by the torque. Torques may usually be applied more than those 
with small handles by scrubbers with larger handles. Usually no hand screwdrivers can exceed 20 
Newton cm (N-cm) torque. If larger torques are required, a wrench can be used. With a screw, it is 
practically possible to apply more than 30 N-cm torque. Total preload is formed theoretically 
shortly before a torsional screw fracture takes place26.  

Therefore, a safety margin is developed in order to increase preload and reduce the risk of screw 
fractures during use. Tightening a screw until a torque fails will decide the optimum torque quality, 
75% of which is the maximum torque on the screw. In this way an effective clamping force with a 
minimum risk of screw fracture can be created.. A pre-load is formed if a screw is tightened for a 
crown to an implant. With the tensile force generated within the screw, the implant is compressed to 
the crown. The fact is that restorations with implants are constantly vulnerable to joints. The 
following factors play a role like;26: 

  Excursive contacts.  

. Off-axis centric contacts.  

. Angled abutments.  

. Wide occlusal table.  

.  Interproximal contacts.  

. Cantilever contacts.  

. Nonpassive framework.  

Maximizing joint resistance for close implant screws, major procedures are summarized as follows:  

1.  Implants paralleled to occlusion forces.   

2 Occlusion in a long implant axis that is calibrated to control forces.   

  a. Eliminate connections for posterior function and stability.  

  b. "Centralize" centric "contacts.  

  c. Share anterior guidance with natural teeth.  

3 Antirotational feature engaged for single teeth.  

4. Components tightened with 20 to 30 N-cm of torque (unless specified by manufacturer).  

5. Passively fitting frameworks for multiple unit restorations.  

               In 1992, English published an overview of the then available external hexagonal implants, 
numbering 25 different implants, all having the standard Branemark hex configuration. The external 
hex has since been modified and is now available in heights of 0, 7, 0.9, 1.0, and 1.2 mm and with 
flat-to-flat widths of 2.0, 2.4, 2.7, 3.0, 3.3, and 3.4 mm, depending on the implant platform, the 
available number of hexagonal implants has more than doubled26. 
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5 IMPLANT/ABUTMENT INTERFACE  

The implant/abutment interface connection, by convention, is generally described as an internal or 
external connection. The distinctive factor that separates the 2 types is the presence or absence of a 
geometric feature that extends above the coronal surface of the implant. The connection can be 
further characterized as a slip-fit joint, where a slight space exists between the mating parts and the 
connection is passive, or as a friction-fit joint, where no space exists between the mating 
components and the parts are literally forced together2.  

The mating surfaces are further characterized as being a butt joint, which consists of 2 right-angle 
flat surfaces contacting, or a bevel joint, where the surfaces are angled either internally or 
externally. The joined surfaces may also incorporate a rotational resistance and indexing feature 
and/or lateral stabilizing geometry. This geometry is further described as octagonal, hexagonal, 
cone screw, cone hex, cylinder hex, spline, earn, cam tube, and pin/slot2.  

Currently, there are some 20 different implant/ abutment interface geometric variations available. 
The geometry is important because it is one of the primary determinants of joint strength, joint 
stability, and locational and rotational stability. It is critical and synonymous with prosthetic 
stability. With few exceptions, most of the long-term clinical data on performance reported in the 
literature involve the external hexagonal. This is primarily the result of its extensive use, the broad 
number of prescribed clinical applications, the level of complications reported, and the resultant 
efforts to find solutions2.  

In its original context of utilization, the hexagonal was used to restore the completely edentulous 
arch. All the implants were joined together with a rigid metal superstructure, and the external 
hexagonal and simple butt and bevel joints performed quite well. Long-term stability simply 
required an accurately fitting framework and adherence to basic mechanical principles. In more 
complexes, in-line, partially edentulous, and single-tooth applications, the interface and its 
connecting screw are exposed to more rigorous load applications. The retaining screw is no longer 
shielded from stress and is subject to lateral bending loads, tipping, and elongation, which result in 
joint opening and screw loosening. Short, narrow external geometry is particularly vulnerable 
because of the limited engagement of its external member and the presence of a short fulcrum point 
(small platform) when tipping forces are applied2. 

            This deficiency was originally noted by Branemark, who recommended that the external hex 
connection be a minimum of 1.2 mm in height to provide both lateral and rotational stability, 
particularly in single tooth applications. The original 0.7-mm design and its countless clones, 
however, remained unchanged until recently, when wider and taller hexagonals were introduced. 
Hexagonal screw joint complications, consisting primarily of screw loosening; the consequences of 
maintaining an unstable geometry in practice can be significant. A 22-month follow-up on external 
hex implant prosthesis in a private prosthodontic practice reported the incidence of loose screws in 
fixed and removable prostheses at 27% and 32%, respectively2 

During the past 10 years, all major manufacturers have recommended specific torque application to 
abutment screws and sell system-specific torque wrenches. Although controlled torque application 
and altered screw designs have significantly improved performance, they have not eliminated the 
joint problem entirely. Haas et al reported on 76 single hex implant/abutment interfaces with high 
torque and improved screw configuration and observed 16% loose screws during a mean 
observation time of 22.8 months. In a 5-year follow-up report, the same authors reported a 9% 
occurrence of abutment screw loosening during the last 3 years. Subsequent modification of hex 
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two stabilizers has led to a solid, reliable and foreseeable connection. Conical links need precise 
machining and tolerances, which are consistent and excellent for this manufacturer. There are 
basically two separate abutments: the initial "octa" shortened abutment with machined cast-to-
coping which uses existing implant bevels for screw strengthening, while a straight post for 
cemented FPD applications can be adjusted.  There is no antirotational feature in the joint structure, 
and the application of the proper tightening torque and the friction resistance of its tapered walls is 
most important. The long wall mount supports the screw and increases the screw resistance. There 
are however instances of screw looseing in certain medical studies. A survey of 174 implants in a 
multi-center study reported that 8,7% of prothetic and 3,7% of the cone shafts were loose at 6 
months.  

 Astra Tech is available with a similar cone screw connection with a 11 degree taper. It does not 
connect the existing belt to the implant and offers different length extensions with a 20 ° and 45 ° 
conical face. The abutment configuration is different. The original 11 degree cone design was based 
entirely on the resistance of the screw and friction. This geometry has been adapted for single-
implant applications into a 2-piece abuts with anti-rotation hex at the tip of the cone (ST, Astra 
Tech). A screw is fixed to the abutment in the implant. The long conveyed wall mount provides 
excellent lateral load resistance, some resistance to friction and a stable interface shield. Mechanical 
test values are excellent and medical results are very reliable.  The conical joint is nearly 60 percent 
stronger in terms of stiffness characteristics between the conical and outer hexagonal joint. There is 
conflicting evidence of the cone screw which requires a loose torque higher than the torque 
originally applied. Sutter et al. registered a loosening torque greater than the original tightening 
torque needed for ITI connections (124%)2. 

 Other tests have shown that the loosened torque is 80 percent to 85 percent of the original 
tightening torque for both 8-degree and 11-degree connections (Unpublished data, 1997). This basic 
concept has grown into a number of specific interfaces. The initial offer is a slippery reference, 
close to the inner octogonal, with the male hex extending from the abutment. The vertical height of 
the repair platform was reduced successfully and the sitting components were facilitated. Following 
changes from one supplier, the result was a longer hex with a 1 degree friction-fitting taper 
(ScrewVent TL, Paragon Implant Co). 

 In the narrow (3.5-mm) configuration, in conjunction with insufficient treatment preparation and 
overload, the inner leads obtained by the male hex, a small implant wall, and the press-fit seat 
interference may result in a fracture in the wall.  A horizontal shelf sits directly below the plumb in 
the 4.5 and 5.7 mm bodies underneath the plumbing. This has enhanced strength and fatigue 
resistance together with increased wall thickness.  The slip fit hex interface is a special interior 
design that stretches up to 5 mm (Frialit-l and Friadent) in the implant body. On the abutment link, 
the hexagonal interposes the top to the bottom cylinders. The hex offers 60-degree indexing and 
rotational resistance. The cylinders have great lateral stability, joint opening resistance, anchor 
safety and very high strength values. If the joint fails, the implant remains intact and only the 
abutment fails. The gui is also very touchy and almost sits down on the edges. The interface has a 
circumferences to allow the bacterial penetration of the joints (Hermeseal, Friadent), to be 
minimized effectively by a silicone joint. Mechanical tests show good strength, minimal rotation, 
superior stability of the screw and loosening resistance and excellent tolerances for machining. 
There's a wide range of abutments and they're incredibly easy to sit. The manufacturer is scheduled 
to release a narrow platform (3.3-mm or 3.5-mm) this year, available on 3.8-mm, 4.5-mm, 5.S-mm, 
and 6.50-rum platforms2. 
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Two modern, concept-like but very different internal models have entered the market. Replace 
Select is a profound cam tube system incorporated into an existing body layout that is growing. The 
long tube insert gives excellent lateral stability and the cams are comfortable to sit and index. The 
second entry is a cylinder cam which was available in Europe for short periods, called Camlog 
(Altatec Biotechnologies, Irvine, CA). It is also fitted with a deep cylinders which are 60% stronger 
than existing hex models on the internal walls of the implant. Three projections of lateral cam 
include indexation and anti-rotation. The implant body of Camlog is a hybrid tube, with 6 wide 
threads on top of 1/3 of its surface. No information from the manufacturer or literature is available 
on either model at present. A true Morse tapered implant interface communication without a 
threaded part is possible (Bicon, Boston, etc.). The abutment is tapered 1-2 degree to fit into a 
smooth mirror-image shaft in the implant. The pillar is positioned on the long implant axis with a 
sharp blast. To ensure the friction match and provide optimum resistance to dislodgment it requires 
a dry, clean stall post and an implant shaft. The exact abutment position cannot be transferred with 
consistence and repeatability without any indexing function. Intraoral adjustment of the straight and 
angled abutments is complicated in complex multi-implant FPD applications2.  

For the intact abutment, the manufacturer's preferred removal approach is to twist and turn with 
forceps. Therefore, it can be difficult to remove a fracturing abutment post and retrofit a new 
abument. Although the attachment has shown durability, it lacks versatility from a restorative 
perspective. The general emphasis is obviously on profound internal joints, where the screw is 
loaded or unloaded and provides intimate contact with the implant walls to endure micromotion, 
resulting in a strong stable interface. In order to avoid joint failure, it is necessary to comply with 
unique medical and mechanical criteria. The resistance they provide to joint separation forces is a 
potential advantage of the anti-rotational characteristic used with dental implants. Applied strength 
may clarify the partial solution given by these instruments if vertical walls are linked between the 
hexagon and the crown. This event also explains why shorter hexes will break some screws under 
heavy loads. If fit is right and the occlusion is appropriately calibrated, further medical gain should 
be a longer and closer presence of features. One of the best strategies of screw loosening is to 
maintain the tightness of the twins. The clinician for novices sometimes underestimates the aspect 
of the implant. Yes, using a counter-torque method is the best way to apply higher intraoral torque 
values. The total strength of the bone interface should be zero, if the countertorque is added to the 
abutment when the screw is tightened. Torque levels are currently expected to deliver substantial 
preloads in the 20-30 N-cm range without risk for the bone interface2.  

 

ABUTMENT SCREW DESIGN: 

 Material, shank size, numbers of threads, diameters, weights, thread sizes and torque applications 
have also modified the abutment-retaining screw (data not released, 1998). Completely new 
interface coupling geometries of second and third generation were also implemented in the implant 
environment to address intrinsic hexagonal shortcomings. A number of new implant body forms, 
diameters, thread patterns and surface topography were added alongside the evolution of the 
coupling geometry.  The abutment screw has developed in order to maximize preload and mitigate 
the loss of the input torque in frictions to address additional problems with joint instability. It 
currently has a pan (flat) head table, long stem length and 6 long lengths of thread. The increased 
length of the stem tends to achieve maximum extension and the shorter lengths of the thread reduce 
friction. A greater preload is obtained if less torque is lost to friction and heat2.  
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         Implant for a cemented angled or straight abutment attached to the abutment with a straight 
screw.  

       Acid is painted on the surface.  

Microvent-made of hydroxyapatite coated titanium alloy with a length and width of 3,25 mm, 7 
mm, 10 mm, 13 mm and 16 mm, with a central hole in hex thread for the connecting of a threaded 
pad or a hex hole for a cemento link. It comprises parallel pins, 3 apical threads, with vertical anti 
rotational opening. Collar 0.25 mm is broader than the core vent and the fluted body only 
withstands the same load. The vent system is the core vent28.  

 

 

SWEED�Wind Implant�Nobel drug direct copy but the surface is acid etched. These are sold in 
lengths of 3.75, diameter of 4mm and 7,10,13,15, and 18 mm.  

 

Biovent�the corevent's latest addition. Form and similar in nature to the Interpore or Calcitek 
Integral Hydroxyopatite Coated IMZ Implant. This implant system is fitted with vertical anti-
rotational slots and an apical loop and apex depression to ensure complete implant location and 
rigid integration in the presence of horizontal forces. For Biovent, all core vent abutments can be 
used28.  

 

Sub-vent�The implant is a frame or blade type, with widths of 1.2 mm & 2.4 mm & 26 mm 
lengths. 34 mm and every 14 mm height. Two abutments, tapered titanium abutment for modern 
FPD and a castable plastic surface for a fixed flexible prothesis are used to be bendable posts28.  

The strong vent or Microcvent implant is indicated in the following conditions over the hollow 
cylinder core vent implant 

 1.Due to smaller dimensions, it is possible to put the mesio distal length in the resorbed ridge or in 
situations where the max lateral incisor is restricted or removed.  

2.The lower lumbar tube, maxillary sinus or nares may be filled with fibrous tissue as a bone when 
perforated by core vent implant. Used as a solid pin, the penetration can be dressed and the implant 
body can grow bones28.  

 

Prosthetic Applications  

This system offers 12 threaded and10 cemented prosthetic abutments options to achieve the 
esthetic and functional goals of restorative dentistry. It may be designed with hex holes for 
threading of implants, with hex portion extending full length of the hole to accept cemented 
abutments or with internal threading below 2mm of a hex hole to accept both cemented and 
threaded abutment28.  
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Fixed prosthesis 

4 abutments for fixed prosthetic application having tapered and straight emergence profiles 
with narrow neck, allowing extension of the margin of restoration subgingivally, if necessary. 
two of the abutments are designed for cementation.  

Plastic coping insert made from, castable acrylic can be modified either directly in the mouth 
or indirectly by a transfer system of analog on working cast. The custom cast post can be 
fabricated in semiprecious alloy or type IV gold alloy.  

Titanium coping insert provides 4O of taper on 3 sides and 9O of taper on the fourth side. It is 
used when implant is placed in almost perfect angulation compared to adjacent abutment.  

Titanium threaded insert, connects to a threaded implant and hence cannot be bent. Used for 

retention of fixed � detachable prosthesis with a fixation screw.  

Rudd in a study stated high degree of frame accuracy can be more difficult to achieve 
when a single fixed prosthesis uses different root form implant systems. He states the use of 
semiprecision attachment or modified abutment system and one piece frame design as 
possible solutions28. 

Fixed � detachable prosthesis 

4 Different attachments in this system are available; these attachments can be used with 
internally threaded implants for support of fixed bridges retained by fixation screws. If 
angulation is not within 7O on all inserts framework can be fabricated wrest on top of the 
inserts with screw being placed independently, eliminating the concern of parallelism. The 
titanium screw insert denture and titanium straight inserts have a straight walled head on a 
bendable, cemented or thread post. The insert can be bent slightly to prevent encroachment of 
soft tissue and can be splinted with a over denture bar28. 

Complete � edentulous prosthetic option 

A fixed prosthesis similar to a 12 unit conventional FPD can be fabricated. A fixed hybrid 
prosthesis, which is a combination of acrylic teeth and metal framework may be cantilevered 
off anterior implants or connected to anterior and posterior root or blade forms. An implant-
supported overdenture retained by attachments can also be done28.  

The Steri � Oss implant system 
This system by Denar corporation incorporates 2 stage screw shaped implant made of 99.5% 
commercially pure titanium. Versatility of 5 types of prosthetic attachment allows for 
flexibility in treatment planning.     

These implants are available is 3 diameters which are color coded. 3.8mm mini series. Color 
coded � white has 2mm long straight polished neck and is available in lengths of 8mm, 10mm 
& 12mm indicated when bone height is limited. 3.5mm series (red) and 4.0mm (blue) have 
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4.5mm long tapered neck, with uppermost 2mm polished available in 3 lengths, 12mm, 
16mm & 20mm used when uneven ridge shape will cause a portion of neck to be exposed29.  

 

Implant has 3 different areas  

1 Highly polished neck to enable long term maintenance of soft tissue around the 

implant. Tight fit prevents the invasion of soft tissue during healing phase, also as internal 

threads to accept a wide range of prosthetic attachments.  

2 Screw shaped body � immediately rigid fixation in to the bone is provided by this 

part. Thread design distributes vertical occlusal loads uniformly throughout the bone while 

maximizing the volume of bone between the threads. Acid etching produces extremely clean 

uniformly textured surface for better integration.    

3 Self threading implant tip allows for implant to be screwed in to soft bone like 

maxillae without tapping.   

 

 

Prosthetic Attachments  

4mm tissue abutment is used as an extension of implant through the soft tissue which accept 
both threaded and cemented restorations. Adjustments of 2mm in abutment length can be 
achieved by combining the different � length abutment with the tissue abutment. For example 
3mm �o ring attachment is used for tissue thickness of up to 2mm. 1mm � o ring attachment 
may be combined with tissue abutment to a accommodate tissue up to 4mm29.   

 
Transfer pins are used to transfer implant location from mouth to the cast. Coronal screws are 
available in 5.5mm & 12mm lengths for construction of tissue bars for overdentures, full arch 
fixed removable bridge work. Each screw is with a matching plastic sleeve used as a burnout 
pattern and incorporated in to the wax up of the prosthetic superstructure, the sleeves mate to 
the tissue abutment or implants with flat surface, therefore nonparallel implants may be 
restored without correcting path of insertion29.   

Telescopic abutments  

Available in 5.5mm & 7.5mm length. Each come with a transfer coping, plastic laboratory 
coping and coping screw abutments are available in 18 degree taper. These are used as distal 
abutment and for short span fixed removable bridges29.           

Fixed abutments  

7mm & 9mm screw in tapered abutment with 5 degree taper. 7mm straight cementin, 15 & 20 
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Surgical kit � internally irrigated titanium nitride coated surgical burs. Anterior pilot drills � 
12mm, 14mm, 16mm & 20mm. Posterior pilot drills 8mm, 10mm & 12mm with 2mm 
diameters sizing drills.  

��



                  3.8mm series. Anterior drills 12mm 14mm & 16mm. Posterior drills 8mm, 10mm 
& 12mm. 3.5mm & 4.0mm series � Anterior drills 12mm, 14mm & 20mm. Posterior drills 12 
& 16mm. Counter bores, thread formers, for 3.8 series of implant length 12mm, 14mm & 
16mm & posterior thread formers of 8mm, 10mm & 12mm for 3.5 & 4.0mm series. Anterior 
thread formers for implant length 12mm, 16mm & 20mm & posterior thread formers for 
implant length 12mm &16mm length29.   

 

THE ITI IMPLANT SYSTEM 

 

In 1974, the ITI implant system was formed as an international implantologist team which consisted 
of dentists, bioengineers, histologists and dental scientists. On insertion and promotion of the bone 
implant system, they use the principle of primary initial stability30.  

By sprayed ITI-Titanium plasma screw two separate implant systems were created.  

           Titanium plasma sprayed screw.  

-Titanium plasma sprayed hollow � Cylinder implants.  

 

 

Titanium screw sprayed plasma 

 It was developed together with Philip Lederman and Strauman. Titanium screwed plasma Initially 
used for treating edentulous mandible, which is now used to treat one tooth replacements, bridge 
abutments made of commercially pure Titanium and Titanium pulverized plasma that increases the 
contact of the region with 6 folds. 5 lengths available in 9 mm, 11 mm, 14 mm, 17 mm and 20 mm 
and 3.5 mm and 4.2 mm. 12-degree conical head with four slots to avoid prothesis rotation and 
support implant seating. The head is also threaded internally with 5 mm deep bowels which allow 
the super structure to be removed by anchoring 4 or 8 mm long 2 mm wide occlusal screws. Below 
the head is a slightly concave, highly polished chest, which ensures good oral hygiene. The 
remainder of the piece is coated with plasma. In order to allow the self-stopping of threaded 
implants, Apical HP is fluted to 1200.The value of the chemical performance of implant surfaces 
has been stated by Per-olofGlantz. The material properties of alloplastic materials affect implant 
retention and stability and thus allow osseointegration to be achieved30. 

  

Prosthetic Technique 

Transfer coping of prosthetic technique is positioned over the heads of an implant. Impression and 
transfer copings are created and removed. In the copings, the master die is inserted and sealed with 
sticky wax. The Master Model is poured8 the implant heads are reproduced exactly with gold 
telescopic coatings. A set of rods are welded to every gold coping, whether pre-made or casted, 
securing the whole structure rigidly. This connector bar is then inserted into the implants and sealed 
using an occlusal screw within 48-72 hours30.               
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ITI hollow cylinders  

Hollow, geometric, titanium plasma sprayed surface are developed of which 3 shapes have 
evolved F K & H.  

 Implant   Site                      Indication            Contraindication  

 F          Max or Mandible   Single tooth replaces & fixed        Inadequate bone   

                                                    bridge prosthes                                      width  

H          Maxillae or         Narrow alveolar ridge, fixed             - -  - -   - -   - -   
             Mandible   removable prosthesis   

K          Maxillae or    Single tooth replacement              - -  - -    - -    -   

             Mandible   Abutment for fixed or removable   
                                                    prosthesis  

 

 

 

 

 

Implant dimensions   

 

  Diameter                                        Length  

 

 F            3.5mm, 4.8mm                        7.0mm,9.0mm,11.0mm,15.0mm,17.0mm.  

  

  H           3.0mm wide 5.0mm long                   3.0 head 4.0, 5.5 neck 5.5 body.   

 

  K           4.0mm wide 10.0mm long                  3.0 head 4.0, 5.5 neck 5.5 body.   

 

Lennart Mollersten studied the mechanical weakness of 7 implant systems. He stated deep 
joints in implants favoured resistance to bending moments in contact to shallow joints. In 
construction of implant systems joints depth should be taken in to cosideration30.  
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The Mini � Dental Implants  
Mini dental implants are ultra � small diameter (1.8min width) biocompatible titanium alloy 
implant screw. It was designed by victor I. Sendax.   

           Donna L. Dixon studied the micro movement and torque needed to loosen abutment 
screws of minimatic, spectra system, calcitec implant system. The amount of torque needed to 
loosen abutment screw before and after testing was recorded and compared. The results 
indicated no difference between straight and angled abutments31.   

 

Presently IMTEC Corporation has started IMTEC Sendax MDI (mini dental implant) 

Implants are available in 4lengths 10mm, 13mm, 15mm & 18mm and MDI MAX in 10mm, 
13mm & 15mm length. MDI MAX differs from standard one in that it has different thread 
design that enables the implant to bite in to softer bone & hence used in-patients with low 
bone density.   

               These implants are so narrow that they are inserted directly through the overlying 
gum tissue and in to the bone underneath. Hence, the need to surgically cut & flap open the 
gum tissue, routinely required for standard implant systems is avoided inmost MDI system. 
Due to this post insertion patient irritation & soreness is significantly reduced & there is 
increased margin of safety on encroaching vulnerable nerve, sinus or bony structure.  

                After single minimally invasive surgery, they can put into immediate biting or 
loading function due to self tapping design. These implants are indicated in resorbed 
mandible. Where in 2 � 4 mini implants are screwed into front of lower jaw between mental 
formina. The mini implants, which are approximately the size of toothpicks, are placed about 
4mm apart. Because of unique, minimally invasive procedure, minute size of implants, 
characteristic placement area, immediate loading property, allows the patient to enjoy a light 
meal within an hour time form having the mini implants placed32.  

          Steven E. Eckert studied 1170 implants placed in 4 anatomic locations anterior maxilla, 
posterior maxilla, anterior mandible and posterior mandible. They stated implant survival was 
independent of anatomic location of implants. Performance factor for all implants improved 
by design changes in implant restorative component.  

                    Mini dental implants clearly represent an enormous break through for the dental 
implant specialty as the most patient friendly, cost effective, proven implant system available 
today32.   

 

The Laminoss � Immediate � Load Implants,The Laminoss implant system  
The Laminoss sinusoidal thread design, together with its surgical technique provides an 
increase in bone lamination and volume for support as an immediate functioning implant. The 
increase of implant load bearing area (LBA) horizontal plane and controlled surgical osseous 
lamination technique excites bone cells by the action of osteocompression around the 
sinusoid implant threads. This implant system works on principle of force equilibrium and the 
relationship between implant design and bone33.     
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  Biomechanically bone is reported to be 65% weaker when tested under shear versus 
compressive loading. The need for multiple implant designs capable of supporting the range 
of forces generated in these different occlusal forces to bone density regions of the jaw 
supplied the determining guidelines for implant design. Improving the implant design by 
increasing the implants load bearing area (LBA) as the primary functional mechanism to 
osteocompression. Support in the bone has been proposed as the primary factor in immediate 
load implant success under compression strain � related potentials are produced by 
piezoelectricity. These electric potential excites bone cells and influences the regenerative 
osseous capacity and induces these cells to deposit extracellular matrix if ideal magnitudes of 
force and direction is applied. Strain � related potentials are more specifically related to 
streaming potentials. Streaming potentials of osseous compression with in physiology limits 
generate extracellular fluid to flow over positively charged cell surfaces of osteoblasts. This 
creates a streaming electrochemical potential that stimulates osteogenesis33.  

Controlling force transfer to the osseous tissue through implant design is 
imperative, since bone and metal have dissimilar moduli of elasticity different mechanical 
properties and their interfacial relationship is devoid of physiologic attachment mechanism. 
Therefore, the magnitude of force to bone architecture can be in equilibrium through an 
implant design having increased horizontal planes of support (LBA) that are equal in 
magnitude, opposite in direction and colinear in nature33.  

Laminoss immediate load implants load bearing areas and total surface areas.  

For dense bone 

Implant length   9.0mm  11.0mm  

3.3mm implant diameter 

13.0mm  15.0mm 

Load bearing area      57.2 69.5  81.7  94.0 

Total surface area  105.2  129.7 1 54.2  178.8  
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   For spongy bone  
 

4.0mm implant diameter  

 

    

Load bearing area   

 

68.0   82.2   96.4   110.6  

Total surface area   122.0   150.5   178.9   207.4  
 

The areas of an implants surface capable of providing maximum bone support and 
stimulation are the horizontal compressive plates and not the vertical implant interface under 
shear force. If horizontal planes of implants geometry are not significant enough to sustain 
the forces generated in a specific bone region, a fibro � osseous condition may occur.The 
minor diameter of all sinusoidal functional profile thread design is approximately 2.5mm, 
including implant neck, which will not compromise vascularity. The outer diameter of the 
aggressive thread designed for spongy bone is 4mm. The diameter of less aggressive thread is 
3.3mm with a thread pitch of 1.3mm for denser bone. A 3.3.mm implant with an aggressive 
thread pitch of 2mm is provided for narrow ridge with spongy architecture33.  

                All threads are designed for maximum LBA to sustain muscular forces by the 
elevator muscle and maintain equilibrium on a long term basis. It is recommended that the 
laminoss implants be selected for a specific region of the jaw based on occlusal force to bone 
density classification by 3 factors like region of bone density. Force magnitude and implant 
LBA to attain equilibrium33.   

               William M. Locante studied sinusoidal design has several advantages over 
traditional implants which simpiplified surgical procedure, significant decrease in treatment 
time, minimal implant emerging crestally etc. Final position of soft tissue can be determined 
with greater tissue reattachment33.  

 

 

Laminoss implant selection guide based on load bearing and occlusal force to bone density 
classification.  

Implant length           Force to                Implant placement           Implant Load   

 (mm)             bone region                                     bearing area(mm2)   

 

   9                                     FB1                    anterior                            57-68  

 
11                                  FB2                   U&L bicuspids   

 

           69-82  

13                                  FB3                    lower molars   

 

           82-96  
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14                                 FB4                    upper molars              94-110 
 

FB1 indicates ideal bone formation for implants.  

 

FB2, FB3& FB4 indicate a decrease in bone quality.   

 

Surgical procedure  

Following flap elevation pilot drill used for making purchase point over the implant site. 
Then 2mm depth drill is used to establish trajectory and depth. The finishing drill (2.5mm) in 
then taken to the appropriate depth, 1mm deeper crestally than the implant thread. Sharp 
edges and turning action of tap (50rpm) scores the bone, followed by osteocompressison by 
the flat surface of the tap. Primary tap is used in osetopenic bone, which ensures minimal 
bone removal and compact the bone laterally33.   

                   Tapping can be eliminated in maxillary bone; implant is equipped with a passive 
pilot cutting thread and hence can be placed in untapped site. For dense bone secondary tap is 
provided to widen the osseous thread areas laterally, followed by immediate placement of 
implant. Since bone is viscoelastic, bone may move towards the center of its 
osteocompressison after compaction and make insertion of implant difficult. The insertion of 
implant to its final depth, 1mm below the ridge will accomplish the final threading of the 
osteotomy, creating maximum three dimensional bone engagements. Use of ratchet to 
manually deliver the last two implant thread will permit solid bone to implant contact with in 
the osteotomy33.  

Nobel Pharma Implant System  
The Branemark system has been well received throughout the world. The branemark system 
has become a major influence in the field of implantology by the introduction of Nobel 
pharma implant system. The history of this system can be divided in to three stages: the early 
stage (1965-1968), the developmental stage (1968-1971), and production stage (1971- 
present). $%�	������	��	���	��������	��.����	����������	���	������.	�9�������6�	�%��	���	

established in early 197134.  

 

The components for first stage surgery include the following.  

 

1. Stainless steel instruments.  

a. Organizer  

b. Dissector: Instrument used to mark the proposed implant site. Also to detect location, 

position and angulation of nerve canals.  
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c. Screw drivers: Available in three sizes. The short one is used to tighten and loosen the 

cover screw. Hexagonal screw driver is used to place hexagonal cover screw screw. The 

long one is used along with open wrench for placing fixture mounts on to  

fixtures.  

d. Open ended wrench: It is used to help place and remove fixture mounts on fixtures in 

conjunction with long screw driver.  

e. Connection to handpiece.  

f. Screw driver to contra angle.  

g. Cylinder wrench: The wrench fits on top of the fixture mount and used to tighten the 

fixture after placement.  

h. Guide drills: There are 4 types of drills available  

1. Guide drill; Round shaped which is used to mark the fixture site by making initial     

entry in to the cortical bone.  

2. Twist drill; the drill has a 2.0 mm diameter, available in three lengths 7.0-

10.0mm, 7.0-15.0mm & 13.0-20.0mm. Each drill has lines on the surface to 

indicate depth  of prepared site.  

3. Pilot drill; this drill is used after 2.0mm twist drill. It is used to enlarge the fixture             

site from 2.0mm to 3.0mm.  

4. Twist drill; these drill is used after pilot drill. The 3.0mm diameter drill is               

available in three lengths 7.0-10mm, 7.0-15mm, 13.0-20mm. They are used to                

enlarge the fixture site.  

5. Counter drill; this drill is used for self tapping fixture, only. It available in two            

configurations standard type and conical type for standard self tapping and 

conical self tapping respectively.  

6. Counter sink; Used after the twist drill to enlarge the coronal portion of the fixture              

site. By counter sinking, the fixture and cover screw are positioned level with the              

crestal bone level.  
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Wang in a study by finite element analysis stated that one piece implant implant unit showed 
greater stress distribution at bone implant interface than multi unit implant system34.    

Titanium Instruments  

1. Organiser  

2. Fixtures; Two fixture diameters are available, 3.75mm & 4.0mm. The 3.75mm 

diameter fixture has six different lengths 7.0, 10.0, 13.0, 15.0, 18.0 & 20.0mm. The 

4.0mm diameter fixture has five different lengths available 7.0, 10.0, 13.0, 15.0 & 

18.0mm. The 7.0mm fixture does not have transverse holes in the apical end. For 

primary fixation in low density bone, two types of self tapping fixtures are available 

in 3.75mm width and 10.0, 13.0, 15.0, & 18.0mm lengths.  

3. Fixture mount; It is used in placement of individual fixtures.  

4. Screw tap; Used to create threads in to the walls of fixture site. 4 different lengths of 

screw tap are available, 7.0-10.0mm, 7.0-13.0mm, 7.0-18.0mm, 7.0-20.0mm..  

5. Cleaning needle.  

6. Direction indicator; Double ended instrument to check the parallelism during 

drilling procedure.  

7. Direction indicator for fixture; The direction indicator of fixture is placed over the 

fixture after fixture placement to check parallelism.  

8. Titanium bowl.  
9. Depth gauge; The graduated end is used to measure the depth of fixture site with 

lines indicating 7.0,10.0,13.0,15.0,18.0 &20.0mm.The opposite end is used to 

measure the distance between adjacent fixture site.  

10. Forceps.   

11. Cover screw; Two types of cover screw are available, flat type for maxilla and 

round type for mandible.  

Steven E. Eckert evaluated the clinical performance of implant systems certified by the ADA 
and found no difference in the survival of different implant systems. 5 year survival rates 
easily exceeded the minimum recommended by the ADA34.  
 

Instruments for second stage surgery include.  

Stainless steel instruments.  

1. Punch blade; Used to remove the soft tissue surrounding the fixtures. It is designed as a       

spring loaded instrument with blunt needle and cylindrical blade. The needle is placed      
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over the cover screw center hole and the cylindrical blade is pressed and rotated in to the       

soft tissue.  

2. Cover screw mill; It is used to remove the excess bone growth over the cover screw. It is     

a spring loaded instrument with a blunt needle and sharp milling blade. The needle is       

placed in to the cover screw hole; activate milling by pushing on the spring and rotating     

the blades around the cover screw.  

3. Short screw driver; Used to tighten the cover screw.  

4. Long screw driver; Used to loosen the cover screw during the second stage surgery.  

5. Hexagonal screw driver; Used to tighten or loosen healing caps on to abutments.  

6. Hexagonal screw driver, long (inner hexagon); Used to tighten or loosen healing caps on to 

the abutments.  

7. Hexagonal screw driver ( outer hexagon); Used to place or remove the hexagonal cover 

screw on to the fixture.  

8. Gauge; Used to measure the depth from the head of the fixture to the gingival margin.  

9. Abutment clamp; Used to hold the abutment and rotate it on to the hexagonal nut located 

on the head of the fixture.  

Robert Hass conducted a study on branemark single tooth implants. The common 
complication occurred was screw loosening. Acceptable implant function was noted clinically 
and radiographically. This encouraged the use of implants for single tooth replacements35.  

 

Titanium Instruments.  

1. Forceps; There are of two types. Titanium tipped stainless steel instrument and other 

made entirely of titanium.  

2. Titanium bowl.  

3. Abutment; It is made of titanium and available in 3.0, 4.0, 5.5, 7.0, 8.5, & 10.0mm 

length. Each abutment cylinder size has a corresponding abutment screw for use with 

that particular size.  

4. Healing cap; It is a plastic cap that fits in to the threads of the abutment screw.                      

Merle compared the geometric forms of five interchangeable implant prosthetic 

retaining screw. The results revealed significant changes between the systems. It was 

concluded that by interchanging the components can introduce unknown variables in 

treating the patients35.  
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Surgical procedure  

The incision line is marked using the dissector and is marked 10mm away from crestal ridge 
region. Make the surgical incision with no. 15 blade and cut through the mucosal tissue. The 
periosteum is cut carefully 5.0mm below the crestal ridge. Expose the alveolar crest using 
dissector. Remove adequate crestal bone to create an adequate width and check the fixture 
length prior to insertion. Use pilot and twist drills to create the fixture site. Use counter sink 
once fixture site is enlarged to 3.0 or 3.15mm35.  

All the above procedures are done at a speed of 2000 rpm. Next tapping of fixture site is done 
using screw tap attached to the hand piece. Do not apply pressure during threading and 
continue irrigating the site. When threading is completed to the desired depth, remove the 
screw tap by activating the reverse button on the control unit. Fixture mount attached to the 
fixture in hand piece is brought near the surgical site. The fixture is installed without 
irrigation until the horizontal hole of fixture has threaded in to the site. Use cylinder wrench if 
resistance is encountered35.  

After complete insertion of fixture remove the fixture mount. Position the cover screw on to 
the fixture and use low speed hand piece to engage the threads. Final cover screw tightening 
is performed manually. Flaps are sutured with 3/0 nylon suture material using interrupted 
vertical matters suture to achieve primary closure35.  

               In second stage surgical procedure, first surgical incision is made 5mm in length to 
locate the center of cover screw. Punch blade needle is inserted in to the cover screw center 
hole, pushed apically, and rotated to cut tissue circumferentially. Use screw driver to remove 
the cover screw. Depth gauge is used to measure the depth of tissue between the fixture head 
and gingival margin. In maxilla, the abutment selected may be 1mm above or at the level of 
gingival margin. In mandible abutment should be one to two millimeter higher than the 
gingival margin. After this healing cap is placed over the abutment and the site is packed with 
surgical pack and sutured35.  

 

Prosthetic procedures  

After 3-4 months of healing, impression copings are used to obtain impression of implant 
location. The impression can be obtained by open method or closed method. Following which 
implant analog is placed over the impression copings and cast is poured. Over this implant 
analogs abutment analogs are placed over which wax pattern is made which is casted. This 
restoration is either cemented or threaded over the implant35.   

               Ban Fui Tan studied the critical bending moment of implant abutment screw joint 
interfacesof various implant systems and stated no difference between various implant 
systems, implant diameter, and torque levels. The torque level mentioned by the manufacturer 
should be followed35 .   

 

 

��



The Ankylos Implant system  
This implant system is a product of Dentsply, Friadent, which is a endosseous root form 
implant made of commercially pure grade 2 titanium. The implants are available in various 
lengths and diameters. For ease of identification the system is color coded by diameter 3.5 
mm , Red, 4.5mm yellow, 5.5mm blue and7.0mm green36.  

 
This implant is indicated for surgical placement in the upper or lower jaw to provide a root 
form means for single or multiple unit prosthetic appliance attachment. These can be placed 
with a conventional 2 stage surgical process with an option for transmucosal healing or can 
be placed in a single stage surgical process for immediate loading36.     

 

 

Intended use of system  

1. Implant supported prosthetic concept:  

         Single tooth restoration, retaining bridges and full dentures.  

2. Implant supported prosthetic restoration:  

          Two � stage procedure.  

3. Time of implantation:  

          Immediate implant placement, Delayed implant placement, Late implant placement.  

4. Drills, reamers and taps:  

          Preparing implant site, implant placement.  

5. Handle for Ratchet, Ratchet, Ratchet inserts:  

          Preparing implant site using reamers and taps also to � implant placement.  

6. Paralleling Guages:  

         Allignment aid when drilling pilot and parallel holes.  

7. Tweezers (titanium):  

        Grasping objects.  

8. Assembly device, insertion instruments for narrow gaps placing implants in single                

tooth gaps of less than 5 mm.  

9. Instrument handles extralong:  

         Implant site preparation using the reamer and tap.  

10. Insertion handle for implants extralong:  
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 Implant placement.  

 Diner studied the effects of external geometry and occlusal load magnitude on bone failure 
modes for 5 commercially available denture implants. They stated up to 300 N of occlusal 
load, compact bone was not over loaded for any implant system. A 100 N load, over loading 
characteristic of implant was dependent on geometric shape36.  

 

Surgical procedure  

After incision and flap elevation, round but is used to make purchase point over the bone after 
which pilot drill in a speed range of 800 rpm is used to make the osteotomy. Once implant 
site has been drilled, shank hole corresponding to the tapered core of the implant is enlarged. 
Insert an implant matching reamer in to the ratchet insert and then in to the ratchet. Ream the 
implant site clockwise without exerting pressure. Gentle pressure may have to be exerted 
when preparing last quarter of the implant site. After reaming, upper edge of the reamer must 
be slightly below the bone crest, if this is not the case, increase the implant site depth. In very 
less dense bone reamer can be rotated counter �clock wise with gentle pressure to condense 
the bone. Now insert an implant matching tap in to the ratchet insert and then into the ratchet. 
Tap the thread clockwise. After tapping remove the tap by rotating it counter clock wise. In 
very less dense bone, site need not have to be tapped. Implant thread is designed to be self 
tapping in such cases36.  

                      Correct insertion instrument is seated over adapter and rotate the selected 
implant in to place to avoid heat necrosis. Should the implant jam before the polished collar is 
reached, remove the implant and retap the thread. For final positioning of the implant, remove 
the handle and place the reversible ratchet on the insertion instrument. Guide the ratchet 
insert stud with an open end wrench. Once final position has been reached use integrated 
screw driver to loosen the retaining screw in the adapter and remove the insertion instrument, 
adapter and ratchet36.  

                     Extra long instrument handle can be used instead of the ratchet in hard to reach 
maxillary areas. Implants are leftcovered with soft tissue flap for 3-4 months in submerged 
healing. A sulcus former is placed over implant and edges of the wound are adapter to sulcus 
former using mattress suture for transgingival healing36.  

 

 

 

 

 

 

 

��



 

 

 

 

BioHorizons Implant System  
Indications   

Single tooth replacement (mandibular central lateral incisor, maxillary lateral incisor)  
Design:   

Square thread design � imparts 10 times less destructive stresses, maximize compressive 
low transfer, Excellent primary stability   

      3 different thread forms � for different bone density.   

      Square thread   

      Conventional V thread   

      Coronal 2/3rd parallel walls � initial stability, surgical simplicity.   

      Apical taper   

      -Self tapping apex�simulates convergent roots                          
Diameter: 3.5, 4, 5, 6mm.   

 Length: 9, 12, 15mm   

 Threads: D2, D3, D4   

     6mm diameter implant � used in posterior extraction sites   

     3mm implant � missing laterals mandibular incisors   

     -Surface treatment � RBM (Resorbable blast media, pure titanium oxide)          -   
Hydroxyapatite � used in soft bone.   

        D4 type bone -D4 implant37 

 

Advantages   

1 Less marginal bone loss because of 0.5mm length polished collar = better esthetics.   

2 Spiralock technology reduces the chances of screw loosening.   
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The IMZ � Interpore  Osseoinegrated Implant System 

Intra mobile cylinder and 2 stage osseointegrated implant system with an intramobile element 
was developed by Dr. Axel Kirsch over 17years ago. If rigid fixed prosthesis were placed 
between a natural tooth unit and an ankylosed implant with no shock absorbing element one 
of the following occur38.  

1. Flexure of the metal substructure which would fracture veneers.

2. Bone resorption under implant, natural tooth or both.

3. Cement that bonds the rigid cast appliance to the natural has a high modulus of

elasticity and cement bond could fail.

4. Micro movement of the retainer on the natural tooth could create continues micro

trauma causing complications to natural.
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5. Failure of solder joints.  

 

The implant shock absorbing mechanism IME reacts to the applied forces in a manner similar 
to natural dentition. A cylindrical implant configuration combined with a spherical apical area 
and a viscoelastic IMF provides for the transfer of occlusal forces evenly to the bone � 
implant interface. The IME is made from polyoxymethylene which was introduced in 1961 
by E.I. pont de numours & co.   

                  Extensive testing of IME was done, which was subjected to 9,00,000 to 1.2 
million continuous cycles of a cyclic load of 10 lb at 70 times per minute, which equates to 
approximately 550 days of use. Test data revealed dimensional changes not exceeding 
0.0127mm & polyoxymethylene appeared to be a very durable and resilient material that does 
not undergo significant dimensional changes when subjected to cyclic forces38.   

 

Uses of implant   

 

1. Single tooth replacements.  

2. Unilateral free end saddle.  

3. Bilateral free end saddle.  

4. Wide edentulous span.  

5. Fully edentulous span.  

 

In fully edentulous span either,  

2 implant connector bar � overdenture with an internal clip fixation.  

3-4 implant custom designed connector bar � overdenture with internal clip fixaition.  

5-8 implant with a screw on type of denture which is totally implant supported.  

5-10 implants with fixed cast removable bridge work.  

 
IMZ IMPLANTS  

Available in 2 diameters- 3.3mm & 4.0mm. 3.3 diameter in 8mm, 10mm, 13mm & 15mm 
lengths. 4mm diameter in 8mm, 11mm, 13mm, & 15mm lengths. CPTi that is coated with 
titnaium plasma spray is used. Coronal 2mm is not coated but highly polished. The plasma 
spray coating is a very fine grain titanium powder applied to the CPTi cylinder in an argon 
environment under high temperature pressure & velocity. This would increase the surface 
area by 6 fold.   

A set of 6 internally & externally irrigated precision drills have been designed for   atraumatic 
preparation of osseous receptor site38. 
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Prosthetic phase  

Transmucosal implant extension is placed over the implant body to which may be attached 
different components like implant post, II stage healing screw and intramobile 
extension(IME). 3 implant post sizes are available with a transmucosal implant extension of 
corresponding size, one for 3.3mm implant ant two for 4mm implant, among this one is 2mm 
high and the other is 4mm high38.   

              TIE is removed from the implant and connected to impression post and this assembly 
is placed over superior portion of seating instrument, carried to the implant site and screwed 
in to position in the implant body. Now impression is made of entire assembly, after which 
TIE is separated from the post and repositioned over the second phase healing screw and this 
assembly is placed over the implant body. Implant analog of appropriate diameter is screwed 
over the impression post, which was placed over the implant during impression making. This 
assembly, implant analog, impression post is now repositioned in final impression and cast 
poured. Impression post is removed from master cast and metal laboratory analog of IME is 
placed over implant analog and tightened firmly on which prosthesis will be fabricated38.   

Coronal fixation screw and frame waxing  

                  IME should be replaced annually hence all prosthesis was designed to be 
retrievable. Titanium occlusal screws (11mm or 17mm) are used for prosthesis fixation. 
Particular screw is placed over laboratory IME and articulator closed to verify adequate 
vertical dimension, if not screw is reduced by cutting the threaded end to obtain screw head 
position approximately 1mm out of occlusion38.  

Intimate adaptation of the final casting to the occlusal fixation screw is essential for proper 
retention of the prosthesis to the implant. Prefabricated, precision, machined plastic sleeves 
that adapt over the fixation screw are used over which wax patterns are carved. Precision 
attachments are used when implants are attached to natural teeth and frame work try in should 
always be done on the metal laboratory IME. Because, if done on compressible 
polymethylene IME, it would castaway the defects in the castings38.   

              During insertion of fixed � removable prosthesis, first fixed part of fixed � 
removable prosthesis is cemented over natural abutment teeth. The removable portion of the 
restoration is then positioned over the implant, seating precision attachment components 
together and the implant � born pontic on top of the IME. Titanium fastening screw is seated 
through the prosthesis and tightened firmly with the hand screwdriver. Indira G. Sahiwal 
studied various non threaded endosseous implant under radiographic film and documented 
features that would help dentist to identify variuos implants they devised tables  and floe 
charts to describe various identifying features38.  
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Innova Implant System  
Endopore implants 39 

1 Unique, truncated cone shaped design, multilayout porous surface � 3 dimensional 

bone ingrowth.   

2 With threaded implants the fixation which occurs allow for rotation movement of 

the implant with endopore resistance to vertical, horizontal, and rotational 

movement.   

3 Implant abutment junction   

                           Internal hex   

                           External hex   

4 Abutment platform 4.8mm   

5 Diameter 3.5,  4.1,   5mm   

6 Length: 5, 7 ,9,  12mm   
7 Collar height: 1.8-2.8mm -Smooth coronal region   

8 Abutment types are UCLA, UMA, Dalla Bona, Over denture system.   

9 Surface treatment � Acid wash surface, hydroxyapatite surface, TPS surface,  

Machine surface   

Advantages  

              A secure, three-dimensional interlocking interface with bone   

              Predictable and minimal crestal bone remodelling   

              Greater surgical options with shorter implant lengths   

              An uncomplicated surgical sequence   

              Minimal instrumentation and inventory39   

 

UNITI Implant System   
- Single or two stage surgical protocol.   

- Consists of straight abutment (4.3mm).   

- Tapered abutments   

- Ball abutments   

 

 

Design  

-Diameter: 3.3, 3.7, 4.3, 5.3, 6mm � Based on every cervical diameters of natural teeth.   

-Length: 10, 13, 15mm   
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Anatomic root shape   

-Upper 1/3rd � Cortical component of implant body is parallel sided with shallow threads one 
continuous pitch of 0.9mm � ideal atraumatic placement in dense cortical bone � optimal load 
transfer.   

-Lower 2/3rd � cancellous component � anatomic taper and sharper, deeper threads (0.35mm) 
are nearly horizontal � high degree of stability in cancellous bone.   

-Self cutting slots in the apical portion � accommodates displaced bone volume during 
implant insertion - prevents bone chips being packed at the base of the osteotomy site.   

-Implant tip is rounded   

-Microgrip surface � osteoconductive high porosity surface 1-5 micron.   

-1mm highly polished collar � better soft tissue integration.   

Implant abutment connection � twin hexagon internal connection.   

The twin hexagon is sandwiched between two solid cylindrical guides above and below the 
hexagon � high degree of stability and stress distribution   

Micro gap free and bacteria proof joint   

The deep internal connection with an abutment extending 3.3mm into the implant body � 
offers strength and stability.   

Indications  

Single tooth replacement   

Multiple teeth replacement   

Advantages  

Biological root form suited for immediate extraction cases.   

Wide diameter neck + tapered form = ideal for peri-implant defect size in sockets  

(obviates additional augmentation materials)  Wide 
platform � esthetic emergence profile.   

Tapered root � minimizes risk of damaging adjusting teeth and structures.   

 

Astra Tech Implant System  
- Two stage implant � manufactured from pure titanium   

- Submerged implant   

- Got unique conical seal design   

- Surface treatment   

- Grit blasting � Ti oxide particles   

- Conical head   

- Taper is 11°   
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Implant components 

- Fixture (length 8-19mm; Diameter 3.5 to 4mm)

Self tapping   

Parallel sided  

- Cover screw

- Abutments

Healing abutment   

Straight and angled abutment (20-30°)  

Uni abutment (20° & 45°)   

- Drills

Twisted drill   

Tiger drill � Ti N coated with laser etched bands.  

Advantages  

Implant abutment junction is conical junction � prevents microbial contamination  

Fixed detachable implant supported prosthesis retained with precision attachment. 

The implant supported maxillary anterior, fixed detachable prosthesis is often fabricated with 
a gingival flange to enhance esthetics and phonetics. However only the dentist can remove 
the prosthesis and the esthetic labial flange invariably impedes patient access for cleaning. A 
2 piece, fixed detachable prosthesis that incorporates a substructure retained with 
conventional set screws and a superstructure retained with precision attachments has been 
developed by Steven Margano. 40 

The substructure is contoured to facilitate for access for oral hygiene because it will 
be covered by superstructure and neither esthetics nor phonetics is a concern. The 
superstructure is easily removed by the patient for routine cleaning and can be designed for 
favorable esthetics and phonetics.40  

An alternate treatment method for fixed detachable hybrid prosthesis � a clinical report.  

The inability to consistently achieve a passive fit with multiple unit implant ceramo-metal 
prosthesis led to the development of fixed detachable hybrid prosthesis40.  

Short coming of screw retained prosthesis include: 

- Passive fit of the metal substructure may require sectioning and soldering after initial

fabrication.

- Access holes must be present to allow for screw tightening � compromise on esthetics and

occlusion.
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- Complex clinical and laboratory techniques.  

- Loosening of screw  

- Fracture of various components.  

 

A criterion for optimal fit of implant abutments in implant fixtures is 10 micro meters or less, 
which is difficult to achieve consistently with fixeddetachable hybrid prosthesis made with 
conventional methods and materials.  

                  This technique by George Cobb et al uses cement retention for the hybrid 
prosthesis. This may not initially produce a perfectly passive fit but use of disclosing media 
and adjusting the internal aspect of the casting can result in non-binding, fully seated 
prosthesis.Although the possibility exists that sectioning, indexing and soldering may be 
required to obtain a passive fit, but modification of the internal aspect may be sufficient in 
majority of the case. Elimination of the screw access hole, will improve occlusion and 
esthetics and yet permit retrievability of the prosthesis for hygiene and repair. Also the 
problem of fatigue component fracture and screw loosening are eliminated40.  

Disadvantages of cement retained prosthesis:  

- Selection and milling of modification (prepable) abutments requires an experienced 

clinician and technician. 

- Implant angulations beyond 15 degrees may require angled abutment or a castable abutment 

to achieve an acceptable path of insertion. 

- Numbering or other methods of matching the correct abutment and orientation of correct 

implant fixture is imperative. 

- Patient with limited interarch space � may compromise retention and resistance form for the 

framework/ abutment interface, or it may result in framework with deficient thickness or 

insufficient space for setting denture teeth.  

-  

 

Inaccurate Fit Of Implant Superstructure: Efficacy of Preci-disc  

System for The Correction Of Errors  

The preci-disc system is designed to compensate for casting inaccuracies and to decrease 
stresses generated on the superstructure and implant components41.  

           A primary objective in fabricating an osseointegrated implant superstructure is to 
achieve a passively fitting prosthesis. The failure to produce passive fit leads to stresses in the 
screw retained prosthesis when the superstructure is connected to the abutment. This can 
result in mechanical failure41.  
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To optimize fit:   

- Accurate impressions  

- Master cast fabrication  

- Accurate casting  

- Preci-disc system  

 

The Preci-disc system  

Titanium Preci-discs, 0.7mm thick are fixed to the metal casting with an anaerobic bonding 
composite. The shape of these titanium rings is said to allow the correction of both vertical 
and lateral fit discrepancies. Gap arising from errors during the clinical and laboratory stages 
are filled with resin composite.   

Selection Criteria 

When osseointegration was first introduced into North America in 1981, the dominant force 
was the Branemark implant. Few manufacturers were on the scene, and there was a paucity of 
selection and training. Approaching a new century, some 19 years later, more than 25 
manufacturers compete for market share in the United States alone. Worldwide, the number 
of implant companies is at least -1- or 5 times greater. Table" 1 lists 21 manufacturers who 
responded, either completely or in part, to a questionnaire related to their products. The 
industry has gone from 3 or 4 basic designs to more than 95 variations, clones, and 
proprietary designs. The clinician has more than 1,300 implants and 1,500 abutments to 
choose from that vary in material, shape, size, diameter, length, surface, and interface 
geometry.  
Reported recommended tightening torques range from none given to 1 to 5 per manufacturer. 
Eleven companies manufacture implants from titanium alloy, 7 from CPT4, 6 from CPT), and 
1 each from CPT2 and CPTl. Two specifically indicated that even though they use CPT3 
and/or CPT4, it has the elemental purity of grade CPTI (Astra Tech and Implant Innovations). 
Seven elected not to report tolerance specifications, which may mean that they are proprietary 
secrets, exceptionally good, or embarrassingly poor. Thirteen reported tolerance specification 
at: t-12.7 pm or better. 
 In the mid- to late 1980s the industry standard was t-25.4 pm, which meant that critical areas 
on the implant could vary by as much as 51 pm. Based on the survey results, that standard has 
been improved to half that much. The best tolerance reported was 6 pm (Friadent), with 
several others close behind at 8, 10, and 16. The number of inspections given to an implant 
body, from the start of production to inclusion into inventory, ranged from 3 to 41, with the 
majority reporting between 8 and 20 inspections.  

 
                With so many choices, so much advertising, and so little reliable scientific data 

available, how does one choose? As starters, perhaps ethical conduct, corporate morality, 

 professional conduct,  and veracity in advertising and promotion could be considered. From a 

purely personal clinical perspective, there are 10 criteria 
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(1) predictable osseointegration;  

(2) controlled clinical studies that validate performance over a 5-year period or longer in 

different bone quality, loading, and restorative situations;  

(3) optimal surface interaction with bone; 

(4) prosthetic flexibility and applications;  

(5) cost-effectiveness-quality versus cost; 

(6) excellent tolerances;  

(7) tissue friendly/interface seal; 

(8) interface stability/screw stability 

 (9) user-friendly, i.e., easy surgery, easy restorative; and  

(10) optimal emergence profile and esthetics. Perhaps engineering elegance, simplicity, 

refinement, and design logic can also help in the selection process. Presently, no one single 

design or manufacturer answers to perfection all of the above criteria and considerations 

because of the variance of the very substrate under consideration. Fortunately for the 

profession, the clinician, and the patient, today several come very close to meeting those 

needs. 2 

 

Five techniques for single tooth replacement on endosseous root form implants. Jay R. 

Friedman.   

Internally hexed and threaded root-form implants provide the clinician with many new 
treatment options for single tooth restorations. Coupled with an interlocking hex on the 
abutment, they provide stability for single tooth restorations while maintaining the options of 
screw or cement retention. Five techniques for fabricating single tooth restorations are 
presented. Clinical and laboratory evaluations of implant angulation, quantity and quality of 
the gingival tissues, and limitations in vertical height are discussed in relation to design and 
abutment selection, and laboratory procedures for each restoration. These techniques permit 
design of each restoration to meet the unique anatomic, functional and esthetic needs. Both 
screw-retained and cement-retained abutments and prostheses are discussed42. 
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Technique 1  

The two-piece titanium alloy component is prepared to receive a cemented crown, provided 
the following criteria are met: The long axis of the implant must be parallel to the long axis of 
the adjacent teeth; there must be sufficient vertical height to accommodate a cemented crown 
on the prepared abutment; and there must be at least a 2 mm thickness of mucosa to provide a 
subgingival margin for esthetics. A supragingival margin can be created for the restoration 
when esthetics is not a concern. 42 

The coronal portion of the sheath is shortened and prepared on the working cast using a 
carborundum disc. Margins are placed 0.5 mm subgingival. The retention screw is cut flush 
with the top of the prepared abutment and provisional restoration is made. 42 

 

Technique 2  

When the implant is parallel to the long axis of the adjacent teeth, but there is limited vertical 
height, the two piece, hex-locking abutment can be used to fabricate a combined post-and-
crown prosthesis. 42 

On the working cast, the sheath is shortened and prepared with grooves for mechanical 
retention. A framework pattern is waxed over the sheath and cast to the titanium abutment in 
type IV noble alloy after a low temperature burnout. Processed resin is applied to the 
framework to complete the prosthesis. Access to the fixation screw can be maintained 
through the occlusal surface. After clinical placement, the occlusal opening is filtered with 
composite resin. 42 

 

Technique 3  

When the long axis of the implant is not parallel with the clinical long axis of the neighboring 
teeth, a pattern can be cast to the two-piece, hex-locking abutment to change its angle, 
provided criteria previously cited for this abutment are met. This technique is normally used 
when the needed angle of correction is other than 15 or 30 degrees from the long axis of the 
implant and esthetics is not compromised. 42 

The abutment sheath is shortened and prepared with grooves for mechanical retention, and a 
gingival margin is defined. A pattern corresponding to the desired abutment angle and 
slightly bulkier than the final desired shape is waxed over the sheath. The center screw is 
removed from the abutment, and a reservoir sprue is attached to the pattern enveloping the 
sheath. After a low-temperature burnout, the pattern is cast in type IV noble alloy. 42 

The casting is divested and blasted. The permucosal section of the abutment is highly 
polished. The center screw is cut perpendicular to its long axis, reducing it to the level of the 
sheath. After placement of the custom-made abutment, conventional indirect techniques are 
used to make the restoration, which is cemented permanently or provisionally. 42 

 

Technique 4  

When the long axis of the implant is not parallel with the clinical long axis of the neighboring 
teeth by approximately 15 to 30 degrees, the three-piece preangled abutment can be used. 
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There must be acceptable gingival thickness to establish margins at 0.5 mm subgingival for 
esthetics. The preangled abutment can initially be used on the working cast to fabricate a 
provisional prosthesis. 42 

 

Technique 5  

The plastic abutment pattern is used primarily in the anterior maxillae when esthetic 
requirements preclude the use of a screw-retained abutment. These cast abutments are needed 
when the quantity and quality of the mucosa is limited, and/or when the implant extends 
above the mucosa crest and overlapping of the implant with the prosthesis is necessary for 
esthetics. 25 The coronal section of the abutment pattern can be severed from its base with a 
rotating disk, and reattached at the desired angle with autopolymerizing acrylic resin. All 
undercuts are blocked out with additional resin and the coronal section prepared. The finished 
pattern is removed from the working cast, sprued at the coronal section, and cast in type IV 
noble alloy. The casting is divested and blasted with nonabrasive glass beads, then refined 
and finished by use of conventional laboratory procedures. The permucosal section of the cast 
abutment is highly polished. The custom abutment is cemented into the implant with 
composite resin cement, and the final preparation is made clinically. 42 

 
The design and fabrication of fiber-reinforced implant prostheses.   

              The use of fiber composite technology in the creation of metal free implant 
prostheses may solve many of the problems associated with a metal alloy substructure such as 
corrosion, toxicity, complexity of fabrication, high cost, and esthetic limitations. As far as the 
veneer is concerned, the overlaying composite or denture base resin veneer will chemically 
bond to this fiber-reinforced composite substructure. In contrast, denture base resin does not 
chemically bond to the metal substructure currently used for full-arch implant prostheses. 
Additionally, there is no need to mask an FRC metal substructure with opaque materials to 
attain a good esthetic result. For partial-arch prostheses, composite materials have distinct 
advantages over porcelain veneers; the former are less brittle, do not wear the opposing 
dentition, may be reparable, and chemically bond to the FRC substructure43.  

            Decreased rigidity may result in fewer fractures of an opposing complete denture and 
a difference in the strain placed on the dental implant/bone interface Laboratory and clinical 
research evaluating glass fiberreinforced composite prostheses used to restore and replace 
teeth has shown that these materials exhibit excellent mechanical properties and can form a 
chemical bond to resin-based veneer materials such as those used in the fabrication of certain 
types of implant prostheses43.  

            To meet the demands of implant prostheses, substructure materials supporting the 
prosthesis should meet criteria already established by Cox and Zarb. These materials should 
do the following: (1) be biocompatible in the oral environment, (2) fit the implant system 
with a high degree of precision, (3) have sufficient mechanical properties, (4) reduce the 
material costs to a minimum, and (5) create the prerequisites for good esthetic results. FRC 
materials possess all 5 of these characteristics. 43 

Proposed Implant Prosthesis Designs  

Two different designs of fiber-reinforced composite implant prostheses have been developed 
and placed in human subjects. One design (screwretained, retrievable prosthesis) is used with 

		



implant abutments that allow for screw retained prostheses; the other design is used with 
abutments that retain prostheses with a luting material.  

             The system includes an (occlusal) screw retained, retrievable prosthesis design and a 
luted, nonretrievable prosthesis design. The FRC screw-retained prosthesis includes ceramic 
cylinders that are screwed into a standard (screw-retained) abutment and are designed to 
support, position, and retain the FRC substructure. The ceramic cylinders are made with 
horizontal grooves on the facial and lingual surfaces and vertical boxes on the proximal 
surfaces that facilitate the placement and adaptation of the FRC material, which is placed on 
and around the cylinders when the substructure is fabricated. Cylinders have been made from 
pressed ceramic materials such as Finesse (Ceramco) and 3G (Pentron, lnc). The use of 
zirconia-reinforced alumina cylinders is now being explored. 43 
              The ceramic cylinder is air-particle abraded with aluminum oxide and etched with 
hydrofluoric acid to facilitate adhesive bonding between the ceramic cylinder and the FRC. 
Silane coupling agent then is placed on the ceramic surface before the addition of unfilled 
resin and the unidirectional, continuous-fiber FRC. Ceramic cylinders have been made with 
different vertical heights and with a variety of angles between the proximal boxes to allow for 
variation of implant height, location, and arch curvature. These special cylinders and methods 
for fabricating a variety of implant prosthesis components with FRC materials can be seen 
with an earlier alloy cylinder prototype. 43 

 

Proposed Procedures  

The occlusal screw channels are protected with silicone, then the ceramic cylinders are air-
particle abraded, etched, covered with a silane-coupling agent, and then unfilled resin. Strips 
of FRC are placed and polymerized in the cylinders' proximal boxes, buccal surfaces, and 
lingual surfaces, and wrapped around the entire substructure. An additional layer is added to 
the cantilevers, perpendicular to the previous layers of FRC. The substructure is covered with 
aluminum foil, and a matrix is created with vinyl polysiloxane putty. The substructure is 
removed from the cast, and aluminum transfer copings are screwed into the master cast. The 
verification index is made by pouring resin into the putty matrix. After the accuracy of the 
master cast has been confirmed, the verification index is used as the foundation for setting the 
teeth. The denture setup is flasked and boiled out, leaving the verification index on one side 
of the flask and the denture teeth on the other. The verification index is removed, the FRC 
substructure is replaced, and PMMA resin is packed. The prosthesis is polymerized, finished, 
and polished. 43 

          For the luted prosthesis, a combination fiber and particulate composite coping is made 
to fit over and bond to the standard solid metal abutment. As with the ceramic cylinder 
described above, this FRC coping is designed to support, position, and retain the 
unidirectional, continuous fiber FRC substructure. This coping also is fabricated with 
horizontal grooves on the facial and lingual surfaces and vertical boxes on the proximal 
surfaces that allow for precise, easy placement and adaptation of the unidirectional FRC 
material placed on and around the copings when the substructure is fabricated. The oxygen-
inhibited layer is maintained on the surface of the coping to facilitate adhesive bonding 
between the composite coping and the FRC. Composite copings also have been made with 
different vertical heights and with a variety of angles between the proximal boxes to allow for 
variation of implant height, location, and arch curvature43.     

	




For both the screw-retained and luted partial prosthesis designs, a particulate composite 
veneer can be placed over the substructure. This hybrid particulate composite is added 
directly to the oxygen-inhibited layer of the finished FRC substructure. Additional layers of 
composite are placed and built to the full contour of the prosthesis. After the final light-
initiated polymerization, shaping, finishing, and polishing, the prosthesis is placed in an oven 
to additionally to polymerize the composite materials and provide optimum esthetic 
properties. The composite material offer many advantages over ceramic materials; the latter 
are more brittle, may cause harm to the opposing natural dentition or acrylic denture teeth and 
may place greater impact loading on the supporting teeth or implant. 43 

 

The Spectra-System implants.   

(Dentsply/Implant Division, Encino, Calif.) Provide three different externally threaded root-
form body types: basket with threads, screw, and ledged, with apical threads to engage 
cortical bone. In areas here cortical bone cannot be ideally engaged, the system also provides 
a hydroxyapatite-coated cylinder design.Each implant in this report was placed by use of 
convention non-trauma surgical procedures with internally irrigated drills. After a submerged 
healing period of 3 to 6 months, the implant was re-exposed and clinical osseointegration was 
verified42.  

The implant body type is not a concern because all the implants share the same internal hex 
and threaded prosthetic abutment connection. This connection bevels inward from the outside 
circumference of the implant neck to a 2.5 mm wide internal hex. This hex extends 
downward for 2 mm parallel with the walls of the implant before changing to internal threads. 
The abutment diameter selected must match the 3.5 mm or 4.5 mm outside diameter of the 
implant neck42.  

            Three titanium alloys (6A14V) and one castable plastic pattern are the abutment 
options for single tooth restorations with the Spectra-System implants. All abutments have a 
bottom hex that interlocks with the internal hex of the implant to prevent rotation. In the 
titanium alloy components, the hex is tapered to provide a press fit that tightly wedges into 
the implant's hex to resist lateral forces on the prosthesis. The titanium alloy components 
include a straight, two-piece hexed sheath with an independent retention screw and three-
piece angled abutments that consist of a base, a head angled at 15 or 30 degrees, and a 
retention screw.The one-piece plastic component is a laboratory burnout pattern used to 
fabricate a cast, cement-retained abutment. It consists of a coronal section that can be angled 
and prepared, a per mucosal extension that seats flush with-the top of the implant, a bottom 
straight-walled interlocking hex, and an apical extension that fits between the implant's 
internal threads for cement retention. The finished cast abutment is cemented into the implant 
with composite cement42.  

              To select the optimum abutment design and method of connection, both clinical and 
laboratory evaluations are needed. Initially, the long axis of the implant must be evaluated 
relative to the long axis of the remaining dentition. This relationship will determine whether a 
straight abutment is acceptable or whether an angled abutment is required to achieve clinical 
parallelism. 

               The quality and quantity of the mucosa forming the sulcus around the implant must 
also be evaluated. When the tissue is thick and bulbous, a screw-retained abutment can often 
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be used. The thicker tissue permits the fixation screw to penetrate the base of the abutment 
and engage the internal threads of the implant before the long axis of the abutment changes 
angulation. This thickness also permits placement of subgingival margins in areas where 
esthetics is needed. When the tissue is thin, a cast cement retained abutment can change its 
angulation at the neck of the implant if necessary. This option may be important in the 
anterior maxillae where esthetics is often challenging. 

            Limitations in vertical height must also be evaluated. This dimension will determine 
the type of prosthesis that can be made. With limited vertical height, a cement retained crown 
may not be acceptable. Where the top of the implant extends above the crest of the residual 
ridge, a cast, cement-retained abutment can allow the restoration to overlap the superior 
aspect of the fixture for esthetics. 42 

 

 

 

 SUMMARY  

 

A well documented fact is now the long-lasting predictability of dental implants. Almost all leading 
manufacturers can claim success rates in excess of 90%, and for more than 10 years, the more 
advanced systems are well above that. The astute clinician is able to work and treat number of 
implants well. The long-term stability of the abutment and the prothesis has been the problem area. 
Due to a number of factors, tremendous progress was made in this region. Critical tolerances for 
machining have improved in the last 20 years and will probably continue to improve with further 
advances in technology and strong competition from the industry. 

 Abutment relations have been reassessed from an engineering perspective and improved and 
refined significantly. In the fields of screw technology, torque and application, a lot has been 
learned. Although there are considerable redundancies in the abutment design, the subtle 
differences among the components are evident, notable and often clinically important. Various 
innovations in the design,manufacturing and casting process had made rehabilitation procedures 
easy even in the most challenging scenarios.New geometries of the interface have been made 
available which improve the stability of the abutment and simplify the restoration process. There 
was a gradual but profound transition to internal links.  

This writing has introduced 2 new internal connections as well as an internal interface clone. 
Industrially speaking, it is highly reasonable to conclude that all major manufacturers who do not 
currently have an internal connection with their design options are working for this. The extended 
model life has been improved by the dimensions of the external hex along with enhanced binding 
and resistance, updated loading systems, better torque and higher torque applications. However, it is 
unlikely that the external hex will survive long into the new millennium with an excellent variety of 
new interfaces.  

Today, the internals are more robust, physically stronger, easier to repair, more esthetic and 
certainly more user-friendly. The new entries in this area learned a lot from the hexagonal 
experience and applied it to every aspect of implant therapy.  

 ���	����&������6� joint efforts to improve product quality and health have also brought renewed 
confidence and security to patients and clinicians alike. Developing more stable and secure implant 
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/ abutment connections has transformed the company into more user-friendly cementing protheses, 
from the difficult and troublesome screw-packed FPD and single-tooth restore. This trend continues 
and the fate of the restoration of gold film can be predicted by screw retained FPD and one implant 
restorations. As a result of market pressure for simplicity and stability, this phenomenon will 
eventually continue.   

More refinements in ceramic engineering will lead to further changes in combination abutments of 
all ceramic and ceramic / metal products. Due to an internal link that makes a possible greater 
thickness of porcelain in the vital interface, some implant-to-abutment interface models (Friadent, 
Replace Select, Camlog, Astra Tech etc.) are in a position for this innovation.  

 In this dynamic engineering environment, it is almost impossible to keep up with the vast array of 
hardware available. Color coding of components usable in some systems has been a small but very 
commendable step towards user friendliness. Color coding for products but also labeling should be 
widely used across the industry. It is strongly recommended. Several companies made enormous 
strides in simplification in the catalog in combination with simplicity.  

Friadent, Nobel Biocare, Steri-Oss, Implant Innovations and Astra Tech all offer excellent 
examples.  The implant has come in full circle and its related components. The original Branemark 
3.75 mm diameter was a result of 4 mm titanium bar stock in Goteborg, and the easy way of putting 
the screw into bone was through its horizontal interface design2. Today, substantial technological 
sophistication and internal analysis are primarily dedicated to the development of new components. 

With the advent of precision machining and accuracte digital dynamic processes,no ideas are 
impossible to implement and execute.  For maximum quality and marketing differentiation, each 
detail is prepared and delivered.This not only enhances the marketing strategies,with this it truely 
welcomes another horizon which will be even better to look upon,to be studied and to be admired . 
There have been great progress and feats achieved, and there will surely be great outcomes in the 
next century.  

Nevertheless, some things never change in some respects. Before the release of new drugs to the 
industry there is always a lack of independent lab testing and controlled clinical trials. Newer 
models should not be used as speculation, professional opinion and advertising positions but instead 
using scientific methods. Perhaps in the next decade this will no longer be a problem as the field 
matures and evidence-based treatment needs clinical verification before use.  
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Oral manifestations of psychosomatic disorders 
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Psychology has been defined as "speciality of science, which studies the 

working of normal mind, the perceptions, sense organs, the personality formation, 

learning, anger, stress etc"  Spering has called it "the science of individual behaviour 

and experience".  
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with the diagnosis and treatment of the disease of the mind and also tries to elucidate 

the diseases such as those in the twilight zone of mind and body i.e. the 

psychosomatic disorders" sparkling has defined it as "the study and the treatment of 
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profession of the interplay between psychological and organic factors in the causation 

and presentation of illness. 

Psychosomatic disorder, also called Psychophysiologic Disorder, condition in 

which psychological stresses adversely affect physiological (somatic) functioning to 

the point of distress. It is a condition of dysfunction or structural damage in bodily 

organs through inappropriate activation of the involuntary nervous system and the 

glands of internal secretion. [3]. The term psychosomatic is derived from the Greek 

��
�������������������������������
��
�	�������	��������
�����������������

����� ������� ��������
��� ������� 
�
�� 	�� ���������� �
���������� 	�� ������� �	� has 

been known for centuries that psychological/emotional factors are related to many 

physical illnesses. Traditionally, we regard mind (psyche) and body (soma) to be 

separate, but where and how do they interact? As an answer, the basic concept in 

psychosomatic medicine was described clearly by Sigmond Freud, who used the term 

�����
��������	
����������������	�������	���������� �
�����������
�� �����
���

�����
��������	����	������	�������	���!"#�����	
�������������	����������
�	�

used in 1818 by the German psychiatrist, Heinroth. Felix Deutsch in 1922 was 

probably the first author to introduce the term "psychosomatic medicine" [5]. The 
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charged with a high psychologic potential. Certain diseases which affect the oral 

mucosa may be the direct or indirect expression of emotions or 

conflicts.Psychosomatic disorders may affect almost any part of the body, though they 

are usually found in systems not under voluntary control. 

INTRODUCTION : 
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Physical symptoms may be exacerbated by psychological distress or may be 

due to entirely due to an underlying psychological disorders.  

Health- Health is a state of complete physical, mental and social well being and not 

merely the absence of disease or infirmity.1   

Mental health 

WHO- A state of well-being in which the individual realizes his or her own abilities, 

can cope with the normal stresses of life, can work productively and fruitfully, and is 

able to make a contribution to his or her community  

Stress Coined by Hans Selye  

It is an undesirable or health threatening response of the body, which is brought on by 

deleterious external influences (stressors) 

Stress is not what happens to someone but how someone reacts to what happens- 

Breivik et al, 1996 
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stressors, which may cause various physical manifestations. eg, asthma, back pain, 

arrhythmias, fatigue, headaches, HTN, irritable bowel syndrome, ulcers and suppress 
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Influences of psychological processes on the biological processes is documented in 

Indian history in Ayurveda. According to Patanjali - ���������������to healthy mind, 
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Concept of psychosomatic medicine was given by Sigmond Freud 

Psychological Factors Affecting Physical Conditions 

Psychosomatic (psychophysiological) medicine has been a specific area of study 

within the field of psychiatry for more than 75 years. It is explained by two basic 

assumptions:  

1. There is a unity of mind and body (reflected in the term mind-body medicine)

2. Psychological factors must be taken into account when considering all disease

states.

The concepts of psychosomatic medicine are subsumed in the diagnostic entity called 

Psychological Factors Affecting Medical Conditions. This category covers physical 
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disorders caused by emotional or psychological factors. It also applies to mental or 

emotional disorders caused or aggravated by physical illness 

Stress Theory 

Stress -circumstance that disturbs or is likely to disturb, the normal physiological or 

psychological functioning of a person. 

� Walter Cannon -conducted the first systematic study of the relation of stress 

to disease. He demonstrated that stimulation of the autonomic nervous system, 

particularly the sympathetic system, prepared the organism for the fight or 

flight response characterized by hypertension, tachycardia and increased 

cardiac output.  

� Harold Wolff-observed that the physiology of the GI tract appeared to 

correlate with specific emotional states. Hyperfunction -associated with 

hostility. Hypofunction)associated with sadness.  

� Hans Selye - He considered stress a nonspecific bodily response to any 

demand caused by either pleasant or unpleasant conditions. 

Model of stress: General adaptation syndrome.  

Three phases: 

(1) the alarm reaction

(2) the stage of resistance-adaptation is ideally achieved

(3) the stage of exhaustion-acquired adaptation or resistance may be lost.

Neurotransmitter Responses to Stress 

Amino acid and peptidergic neurotransmitters 

� are also intricately involved in the stress response.  

� Studies have shown that corticotropin-releasing factor (CRF), glutamate 

(through N-methyl-D-aspartate [NMDA] receptors), and Î³-aminobutyric acid 

(GABA) all play important roles in generating the stress response or in 

modulating other stress-responsive systems, such as dopaminergic and 

noradrenergic brain circuitry. 
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Endocrine Response to Stress 

� In response to stress, CRF is secreted from the hypothalamus into the 

hypophysial-pituitary-portal system.  

� CRF acts at the anterior pituitary to trigger release of adrenocorticotropic 

hormone (ACTH).  

� Once ACTH is released, it acts at the adrenal cortex to stimulate the synthesis 

and release of glucocorticoids.  

� Glucocorticoids themselves have myriad effects : promoting energy use, 

increasing cardiovascular activity (in the service of the flight or fight 

response), and inhibiting functions such as growth, reproduction, and 

immunity. 

� This HPA axis is subject to tight negative feedback control by its own end 

products (ACTH and cortisol) at multiple levels, including the anterior 

pituitary, the hypothalamus, and such suprahypothalamic brain regions as the 

hippocampus. 

�  In addition to CRF, numerous secretagogues (substances that elicit ACTH 

release: catecholamines, vasopressin, and oxytocin.) exist that can bypass CRF 

release and act directly to initiate the glucocorticoid cascade.  

� Different stressors (e.g., cold stress versus hypotension) trigger different 

patterns of secretagogue release 

Immune Response to Stress 

� Part of the stress response consists of the inhibition of immune functioning by 

glucocorticoids.  

� This inhibition may reflect a compensatory action of the HPA axis to mitigate 

other physiological effects of stress.  

� Stress can also cause immune activation through a variety of pathways. 

CRF itself can stimulate norepinephrine release via CRF receptors lon 

the locus ceruleus -> activates the sympathetic nervous system (centrally and 

peripherally) and increases epinephrine release from the adrenal medulla.  

� Direct links of norepinephrine neurons synapse on immune target cells. 
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� Profound immune activation also occurs, including the release of cytokines: 

IL-1 and IL-6 which cause further release of CRF, which in theory serves to 

increase glucocorticoid effects and thereby self-limit the immune activation. 

Life Events 

� A life event or situation, favourable or unfavourable (Selye's distress), often 

occurring by chance, generates challenges to which the person must 

adequately respond. 

� Thomas Holmes and Richard Rahe-social readjustment rating scale after 

asking hundreds of persons from varying backgrounds to rank the relative 

degree of adjustment required by changing life events. 

� Accumulation of 200 or more life-change units in a single year increases 

the risk of developing a psychosomatic disorder in that year. 

� Persons who face general stresses optimistically, rather than pessimistically, 

are less likely to experience psychosomatic disorders; if they do, they are more 

apt to recover easily.  

Treatment of Psychosomatic Disorder 

GOAL: Mobilizing the patient to change behavior in ways that optimize the process 

of healing  

� General change in lifestyle 

� Specific behavioural change 

� The quality of the relationship between the doctor and the patient. 

� In rare cases in which negotiations break down and an impasse is reached it 

may be necessary to threaten to terminate the relationship. 

Cognitive Behavioral Therapy 

Used to help individuals better manage their responses to stressful life events. 

� help individuals become more aware of their own cognitive appraisals of 

stressful events 
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� to educate individuals about how their appraisals of stressful events can 

influence negative emotional and behavioral responses and to help them 

reconceptualize their abilities to alter these appraisals  

� to teach individuals how to develop and maintain the use of a variety of 

effective cognitive and behavioral stress management skills. 

Stress management and relaxation therapy 

� Self-observation : daily dairy 

� Cognitive restructuring : positive thinking 

� Relaxation training : 

� Hypnosis

� Biofeedback: humans being able to learn to control certain involuntary

physiological responses (called biofeedback) such as blood vessel

vasoconstriction, cardiac rhythm, and heart rate.

� Time management  

� Problem-solving : apply the best solution to the problem situation and then 

review their progress with the therapist 

  Oral health is an integral and also a critical component of general health. 

Psychosocial factors are recognized as an essential and influential components in 

health and disease2.    

Psychosocial factors encompass both psychologic issues (those that arise 

predominantly from within the individual) and sociologic issues (external factors).  

It has been known for centuries that psychological / emotional factors are 

related to many physical illness.  Traditionally we regard mind (psyche) and body 

(soma) separate but where and how do they interact? This was explained by Freud, 

who was the first to introduce the basic concept in psychosomatic medicine. He used 

the term �����
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are converted into bodily or somatic symptoms3 .  

It is now well recognized that psychological states can produce somatic 

symptoms, anxiety rates are shown to cause autonomic arousal, heightened muscle 

tone and over breathing and hence a wide range of bodily symptoms.  Depressive 
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illness can lead to weight loss, tiredness, loss of appetite and pain or an existing pain 

can aggravate.  

However patients attribute these somatic syndrome to serious physical disease.  

The oral mucosa is highly reactive to psychologic influences and in some cases oral 

disease may be a direct expression of emotions or conflicts, while in other instances 

lesions of the oral mucosa may be the indirect result of an emotional problem. A wide 

spectrum of psychiatric disorders affects oral and para oral structures which have a 

definite psychosomatic cause, but unfortunately they remain unrecognized because of 

the common and limited nature of their presenting features 

Changes in the psychological functioning in patients may be related to 

manifestation of pain in some patients with atypical odontoalgia, Temporomandibular 

disorders, chronic orofacial pain, burning mouth syndrome, aphthous stomatitis etc.4,5  

In chronic pain syndromes, there is often a psychological or behavioral 

overlay of symptoms that are part and parcel of the disease.  Treating the 

psychological and behavioral problems with physical aspect may increase the chances 

of a successful therapeutic outcome.6   

Emotional or psychological factors have been emphasized as potential 
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holistic medicine.  Several studies relying on self reported patient information 

between psychological state and incidence or progression of disease and results have 

been interesting.7   

Biopsychosocial Model of Illness: 

In prehistoric era the disease was supported to be a result of ill deeds of man 

or a effect of evil supernatural power and people generally relied upon with doctors, 

or natural resources. With civilization germ model or biological model of illness was 

proposed and it was believed that diseases arised due to germs and one germ one 

disease model of illness was unaptadised.  

	



Gradually a psychosomatic aspect of disease was concentralized and the 

disease was considered to be an interplay of bodily or somatic and psychogenic 

factors. This model led to conception of current biopsychosocial model of illness, 

which believes most of illness sot be an interplay between some external biological 

factor and body's somatic factors such as immunity and psychologic factors.  

In modern era, due to increased stress and anxiety and non inclination to 

spirituality there is an alarming rise in mental illness as well as physical diseases, as 

spirituality is an integral part of psychological aspect of man and plays a major role in 

disease manifestation. 

Stress Anxiety and Oral Diseases: 

Though stress is one of the odd horses and psychiatry has been proposed to 

cause perception of trigger of psychiatric illness.  Numerous domestic distress are also 

commonly linked with unpleasant thoughts and events or in other words. anxiety and 

depression and removal of these factors is frequently associated with the cessation of 

diverse physical symptoms.  

The slipness of the term "stresses" is both an advantage and a disadvantage. 

It is an advantage because it is all embracing and allows a synthesis of many 

aspects of life's experience.  It is disadvantageous because its references are diverse. 

Stress refers both to a subject and a predicate, an event and the consequences of that 

event.    

For centuries physicians and patients have made an association between adverse life 

eventic illness. However there are no concrete evidence for studies regarding it. The 

conceptual push that has hindered progress in this field is the confusion of 'cause' and 

'trigger' of illness.  

The allegation that stress "caused" an illness is difficult to demonstrate in most 

human studies, as we impose a short term stresses and look for the resultant 

physiologic charges and hence positive results are difficult to establish.  

The alternative hypothesis provides evidence that "stresses" triggers illness in 

individuals whose underlying illness is latent or subclinical and is evidenced routinely 

in psychophysiologic or psychosomatic studies. For instances, studies of 






physiological response to stresses in normal individuals demonstrated long amplitude 

changes in physiologic levels of blood pressure, gastric motility and normal levels.  

When such psychophysiologic studies are extended to patient groups, incontrovertible 

evidence is seen for the role of stressors as trigger events in eliciting pathophysiologic 

phenomena.  

Another conceptual problem that enters is the issue of stress vs coping. 

Overall, following function have been proposed showing stress related 

disorders by Richard Rahe in 1974.  

Stress � Past experiences � Psychological defences � 

Illness rule � Illness behaviour     coping        Psychological reaction  

With the above background this book attempts to review the current available 
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HISTORY 

THE BEGINNINGS : PRIMITIVE CONCEPTS : 
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�%��scientific concepts are rooted in the past.  

The study of the primitive tribes of this day lends support to conjectures concerning 

the concepts of illness held by prehistoric men which are reflected in the myths and 

records of the early pages of history.  The concepts of disease found among primitive 

people differ from those held by the scientific communities of today. For primitive 

people, all illnesses were attributed to forces acting outside the body.   

The quest of medicine man is often to find the lost or afflicted soul, to drive 

out the demon, and then to return the soul to the body.  Throughout, one may 

recognize the primitive methods as beginning with simple cause and effect 

explanations and empirical observations, without recognition of the operation of 

internal forces of either a biological or a psychological nature.  Nor does the medicine 

man direct his efforts to the individual man direct his efforts to the individual but 

rather to a malignant invading force foreign to his primitive patient. The meanings 

and aims of primitive rites, while psychotherapeutic, hold no relationship to modern 

treatments which find the sources of illness within the biosocial organization and 

development of man.9  
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GRECO-ROMAN ERA : 
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interest turned toward observation and experimentation.  This early scientific 

movement is best observed in the writings of Hippocrates (460-375 B.C.). He  

rejected the influence of the gods as causative of mental disease.  High point of 

scientific observation during the Greco-Roman period was reached in the time of the 

Roman physician Galen (130-200 A.D.).  Galen developed a theory of the rational 

soul as divided into external and internal parts.  The former, in his system, consisted 

of the five senses; the functions of the latter were such things as imagination, 

judgment, perception, and movement.  Galen concluded, as Plato thought but 

Aristotle denied, that the brain and not the heart was the seat of the soul.  

The reactions of parts of the organism would be designated as physiological, 
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complex physiological, psychological, and sociological forces that impinge upon it.  
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functioning of the organism and not a metaphysical entity having an existence parallel 

to the body.9  

THE MODERN ERA:  

Social Psychological Change: 

The interest in psychotherapy and humanitarian attitudes toward mental illness 

have undergone major revivals during the past half century. Various forms of 

psychotherapy now flourish worldwide. Varying from simple application of attitudes 

of acceptance toward the mentally and emotionally distressed, the modern 

psychotherapies are based upon a series of hypothetical propositions and operational 
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More or less coincident with the humanitarian reforms in treatment occurred 

the growth of medical interest in mental illnesses.  Following a long series of 

observations by the brilliant clinicians in Europe, the German Emil Kraepelin (1856-

196) gave to psychiatry the first comprehensive description of what he believed were

��



entitles of mental disease.  Prior to his time, psychiatric attention had been directed to 

the symptom, which was regarded as the illness.  Kraepelin assumed that mental 

disorders were definite disease entities analogous to the physical diseases and defined 

by etiology, symptomatology, course, and outcome.  This led him to stress clinical 

observations and the search for physical origins for mental diseases.  His system of 

classification was based on descriptions, symptoms, and outcome, since it was 

frequently impossible to make the diagnosis by laboratory examinations.  Thus the 

classifications were not based on an understanding of etiologic factors, including 

those of psychodynamic processes.  

Coincident with the successes that followed in the late nineteenth century with 

discoveries of the pathology and etiology of disease, scientists turned to similar 

attempts to understand the etiology of mental disorders just as institutes for the study 

of general medical illnesses were established.   

In Western Europe, in 1896 the State of New York established the 

pathological Institute (now known as the New York State Psychiatric Institute) to 

study the etiology of the mental disturbances, then recognized and to develop 

therapeutic and preventive measures for them.  This was the first research 

organization in which investigators from the biological, psychological and social 

sciences worked with integration. This was a team work of scientists from various 

fields of anatomy, histology, pathology, microbiology and cellular biology, 

psychology and anthropology.  Within short duration, a worker attached to the 

Institute, in collaboration with another in the younger Rockefeller Institute, 

established the cause of paresis as the spirochete Treponema Pallidum.  

It is presumed that Ira Van Gieson, the pathologist who was the first director 

of this Institute, derived many of his ideas form the great German pathologist Rudolph 

Virchow.  Virchow had a broad perspective of the study of mankind, which 

superseded his extraordinary studies of organ pathology.  He encouraged early 

archeological studies and involved himself actively in the social policies and political 

life of his nation.  
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Research institutes devoted to the field of psychiatry have spread throughout 

the world and vigorous investigative units have sprung up in universities and in many 

independent teaching hospitals.  From these research efforts have evolved the 

enormous expansion of the knowledge of personality functioning, psychopathology, 

and brain structure and function.  New therapeutic and preventive approaches and 

hypotheses with powerful, heuristic potentials have emerged.9  

CLASSIFICATION OF PSYCHOSOMATIC DISORDERS 

International Classification of Diseases (ICD-10; WHO-1993) 

Depending on tissue damage 

� Psychological malfunctioning not associated with tissue damage

� Psychological malfunctioning associated with tissue damage

Zegarelli E.V., Kutscher A.H. and Hyman G.A. (1978) Classified psychosomatic 

disorders as ; 11 

1) Psychoneurotic disorder

2) Psychophysiologic disorder

3) Personality disorder

4) Psychotic disorder

1) Psychoneurotic ) Basic Characteristic ) is subjective feeling of anxiety.

Type of Neurosis )  Phobic 

Obsessive- Compulsive 

Depressive  

Conversion  

2) Psychophysiologic ) Distress - renders the individual to physiologic

dysfunction and eventual tissue damage, rather than neurotic defenses or

psychotic withdrawal.

3) Personality: The individual utilizes patterns of action or behaviour rather than

mental, somatic or emotional symptoms.

4) Psychotic ) Characterized by personality disintegration with failure in the

ability to perceive, evaluate and test reality.

Psychosomatic oral medicine

Infancy - mouth plays a vital role in exploration, feeding and establishing the

affectionate bond with the mother. (Bowlby, 1969)
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Freud - oral stage of development determine important personality traits, but 

that problems at this stage lead to predisposition to certain depression  in later 

life. 

Classification of Oral Psychosomatic Disorders: 

I ) McCarthy P.L. and Shklar G. (1980)12 

1) Oral psychosomatic diseases

a) Lichen planus

b) Apthous stomatitis

c) Glossitis and stomatitis areata migrans

2) Oral diseases in which psychologic factors may play some etiologic role

a) Erythema multiforme

b) Mucous membrane pemphigoid

c) Chronic periodontal disease

3) Oral infections in which emotional stress serves as a predisposing factor

a) Recurrent herpes labialis

b) Necrotizing gingivitis

4) Oral diseases induced by neurotic habits

a) Leukoplakia

b) Biting of oral mucosa (self mutilation)

c) Physical / mechanical irrigation

d) Dental / periodontal disease produced by bruxism

5) Neurotic oral symptoms

a) Glossodynia (Glossopyrosis)

b) Dysgeusia

c) Mucosal pain

II) Bailoor and Nagesh (2001) classified oral psychosomatic disorders as 13

I. Pain related disorders

1) MPDS

2) Atypical facial pain

3) Atypical odontogenic pain

II. Disorders related to altered oral sensation

1) Burning mouth syndrome
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2) Idiopathic xerostomia

3) Idiopathic dysguesia

III. Miscellaneous

1) Oral lichen planus

2) Recurrent aphthous ulcers

3) Psoriasis

4) Erythema multiforme

5) Cancerophobia

6) ANUG

7) Anorexia nervosa

8) Bruxism

III) Classification according to presentation of symptoms

A. PAIN

1. Facial Arthromyalgia

a) TMJ dysfunction syndrome

b) Myofacial pain dysfunction syndrome

c) Costens syndrome

d) Recurrent subluxations

e) Persistent trismus

2. Atypical facial pain

a) Atypical facial neuralgia

b) Idiopathic facial pain

3. Tension headache

4. Atypical odontalgia

a) Idiopathic periodontalgia

b) Phantom tooth pain

5. Intractable pain

6. Psychotic pain (delusional pain)

7. Myalgic encephalomyelitis

a) Post viral fatigue syndrome

b) Royal free syndrome

c) Icelandic disease

d) Epidemic neurasthenia

C. Hysterical or Conversion Disorders
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D. Somatopsychic Problems

1. Dysmorphophobia ( morphodyshoria)

2. Cancerophobia

3. Hypochondriasis

4. Monosymptomatic hypochondrial psychosis

5. Mental retardation or Handicap.

.� '��������%������
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E. Oral psychosomatic diseases

1. Aphthous ulcers

2. Factitious ulceration- stomatitis artefacta

3. Lichen planus

4. Geographic tongue

5. Erythema multiforme

6. Mucous membrane pemphigoid

7. Periodontal diseases

a. Acute necrotizing ulcerative gingivitis

b. Atypical gingivostomatitis

c. Excoriative gingivitis (gingivitis artefacta)

d. Thegosis and somatization (parafunctional occlusal traumatism)

e. General adaptation syndrome

8. Herpes Labialis

9. Bruxism

F. Anorexia Nervosa and Bulimia, Eating Disorders

G. Litigation, Compensation and the Post Traumatic Stress Disorder

IV) Revised simple working type classification proposed for psychosomatic
disorders pertaining to dental practice by Shamim (2014)

1. Pain related disorders:

a. Myofascial pain dysfunction syndrome (MPDS)
b. Atypical facial pain
c. Atypical odontogenic pain
d. Phantompain

2. Disorders related to altered oral sensation:
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a. Burning mouth syndrome
b. Idiopathic xerostomia
c. Idiopathic dysgeusia
d. Glossodynia
e. Glossopyrosis

3. Disorders induced by neurotic habits:

a. Dental and periodontal diseases caused by bruxism
b. Biting of oral mucosa (self mutilation)

4. Autoimmune disorders:

a. Oral lichen planus
b. Recurrent aphthous stomatitis
c. Psoriasis
d. Mucous membrane pemphigoid
e. Erythema multiforme

5. Disorder caused by altered perception of dentofacial form and
function:

a. Body dysmorphic disorder

6. Miscellaneous disorders:

a. Recurrent herpes labialis
b. Necrotising ulcerative gingivostomatitis
c. Chronic periodontal diseases
d. Cancerophobia
e. Delusional Halitosis.

LICHEN PLANUS 

Oral lichen planus is a common chronic immunologic inflammatory 

mucocutaneous disorder that varies in appearance from keratotic (reticular or plaque 

like) to erythematous and ulcerative.  
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According to most research studies, the average patient with lichen planus is 

of middle age, with men and women affected in equal number. Some studies report a 

slightly higher female population.   The disorder has been found in people of all races, 

but a very high percentage of the affected people are white.   

Although many cases are asymptomatic and discovered upon routine oral 

examination, roughly 2/3rds of patients report oral discomfort upon presentation of 

their disease.14    

Oral lichen planus presents as white striations, white papules, white plaques, 

erythema, erosions or blisters affecting predominantly the buccal mucosa, tongue and 

gingivae, although other sites are occasionally involved. Lesions are typically bilateral 

and often appear as a mixture of clinical subtypes, white or grey streaks may form a 

linear or reticular pattern on an erythematous background.15  

Desquamative gingivitis, a clinically descriptive term that encompasses many 

diseases, can apply to conditions characterized by clinically atrophic lesions with 

histologic oral lichen planus.15   

Kovesi G. and Bancozy J. (1973)16  diagnosed oral lichen planus in 326 

patients between 1960-1969, and according to them, psychic stress appeared to be an 

important etiologic factor along with smoking.Smoking was also considered as a 

possible etiologic factor especially in cases where the patient had smoked more than 

10 cigarettes/day for 3 years.    Sedative therapy bromides, barbiturates and 

phenothiazine was attempted in patients with supposed psychic  factors.    

Shafer W.G. et al (1983)17 stated that lichen planus was associated with 

number of stress related medical disorders such as diabetes and hypertension.  

Lowental U., Pisontis (1984)18 examined 49 patients with clinically diagnosed 

oral lichen planus.  These authors stated that stressful events frequently preceded 

episodes of symptoms in patients with symptomatic erosive (ulcerous) of bullous 

OLP, whereas no such relationship was seen in patients with asymptomatic OLP.  
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Scully M. and El-Kom M. (1985)19 quoted the relationship of lichen planus 

with stress and also  neurogenic basis was suggested.  

Hampt B. Goronc (1987)20  investigated 56 patients with clinically and 

histologically verified oral lichen planus and 44 non-OLP patients for the degree of 

mental disturbance by means of the Cornell Medical Index psychological 

questionnaire.  Most of the patients had the subjective feeling that the clinical 

appearance of OLP, including discomfort, become worse during times of mental 

stress.  

Humphris G., Field E.A. (1992)21 stated that the role of psychological factors 

in oral lichen planus could be the result of the condition of oral lichen planus 

influencing psychological distress.  

Sebastian J.V. Bogan (1992)22 conducted a clinical study on 205 patients with 

oral lichen planus.  66 patients had a history of stress, diabetes was found in 27, and 

chronic liver disease in 44.  Both stress and diabetes were found in two patients, 3 

cases involved stress, diabetes and chronic liver disease.  Diabetes and liver disease 

were simultaneously present in eight cases, where as stress and liver disease were 

associated in 10.  

McCartan B.E. (1995)23 investigated 50 patients with oral lichen planus for 

current anxiety and depression and for related personality factors.  Anxiety levels, as 

measured on the hospital anxiety and depression (HAD) scale, were elevated in 50% 

of cases, while depression scores, measured on the same scale, were low in all but a 

few.  

Sugerman P.B. et al (1995)24 assessed the potential role of stress derived HSP 

(Heat Shock Protein) expression using avidine biotina complex immunochemistry 

with an anti HSP-70 polyclonal antibody, in normal oral mucosa sections of OLP, non 

specific oral ulceration and dysplastic OLP. They found that there was statistically 

significant difference in vertical and horizontal staining distribution when other 

groups compared with OLP.    
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Scully C. et al (1998)25 suggested that stress has been widely held to be an 

important etiological factor in OLP, but there have been remarkably few studies 

(Lowenthal and Pisonti, 1984).  A statistically significant difference was found in the 

psychological profiles of patients affected by OLP as compared with those of controls 

in one study (Hary et al 1987) and others have found that patients with OLP had a 

tendency to be depressed (Bergdah et al, 1995).  

Sugerman PB, Savage NW (2002)26 stated exacerbation of OLP was linked to 

periods of psychological stress and anxiety.  

          Chaudary S (2004)27 studied the importance of psychological stressors in 

patients with Oral lichen planus. The General Health Questionnaire version 28(GHQ-

28) and the Hospital Anxiety and Depression Scale were used to evaluate

psychological stressors in terms of stress, anxiety and depression respectively. 

Significantly higher stress, anxiety and depression levels were found in the OLP and 

positive control than the general population. They suggest that psycological stressors 

play an important role in the causation of OLP. 

APHTHOUS STOMATITIS 

RECURRENT APHTHOUS STOMATITIS : 

Definition :  

RAU is an inflammatory condition of unknown etiology characterized by 

painful recurrent, single or multiple ulcerations of the oral mucosa .26  

The Greek term aphthi was initially used in relation to disorders of the mouth 

and is credited to Hippocrates (460-370 BC).  Today recurrent aphthous ulceration, or 

recurrent aphthous stomatitis (RAS), is recognized as the most common oral mucosal 

disease known to human beings.29 

Epidemiologic studies indicate that the prevalence of RAS is between 2% and 

50% in the general population, most estimates fall between 5% and 25%.  The peak 

age of onset for RAS is between 10 and 19 years.  After childhood and adolescence it 

may continue throughout the entire human lifespan without geographic age, sex or 

race-related preference.  
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Clinical Manifestations : 

The most common presentation of RAS is minor RAS.  Minor RAS manifests 

as recurrent, round, clearly defined, small, painful ulcers with shallow necrotic 

contents, raised margins, and erythematous halos.  They are generally smaller than 10 

mm in diameter and have a gray-white pseudomembrane.  These lesions heal within 

10 to 14 days without scaring.  The most common location is on non-keratinized oral 

mucosa (the labial and buccal mucosa and floor of mouth).  
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mucosa necrotica recurrences and is less common (approximately 10% to 15% of all 

RAS) yet more severe than minor RAS, they are larger that 10 mm in diameter, are 

deeper, often scar, and last for weeks to months.  These lesions have a predilection for 

lips, tongue, soft palate and the palatal fauces and cause significant pain and 

dysphagia.  

The least common form of RAS is herpetiform aphthous ulcers, which afflict 

5% to 10% of patients characterize this rare form of RAS and they occur throughout 

the oral cavity.  They tend to be small (2 to 3 mm) and numerous (ranging form 10 to 

100 ulcers) but can become confluent to produce larger, plaque form, irregular 

lesions, lesions last 7 to 30 days and have the potential to scar.  

Association between stress and oral ulcers 

Psychological stress 

� 

Increase number of leukocytes in the epithelium 

� 

Degeneration of suprabasal epithelial cells 

� 

Lymphocyte infiltrate in lamina propria 

� 

Extensive edema 

� 

Epithelial degeneration 
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Frank ulceration 

Miller M.F., Ship I.I. (1977)30 conducted, a 12 year retrospective 

investigation of 1,778 professional school students from the University of 

Pennsylvania and 651 proband subjects were available for the follow-up investigation.  

Techniques of subjective evaluation of disease status (mailed schedules describing 

disease and color photographs) were used in making an assessment of RAU, including 

both current disease and histories of prior disease.   

The data presented suggested a trend toward decreased RAU prevalence and 

severity among physicians, dentists, veterinarians and nurses as compared to 

professional school students. Initially it has been suggested that the students may 

represent the highest levels of RAU and that special features of the life patterns of the 

students favor disease expression.  But of late several factors could have contributed 

to this decrease.   

Buajeeb W. et al (1990)31 reported the relationship of recurrent aphthous 

stomatitis (RAS) to psychological factors.  All new patients seen during May 1988 ) 

November 1988 at the oral diagnostic clinic, completed the questionnaire regarding 

their history of RAS.  For the measurement of anxiety, patients were given the self-

rating anxiety scale (SAS).  Of the 3,106 patients studied, 46.4% reported a positive 

history of RAS.  In this population, females were significantly more than males. They 

concluded that patients with RAS were more anxious than patients without RAS.  

Peretz B. (1994)32 described a case of major recurrent aphthous stomatitis in a 

11 year old girl to illustrate a disease which is relatively rare in children, emotional 
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stress was suggested as a possible etiological factor for the occurrence of major RA in 

this patient.  Disappearance of these ulcers occurred after stress had been relieved.  

Mc Carton B.E. et al (1996)33 measured salivary cortisol levels in two groups 

of patients with recurrent aphthous ulcerations.  One group of patients had persistent 

aphthae (Group 1) and other had been relieved of their aphthous following correction 

of detected haematinic deficiency states (Group 2).  Anxiety was measured using the 

hospital anxiety and depression scale and radioimmunoassay of salivary cortisol.  

There was a statistically significant increase in proportion of borderline or clinically 

anxious patients in Group I compared to Group 2.  It was concluded that stress plays a 

role in the etiology of recurrent aphthous stomatitis, particularly in patients who have 

an underlying anxiety trait.  

Natah S.S. et al (2004)29 in their study in which a relaxation / imagery 

treatment programme was used,found a significant decrease in the frequency of ulcer 

recurrence among all treated subjects.   

BURNING MOUTH SYNDROMES 

DEFINITION :  

Burning mouth syndrome or more appropriately known as burning mouth 

disorder (BMD), is a painful oral condition featuring burning sensations of the tongue, 

lips, and mucosal regions of the mouth. Burning mouth syndrome is a distinct clinical 

entity of multifactorial etiology, in which no oral mucosal abnormality is evident on 

clinical examination. Any area of the oral mucosa can be affected, but the tongue and 

the denture bearing areas are most commonly involved.  

The etiology of burning mouth have been considered to be multifactorial, it 

has been suggested that causative factors can be divided into 3 groups ) local, system 

and psychologic.  

Clinical Manifestations : 

Burning mouth disorder is characterized by an unexplained, usually persistent 

burning sensation of the oral soft tissues.  Symptoms range in intensity from mild to 

severe, with most experiencing moderate levels of pain that appear on awakening or 
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later in the day.  The tongue, typically the anterior 1/3rd of the 'dorsal surface, is most 

commonly affected, followed by the lips.  The palate, gingiva and orophayrnx are less 

commonly involved. Burning mouth syndrome mostly affects middle aged women.  

 

 Burning mouth disorder is accompanied by oral dryness and taste 

abnormalities (dysguesia) in at least 50% of cases.  In patients with concomitant 

hyposalivation and/or dysguesia, examination often reveals fissuring of the tongue, 

dryness of and adherent saliva on the dorsum of the tongue, prominent fungi form 

papilla on the anterior one third of the tongue and taste abnormalities.34 

 

 Burning mouth is a condition that elicits a burning sensation in the oral cavity.  

When the oral mucosa is normal on clinical examination, these burning sensations are 

called burning mouth syndrome (BMS).  

 

 Multiple sites in the oral cavity may be affected, the most common being the 

tongue and is usually accompanied by a variety of complaints that may include 
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moderate or severe intensity and may vary over the day.   

 

 The effect of cognitive therapy (CT) on 30 patients with resistant BMS after 

odontological and medical treatment was studied.35 

 

 Ziskin D.E., Moulton R. (1948)36 considered that 13 out of 14 patients with 

burning orolingual pain suffered from emotional disturbance without organic pain.   

 

 Quinn J.H. (1965)37 in his study of 54 patients with burning mouth, 

concluded that anxiety related in certain oral habits such as teeth clenching and 

tongue thrusting that explained their disorder, however no tongue lesions were 

evident.  

 

 Ewalt J. (1966)38 reported that a common complaint in depression was a 

peculiar taste or a stinging or burning sensation around the teeth, gingivae, or tongue.  
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Lescells R.G. (1966)39 in his study of patients with atypical facial pain, found 

a history of depressive illness in most cases, but he also found that depression was 

atypical.  

Schoenberg B. (1967)40 in their study of 55 cases of sore mouth,observed that 

22% of the patients were overly depressed at the time of the interview and reported an 

association of psychological factors in burning mouth syndrome.  

Shoenberg B. et al (1971)41 reported 21 patients with idiopathic burning 

mouth who were studied by clinical interview and judged 81% to be currently 

depressed, with the other 19% showing some evidence of depression.  

Brooke R.I., Seganski D.P 42 in their study of 55 cases of sore mouth,22% of 

the patients were overly depressed at the time of the interview. 

Harris M., Davies G. (1980)43 stated that the association of emotional and 

mental suffering with symptoms in the mouth could be understood on the basis of the 

anatomic, physiological and developmental aspects of oral functioning. They also 

proposed that patients with burning mouth were suffering from either cancerophobia 

or reactive depression.  A significant percentage (71%)patients health improved after 

9 weeks of antidepressant treatment.  

Browning S. et al (1987)44 conducted study on 25 patients with a diagnosis of 

non organic burning mouth syndrome and 25 patients with organically based painful 

disorders of the mouth who were age and sex matched. All patients interviewed by a 

psychiatrist and completed the General Health questionnaire to screen for psychiatric 

disorders.  The results of this controlled study of patients with burning mouth 

syndrome showed that a significantly higher proportion of patients in the burning 

mouth group had an associated psychiatric disorder when compared with the control 

group. The psychological disorders described in association with burning mouth 

syndrome included anxiety status, hypochondrial reactions, conversion reactions, tic 

and masochistic reaction.  

Grushka M. Sessle B.J., Hawley T.P. (1987)45 assumed that, in most of the 

patients with BMS, the causative organic factor was a functional disorder entailing 

psychologic, emotional and neurologic dysfunctions.  
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 Van der Ploeg H.M. et al (1987)46 reported results of psychological 

questionnaire survey of 184 patients who had burning mouth syndrome.  They 

concluded that in large number of patients with glossodynia, psychological aspects 

such as anxiety, depression, and neurotic tendency were of great importance.  

 

 Lamey P.J., A.B. Lamb (1989)47 applied anxiety and depression (HAD-

hospital anxiety and depression scale) in 74 patients with burning mouth syndrome.  

From the results it can be concluded that more than one third of the study population, 

the majority of whom were females, have anxiety psychosis.  Authors suggested that 

their somatic symptoms of burning mouth were partly due to the psychological result 

of restlessness, tension and an inheritant ability to relax .They concluded that the 

management of this group of patients will be  improved by objective assessment of 

their psychological status by the HAD scale.   

 

 Zilli C. (1989)48 assessed 31 consecutive subjects suffering from oral 

dysesthesia  and without detectable organic disease with a screening test for 

psychiatric illness, the GHQ, 28 item version (GHQ-28).  12 subjects also completed 

the irritability, depression and anxiety Scale (IDA). The subjects with oral dysesthesia 

approved to have psychiatric illness more often than the other subjects with chronic 

pain. Their findings indicated that psychiatric illness, especially depression, plays an 

important role in this disorder.  

 

 Attonasio Ronald (1991)49 stated that BMS was thought to be a psychological 

ailment and an individual with a lingual personality and most frequent cause being 

psychologic malfunctioning. They also stated that the beneficial effects of Tricyclic 

Anti depressants for reliving chronic pain have been corroborated in other related 

studies as well, which indicate that low doses of TCAs may act therapeutically as 

analgesics, separate from their action as antidepressants.  

 

 Gorsky Meir et al (1991)50 conducted study on 130 patients with burning 

mouth syndrome for clinical characteristics and treatment responses.  Most patients 

were postmenopausal women, the tongue was involved alone or with other oral sites 
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in 78% of the patients.  They stated that psychogenesis was the most important 

etiologic factor.   

Bailoor D.N. et al (1992)51 in a South Indian study, reported this syndrome 

along with a high degree of depression predominantly in post-menopausal women. 

They suggested that psychiatric counseling and antidepressant medications were 

better modalities to treat such patients.  

�������	
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personality changes are associated factors in BMS, to the extent that BMS was 

frequently labeled as psychological ailment.  A psychogenic basis for BMS was 

derived from both psychological and drug therapy studies in BMS studies.   

Psychological tests and clinical interviews in numerous studies were used to 

demonstrate psychological dysfunction (eg depression, anxiety, irritability) in subjects 

with oral complaints, including mouth burning.   

Paterson A.J. et al (1995)53 They investigated 84 patients with burning mouth 

syndrome, using hospital anxiety and depression (HAD) scale questionnaire.  A 

control group of 69 patients was also included.  All patients interviewed regarding 

parafunctional habits and were subjectively examined for signs of occlusal wear of 

natural teeth or denture.  There was a statistically significant relationship between 

parafunctional habits and anxiety as indicated by HAD scale but not with depression.  

Jerlong B.B. (1997)54 studied 20 women suffering from burning mouth 

syndrome (BMS) rated with regard to depressive symptoms and anxiety, values were 

compared to disability level assessed by interviews.  The study included a 

psychological analysis of the communication pattern in the patient doctor relationship 

and concluded that somatic treatment dependence and helplessness may activate and 

defensive reactions in the dentist.  

Bogetto et al (1998)55 conducted a study on 102 patients with BMS in order to 

evaluate the prevalence and type of psychiatric disorders co-existing with burning 

mouth syndrome.  They found that most prevalent concurrent diagnosis were 
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depressive disorders and generalized anxiety disorder and concluded that BMS has a 

high psychiatric co-morbidity but can occur in the absence of psychiatric diagnosis.  

Bergdahl M., Bergdahl J. (1999)56 surveyed 669 men and 758 men for oral 

complaints and salivary flow between the ages 20 and 69 years.  53 individuals, 11 

men and 42 women were classified as having BMS.  Various local, systemic and 

psychological factors have been found to be associated with BMS. The intensity of 

the burning sensations was estimated to be 4.6 on a visual analogue scale.  It was 

concluded that BMS should be seen as a marker of illness and/or distress and the 

complex etiology of BMS demands specialist treatment.  

Reiss M., Reiss G. (1999)57 included hematological diseases, vitamin 

deficiencies, dental work, hormonal factors, or infections in addition to psychological 

disorders (such as neurosis, depression or phobias) as the primary etiological factors 

for glossodynia.  They also mentioned that a multidisciplinary approach is required 

for the appropriate assessment of this disorder, i.e. the diagnostic procedure should 

involve dentistry, neurology, and internal medicine.  

Formaker B.K. and Frank M.E. (2000)58 evaluated seventy three patients 

with burning mouth syndrome (BMS), on oral pain disorder occurring primarily in 

post-menopausal women and frequently accompanied by taste complaints.  This 

association of symptoms suggested an interaction between the mechanisms of 

nociception and gustation.   

Pokupec-Gruden J.S. et al (2000)59 researched upon the association between 

a psychogenic factor and stomatopyrosis as its consequence using the visual analogue 

scale for subjective assessment of the symptoms in the oral cavity. They took into 

account changes of depression, anxiety, adaptability and emotional stability.  They 

also established a systematic and a psychiatric diagnosis that was necessary for 

making the right choices when treating people with stomatopyrosis and concluded 

that stomatopyrosis, a psychosomatic state can be cured or treated by appropriate 

treatment, which includes psychiatric treatment as well.  
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Al Quron Firos A.M. (2004)60 studied 32 patients with burning mouth 

syndrome and 32 matched control subjects and were evaluated for their personality 

profile using a comprehensive, reliable, and validated inventory to measure domains 

of personality, namely neuroticism, extraversion, openness, Agreeableness and 

conscientiousness and some of the important traits or facts that define each domain.  

Many personality characteristics differentiate burning mouth syndrome patients from 

controls according to the Neo PI-R.  They stated that psychotherapy could be initiated 

in BMS patients with psychological predisposing factors.  

 

XEROSTOMIA 

 Xerostomia or dry mouth is the abnormal reduction of saliva and can be a 

symptom of certain diseases or be an adverse effect of certain medications.  The 

causes of xerostomia include disease of the salivary glands such as Sjogren's 

syndrome, uncontrolled diabetes mellitus, radiation to the head and neck region, 

chemotherapy and a number of commonly used medications.  Injury to the head or 

neck can damage the nerves that are essential for the production and secretion of 

saliva by the salivary glands.  Occasionally, xerostomia may be subjective, with no 

evidence of altered salivary flow.  In these patients, xerostomia is often associated 

with psychological factor.61 

 

The clinical consequences of long standing xerostomia are increased 

frequency of caries (cervical caries), productivity toward acute gingivitis, dysarthria, 

dysphagia, dysgeusia, proclinity toward candidal infection,  burning tongue or 

depapillation of tongue, oral mucosal soreness, dry, sore, cracked lips and salivary 

gland enlargement.  

 

The investigations of xerostomia centers upon a series of clinical, radiologic 

and laboratory based tests.   Much can be elicited from the history and clinical  

examination alone, and on the basis of these and a knowledge of the possible causes 

of xerostomia, certain specific investigations can be undertaken to confirm the 

working diagnosis.  The investigation can be grouped under the following headings : 

hematology, biochemistry, immunology, imaging, histology and others.  
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The different local and systemic methods for the management of xerostomia 

are used.  

Brown C.C. (1970)62 stated the conditions like depression may induce feeling 

of oral dryness (Brown C.C. : the parotid puzzle, a review of the literature on human 

salivation and its application to psychophysiology.    

Costa P.T. et al (1980)63 studied the stimulated flow rate, pH, osmolality and 

eleven composition variables in 390 normal men and correlated against eight 

personality dimensions, flow rate, pH, osmolality, and eight of the eleven salivary 

components were significantly correlated with four personality traits : consciousness, 

shrewdness and introversion. (Paul T. Costa, Howard H. Chauncey, Charles L. Rose 

and Krichan K. Kapur : Relationship of parotid saliva flow rate and comparison with 

personality traits in healthy men.    

Bergdahl H., Bergdhal J., Johansson I. (1997)64 assessed depressive 

symptoms in 94 healthy subjects with normal flow rates for unstimulated and 

stimulated whole saliva but with a subjective sensation of a dry mouth was assessed 

by the Beck Depression Inventory (BDI) and compared with healthy age ) and gender 

matched controls.  The subjects with a subjective dry mouth condition were 

significantly more depressive and also had a significantly higher frequency of 

depressive symptoms.  Depression was found in 21.3% of the individuals with a 

subjective dry mouth sensation and in 3.2% of the controls.  The results of their study 

indicate that, in some cases, subjective dry mouth may be of psychological origin. 

(Bergdahl M., Bergdahl J., Johansson I. : Depressive symptoms in individuals with 

idiopathic subjective dry mouth.   

Bergdahl M. and Bergdahl J. (2000)65 studied 1202 individuals divided into 

3 study groups and controls.  In their study of salivary flow and oral complaints, 

individuals were randomly selected from the public dental health service registers 

representing 48,500 individually living in places with different sociodemographic 

structures in the countries of North of Sweden, which included 655 women and 547 

men.  They used Beck Depression Inventory.  The state-trait Anxiety Inventory and 

the General Perceived Stress Questionnaire for the assessment of depression, state-

��



trait Anxiety and General Perceived stress.  Subjective oral dryness and unstimulated 

salivary flow >0.1 mL/min were significantly associated with depression, trait 

anxiety, perceived stress, state anxiety, female gender and intake of antihypertensives.  

They found that age and medication seemed to play a more important role in 

individuals with hyposalivation, and female gender and psychological factors in 

individuals with subjective oral dryness.  

 

BENIGN MIGRATORY GLOSSITIS 

 [Erythema migrans, Geographic tongue, wandering rash of the tongue, 

erythema areata migrans, stomatitis areata migrans).  

  

 Erythema Migrans is a common benign condition that primarily affects the 

tongue.  It is often detected on routine examination of the oral mucosa. The lesion 

occurs in 1% to 3% of the population.  Females are affected more frequently than 

males by a 2:1 ratio. 

 

 Even though erythema migrans has been documented for many years, the 

etiopathogenesis is still unknown.  Some investigators have suggested that erythema 

migrans occurs with increased frequency in atopic individuals, thus raising the 

possibility that it represents a type of hypersensitivity to an environmental factor.  In 

addition, the lesions of erythema migrans in one female patient reportedly waxed and 

waned predictably with oral contraceptive therapy, suggesting  that hormonal factors 

may be relevant.66  

 

Clinical Features :  

 The characteristic lesions of erythema migrans are seen on the anterior two 

thirds of the dorsal tongue mucosa. They appear as multiple, well demarcated zones 

of erythema, concentrated at the tip and lateral borders of the tongue. This erythema is 

due to atrophy of the filliform papillae, and these atrophic areas are typically 

surrounded at least partially by a slightly elevated, yellowish white, serpentine or 

scalloped border.  

 Frequently, the lesion begins as a small white patch, which then develops a 

central erythematous atrophic zone and enlarge centrifugally.  Often patients with 

fissured tongue are affected with erythema migrans as well.  Some patients may have 
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only a solitary lesion, but this is uncommon. The lesions are usually asymptomatic, 

although, a burning sensation or sensitivity to hot or spicy foods may be noted when 

the lesions are active.  Only rarely is the burning sensation more constant and severe.  

 

 Very infrequently, erythema migrans may occur on oral mucosal sites other 

than the tongue.  In these instances, the tongue is almost always affected, however 

other lesions develop on the buccal mucosal, labial mucosa, and less frequently on the 

soft palate. These lesions typically produce no symptoms, and they can be identified 

by a yellowish-white serpentive or scalloped border that surrounds on erythematous 

zone.66 

 

Treatment and Prognosis :  

 Generally, no treatment is indicated for patients with erythema migrans.  

Infrequently, patients may complain of tenderness or a burning sensation that is so 

severe that it disrupts their lifestyle.  In such cases, topical corticosteroids, such as 

fluoroamnide or betamethasone gel, may provide relief when applied as a thin film 

several times a day to the lesional areas.  One uncontrolled study has recently 

suggested that zinc supplementation may be effective for symptomatic  erythema 

migrans.  

 

 Zegarelli DJ (1984)67 studied the burning complaint of each of 57 patients and 

psychogenesis was found to be the most frequent cause, followed by geographic 

tongue.  The purely psychogenic group was composed mostly of postmenopausal 

women. The tongue and palate were the most frequently affected sites. There was 

some similarity among patients in the geographic tongue and psychogenesis groups.  

 

 Hauf G. (1987)68 conducted a retrospective study of 64 patients with orofacial 

dysaestheisa. Special emphasis was laid on the patients symptoms and on the 

manipulative treatments they received before they were referred for psychiatric 

consultation. The patients had suffered from chronic orofacial pain or feelings of 

discomfort for periods ranging from 6 months upto to 25 years.  Their study clearly 

showed that psychiatric consultations were still seldom made in patients with chronic 

orofacial dysarthesia, that many patients had  mental disorder, and that most chronic 

psychosomatic pain disorders were treated as acute specific pain. 
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ATYPICAL FACIAL PAIN 

The term atypical orofacial pain, first used more than 60 years ago to describe 

a group of patients with an orofacial pain syndrome that did not conform to the 

standard anatomic or etiologic categories of facial pain and who responded poorly to 

the treatment, has often been sued as a designation for any chronic pain that responds 

poorly to the treatment (eg. Atypical chest pain).  

Atypical orofacial pain refers to pain that does not conform to recognized 

anatomic pathways in its distribution and hence includes orofacial pain that 69 

� Cannot be relieved by interruption of trigeminal, facial (accessory) or

glossopharyngeal pathways.

� Has no identifiable neuropathic, extraneural or central focus or

� Is associated with a potential pain producing focus but is out of proportion to

the focus or not strictly related to it in terms of recognized anatomic pathways

and physiologic mechanisms.

Many authors refer atypical orofacial pain as a grab-bag category or a poorly 

defined syndrome with multiple etiologies.  

Psychologic factors are also prominent in this group of patients, and it is 

difficult to distinguish the category of atypical facial pain clearly from what other 

authors may refer to as psychogenic or psychologic pain.69 

TMJ myofacial dysfunction, orofacial pain of vascular origin, and referred 

pains in the head and neck all show some resemblance to atypical facial pain, and this 

term was used on occasion to include these conditions.  

Atypical facial pain must be distinguished from atypical trigeminal neuralgia 

on the basis of the ability to respond to the symptoms of steady aching pain. Orofacial 

pain of neuropathic origin possess no one quality and may be either episodic as in the 

doulourux or a steady aching pain.  

Clinical Features :  

The feature that most commonly suggests a diagnosis of atypical facial pain is 

the patients inability to define a precise location and quality of the pain. The patient 
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 Patients with these atypical orofacial pain described other oral sensory 

problems such as burning, dryness, and taste aberrations. When these patients are 

followed for many years, one chronic oral symptom often replaces another with 

diagnosis and treatment of one time focused on pain and at another on suspected 

salivary glands disease and glossodynia.  

As a group, patients exhibiting the features of atypical facial pain (or 

psychogenic or somatoform pain) are frequently middle aged female (female : male 

ratio is 19:1), and have a long history of chronic facial pain or dysesthesia.  Most 

often, the pain is described initially as unilateral, although 20% to 35% patients, 

subsequently develop bilateral symptoms. The quality and location of pain are poorly 

defined and the patient often has recourse to symbolic language when attempting to 

characterize the pain verbally.69 

 

Paulson G.W. (1977)70 mentioned the use of antidepressant and psychotropic 
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state along with the emotional concomitants of the illness requires special attention.  

 

Maier C. and Hoffmeister B. (1989)71 suggested a more complete approach 

with 4 treatment modalities for the management of patients with atypical facial pain, 

which included Transcutaneous electric nerve stimulation (TENS), Sympathetic nerve 

block,  Drug therapy, and Psychotherapy . 

 

Reher P. and Harris M. (1998)72 mentioned that occlusal forces are less 

important in its etiology and psychological and biochemical factors are more 

recognized.  They also suggested that it is essential to take complete history including 

the psychological and social aspects in order to arrive at accurate diagnosis. 

  

 Viekers E.A., Covering M.J., Woodhose A.(1998)73 assessed pain  

description  and  intensity   ratings, gender differences, prevalence of concurrent 

conditions, and interinstrument relationships of the McGill pain center study in 120 

consecutive chronic orofacial pain patients. There were significantly higher total pain 
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scores of the McGill pain questionnaire in patients with multiple conditions as 

compared with  single condition.  

  

 Junpier R.P. and Glynn C.J. (1999)74 in their study on 83 patients have 

explained atypical facial pain as dull and unrelenting and its site ill defined.  They 

found that it generally affects younger people, with women predominating and 

sometimes difficult to distinguish this entity from psychogenetic or psychologic pain 

since most patients in this group also had a prominent psychologic factor.  They stated 

that rating scales should also confirm the existence of any anxiety or depression.   

 

Woda A., Pionohom P. (2000)75 et al found that the presence of 

psychological factors was a common feature, but it was not known whether these 

were causal or whether the pain induced the psychosocial problem.  

 

McNeil D.N. et al (2001)76 examined whether fear of pain, dental fear, general 

indices of psychological distress, and self-reported stress timely differed between 40 

orofacial pain patients and 40 gender and age matched control general dental patients.  

They also explored how fear of pain, as measured by the fear of pain questionnaire III 

relates to established measures of psychological problems in their sample of patients.  

Their results indicated that fear of pain and anxiety related distress broadly defined, 

were particularly elevated in orofacial pain patients relative to matched controls.  

 

ATYPICAL ODONTALGIA 

(IDIOPATHIC OR PHANTOM TOOTH PAIN) 

 Atypical odontalgia, and idiopathic odontalgia or periodontalgia, and phantom 

tooth pain describe tooth ache with no detectable causes (ie. Persistent pain in a single 

tooth or group of teeth that exhibits no abnormality on percussion, thermal or 

electrical diagnostic testing or radiographic examination). Characteristically, the pain 

is unaffected by endodontic therapy or extraction of the tooth and persist at the 

extraction site or moves to an adjacent tooth.  Like atypical facial pain, this diagnosis 

is usually made by exclusion , and in number of cases, the cause of previously 

unexplained pain becomes apparent with time. With an exception of the rather well-

localized character of pain, atypical odontalgia is difficult to distinguish from the 
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atypical facial pain and most authors assume it is a variant of atypical facial pain or 

psychogenic pain.69  

 Features shared by the two conditions include age distribution, female 

predominance, onset usually following a dental procedure with persistence of pain 

despite a variety of endodontic or surgical procedures, associated emotional and 

mental problems, and response to treatment with antidepressant medication.  

 An association between a history of migraine and atypical odontalgia has been 

reported and vascular spasm of alveolar blood vessels postulated as an alternative 

explanation.  The association with depression is far stronger in most series of cases, 

and classification of the condition as a form of atypical, psychogenic or somatoform 

facial pain seems better justified.  

 As with these conditions restorative, endodontic periodontal and surgical 

procedures should be avoided in atypical odontalgia unless clearly indicated by 

physical examination / or radiographic findings.   

 This is a variant of atypical facial pain or psychogenic pain since it also shares 

similar age distribution and female predominance with the latter.  It is described as a 

persistent tooth or teeth pain with no exhibiting abnormalities on percussion, thermal, 

electric diagnostic testing or radiographic examination and also responds poorly to the 

treatment.  The incidence of atypical odontalgia varies from 3-6% in general 

population as studied by Marbach J.J. et al with a female predominance.77  

 

 The average age for the patients with atypical facial pain is in the mid-forties 

but, has ranged from 20 to 82.    

 

 Bates Robert Edward Jr. and Stewart Carol Marie (1991)78 studied 30 

cases of atypical odontalgia and clinical characteristics of these cases were compared 

with other cases reported in literature.  The resulted pain could then be the result of a 

vascular mechanism, psychological aspects such as stress and/or emotional 

disturbance, or even damage or sensory nerve.    

 

 Schnurr R.F., Brooks R.I. (1992)79 studied 120 patients of atypical 

odontalgia which included women about 81% between the ages of 23 and 60. They 

stated that psychological disturbance may play a less significant role than initially 

thought and antidepressant medication as the treatment of choice for this condition.  
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 Graff-Radford S.B. and Solberg W.K. (1993)80 found that their findings 

failed to support psychological dysfunction as a primary condition associated with 

patients suffering form atypical odontalgia.   

 

 Nieolodi M. and Sicuteri F. (1993)81 have related the cause of atypical 

odontolgia to many factors, including psychological ones.    

 

 Lilly Jeffrey P. and Law Alan S. (1997)82 reported atypical odontalgia in 

among females in 74% to 100% of cases. They stated that, the mechanisms for 

atypical odontalgia include psychological, vascular and neural differentiation and the 

most effective reported treatments for atypical odontalgia were pharmacologic, with 

the drug of choice being tricyclic antidepressants.  

 

 Vickers E.R. et al (1998)83 in their study, evaluated 50 patients diagnosed 

with odontalgia by pharmacological procedures including topical anesthetic 

application and phentolamine infusion.  Each patient was diagnosed by the pain center 

oral surgeon in collaboration with other pain center personnel (pain specialist, 

psychologist, psychiatrist, physiotherapist). Early evidence based treatment of AO 

like long-term tricyclic antidepressant medication with adjunct psychological 

interventions were also tried.  Result of their pharmacological procedures suggested 

that atypical odontalgia was a neuropathic pain of the oral cavity that may have a 

component of sympathetically maintained pain.  

 

IDIOPATHIC DYSGEUSIA  

Definition :  

 Dysgeusia is defined as a persistent abnormal taste.  Dysgeusia is less 

tolerated than hypoguesia or hyposmia.  

 Most cases of dysgeusia are produced by or associated with an underlying 

systemic disorder such as radiation therapy to the head and neck region.  Trauma, 

tumors, or inflammation of the peripheral nerves of the gustatory system usually 

produce transient hypoguesia rather than dysgeusia.  In contrast, relatively common 

upper respiratory infections produce a temporary and mild dysgeusia in almost 1/3rd 
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of cases, although they seldom produce hypogeusia. CNS neoplasms predominantly 

produce dysgeusia.  

 

 The perception of a particular taste depends on its concentration in a liquid 

environment.  Hence, persons with severe dry mouth may suffer from both 

hypoguesia and dysgeusia.  In addition, more than 200 drugs are known to produce 

taste disturbances.  40% of persons with clinical depression complain of dysgeusia.  

 

 Affected patients may describe their altered taste as one of the primary ones, 

but many describe the new taste as metallic, foul or rancid.  The latter two are more 

likely to be associated with aberrant odor perception (parosmia) than with dysgeusia. 

The altered taste may require a stimulus such as certain foods or liquids, in which case 

the taste is said to be distorted.  If no stimulus is required, the dysgeusia is classified 
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 If an underlying disease or process is identified and treated successfully; the 

taste function should return to normal. For idiopathic cases there is no effective 

pharmacologic or surgical therapy. Idiopathic dysguesia is less of a problem for the 

patient, but tends to slowly become worse overtime.  

 

Steiner J.E. et al (1969)84 suggested that taste dysfunction was another 

accompanying complaint along with idiopathic xerostomia and also has been 

considered a manifestation of depression.  

 

Deems D.A. et al (1991)85 agreed on the fact that depression frequently 

accompanies chemosensory distortion.   

 

 Mott A.E. et al (1993)86 stated that clinically significant taste loss was less 

common than abnormal taster (dysgeusias) and both were caused by a previous viral 

upper respiratory infection, head trauma, iatrogenic causation, neurologic or 

psychiatric disorders, toxic chemical exposure, systemic conditions, xerostomia, 

severe nutritional deficiency and some oral or dental disorders.    

 

Osaki T. et al (1996)87 investigated 14 patients with abnormal taste sensation 

(dysgesia) and found that abnormal taste sensation may be induced by many oral and 
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systemic disturbance. They found that the treatment of depression on many occasions 

reduced the severity or completely eliminated these subjective complaints.  

 

 

ACUTE NECROTIZING ULCERATIVE GINGIVITIS (ANUG)  

 Description of acute necrotizing ulcerative gingivitis (ANUG) have been 

recorded of hundreds of years, and the disease has been assigned a multitude of 

names.   
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Persia; were plagued with sore, ulcerated and foul smelling mouths.  John Hunter in 

1778 is credited with making the first clinical differential diagnosis between gingival 

lesions now recognized as representing ANUG and the oral symptoms of scurvy.   
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tenderness, bleeding and ulceration over the inflamed gingiva.  Hirschfield et al cited 

Bergerom, who, while serving with French troops in 1859, also described a similar 

disease with both acute and chronic forms.  Hirschfeld in 1886, added the diagnostic 

features of ropy saliva, enlarged submaxillary lymph glands, fever and malaise to the 

already known pathognomonic signs of fetid breath, bleeding gums, painful gums and 

pseudomembraneous ulcers.88 

 

 Acute necrotizing ulcerative gingivitis is an endogenous oral infection that is 

characterized by necrosis of the gingiva.  
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because of its prevalence in the combat trenches, and it was incorrectly considered a 

highly contagious disease.  The organisms most frequently mentioned as working 

symbiotically to cause the lesions are the fusiform bacillus and spirochetes.  

 

 Classic ANUG in patients without an underlying medical disorder is found 

most often in those between the ages of 16 and 30 years, and it is associated with 3 

major factors.  
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1. Poor oral hygiene with pre-existing marginal gingivitis or faulty dental 

restorations.  

2. Smoking 

3. Emotional stress  

Systemic disorders associated with ANUG are disease affecting neutrophils 

(such as leukemia or aplastic anaemia), marked malnutrition, and HIV infection.  

Malnutrition associated cases are reported from emergent countries where the 

untreated disease may progress to noma, a large necrotic ulcer extending from the oral 

mucosa through the facial soft tissues.89 

 

CLINICAL MANIFESTATIONS :  

 The onset of acute forms of ANUG is usually sudden, with pain, tenderness, 

profuse salivation, a peculiar metallic taste, and spontaneous bleeding from the 

gingival tissues.  The patient commonly experiences a loss of the sense of taste and a 

diminished pleasure from smoking.  The teeth are frequently thought to be slightly 
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lightly movable.  The signs noted most frequently are gingival bleeding and blunting 

of the interdental papillae.  

 

 The typical lesions of ANUG consists of necrotic punched out ulcerations, 

developing most commonly in the interdental papillae and the marginal gingivae.  

These ulcerations can be observed most easily on the interdental papillae, but 

ulceration may develop in the cheeks, the lips and the tongue, where these tissues 

come in contact with the gingival lesions or following trauma.  Ulcerations also may 

be found on the palate and in the pharyngeal area.  When the lesions have spread 

beyond the gingivae, blood dyscrasias and immunodeficiency should be ruled out by 

ordering appropriate laboratory tests, depending upon associated signs and symptoms. 

The ulcerative lesions may progress to involve the alveolar process with sequestration 

of the teeth and bone when gingival hemorrhage is a prominent symptom, the teeth 

may become superficially stained with a brown color, and the mouth odor is 

extensively offensive.  

 

 Pindborg J.J. (1951)90 examined 9577 men in the Danish defence forces, and 

concluded that after some months of service, there was a considerable increase in the 
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number of  ANUG cases. Grupes H.E. and Wilder L.S. (1956)91reported that 

ANUG was present in 2.2% of a newly inducted army personnel population.  The 

coincidence of ANUG with nail biting suggested a psychosomatic etiological factor. 

 Giddon D.B. et al (1963)92 in his epidemiological study of a University 

population, reported that the monthly prevalence of ANUG appeared to have some 

relation to situational factors such as academic examination or vacation periods. 

Formicola A.J. et al (1970)93 investigated personality traits of student naval aviators, 

who were undergoing preflight training.  Comparing students with ANUG with a 

healthy control group they found a significant positive correlation between dominance 

and ANUG, and a significant negative correlation between abasement and ANUG.  

The investigators suggested that suppression of dominance during military training 

could create emotional disturbance and a subsequent increase in ANUG incidence for 

a dominant type of individual. Cohen Cole S.A. et al (1983)94 investigated the role of 

psychosocial factors and immunosuppression in ANUG.  Initially 35 patients showing 

ANUG and 35 controls, matched for age, sex and dental hygiene, completed rating 

questionnaires, gave blood for tests of immune and edocrine function and collected 

overnight and spot urine.  Compared to controls the patients with ANUG were in 

more state of anxiety before disease revolution, while trait anxiety was high both 

during ANUG and after its resolution.  

 

 Johnson B.D., Engel D. (1986)88 suggested that stress, associated with the 

disease, play a role through induction of increased cortisol and catecholamine levels.  

They stated that the treatment modalities should involve attempts at controlling 

significant psychological and other physical factors.  

 

      Da-Siva-A.M. et al (1995)95 suggested  that emotional stress was one of the  

predisposing factors to ANUG.They also stated that psychological factors may be 

involved in the etiology of inflammatory periodontal diseases, which in turn would 

relate to clinical management of these conditions. 

 

INFLAMMATORY PERIODONTAL DISEASE  

 The aetiology of inflammatory periodontal disease is complex.  There are 

many processes at work, and probably, no single one of these is the causative factor in 

all cases.  The aetiological significance of biological and behavioural risk factors, 

��



including systemic conditions, smoking, oral cleanliness and age, has been 

demonstrated.  

 

The bacteria are the triggering agents, but host defence mechanisms within the 

gingival / periodontal tissues seem to be responsible for most of the tissue damage and 

for the outcome and progression of the disease.   

 

 However, a significant proportion of the variation in disease severity cannot be 

explained taking only these factors into consideration.  The remaining variance, at 

least in part, may be explained by important psychosocial factors. Seymour (1991) 

presents a model of chronic inflammatory periodontal diseases in which genetic 

factors divide the population into susceptible and non-susceptible individuals.  In 

general, the periodontal tissues of susceptible individuals are in balance with their oral 

flora and any lesion of the periodontium is present in its stable form.  Progressive 

disease results when this balance is disrupted, and this may involve a depression of 

immune responsiveness as a result of factors such as physical and mental stress 

(Ballieux 1991).  

 However, if those patients resistance is lowered by their inability to cope with 

stressful life events, then overt inflammatory periodontal disease may be manifested. 

Several workers in the field have pointed out a possible association between 

psychological factors and inflammatory periodontal disease on the basis of their 

clinical observations96 
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Moulton R. et al (1952)97 reported that severe cases of ANUG were preceded by 

acute anxiety arising from a conflict about dependency and/or sexual needs.  In 

addition, severe chronic periodontitis cases presented (i) a background of 

longstanding, less acute conflict, mainly related to dependency needs, and (ii) 

significant marital conflict and psychosomatic symptoms.  

 

Baker E.G. et al (1961)98 found significant correlations between periodontal 

status and such factors as age, broken home, marital adjustment, hysteria scores and 

somatization (the tendency to develop psychogenic physical complaints or 

psychosomatic disorders).  

 

 Davis C.H. and Jenkisn D. (1962)99 investigated possible associations 
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again in psychiatric patients.  They found that anxiety was significantly correlated 

with periodontal index.  

 

 Vogel R.I. et al (1977)100 evaluated possible relationships between 

neuroticism/introversion and inflammatory periodontal disease / plaque scores in 50 

subjects registering for treatment at a dental school clinic.  Significant correlations 

were found between introversion and plaque, and between introversion and 

inflammatory periodontal disease as measured both clinically and radiographically.  

There was also a significant correlation between neuroticism and radiographic 

measures of inflammatory periodontal disease.  

Infection 

Prostaglandins & 
proteases 
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 Ludenia K. and Donham G.W. (1983)101 examined the relationship between 

health locus of control and the following variable : age, depression, trait anger, trait 

anxiety, and dental ratings of oral hygiene and inflammatory periodontal disease using 

the multidimensional health locus of control scale (NHLC).  They found that trait 

anxiety, depression and trait anger were correlated negatively and significantly to 

health internality.  

 

 Green L. et al (1986)102 investigated 50 male veterans for gingival and 

periodontal pathology, stressful life events and somatic symptomatology.  A 

significant association was evident between life events stress and periodontal status.  

 

 Mareenes et al (1993)103 investigated possible associations between eight 

specific negative life events and self reported oral symptoms, namely, toothache or 

trouble with the gums.  After the authors adjusted for the other variables studied, 

marital or family problems remained significantly associated with self reported acute 

and chronic oral symptoms.  

 

 Breivik T. et al (1996)104they suggested that emotional or psychological load 

(stress) influence immune activities directly via nerve messenger substances or 

indirectly via neuroendocrine substances (Hormones).  

 

 Monterio da Silva A.M. et al (1996)105 Investigated more formally possible 

associations between a number of relevant psychosocial factors and RPP. The 

significance of the psychosocial variables was assessed by comprising 3 groups : 50 

patents with RPP, 50 patients with routine chronic adult periodontitis (RAP) and 50 

patients without significant periodontal destruction (controls).  It was anticipated that 

the RPP group could show higher levels of psychosocial malalignment than the RCAP 

and control groups.  2 psychosocial factors, depression and loneliness were significant 

in distinguishing between groups. The RPP group significantly increased depression 

and loneliness compared to the RCAP and control groups.  

 

Hildebrand H.C. et al (2000)106 reviewed studies that investigated the 

association between psychological stress and periodontal disease.  They found that  
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psychological stress represents a risk indicator for periodontal disease and should be 

addressed before and during treatment.  

ORAL PSORIASIS 

Psoriasis is a chronic inflammatory skin disease affecting 10% of the 

population and making its first appearance generally in the second and third decades 

of life.  

Dark skinned persons are seldom affected.  The cause of the disease is 

unknown, but stresses and anxiety as well as winter weather, may increase its 

severity.  

Clinically, it is characterized by the presence of popular squamous lesions, 

their sizes varying from a few millimeters to large plaques.  Itching is a common 

feature and the elimination of the plaques may result in tiny bleeding points referred 
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exacerbations.  

Since the existence of oral lesions is a controversial matter, it has been 

suggested that the diagnosis of oral psoriasis should be conditional upon parallel skin. 

Manifestations of the disease and HLA typing.  It is of relevance that psoriatic 

patients have a higher tendency  for a number of oral pathological conditions such as 

geographic and/or fissured tongue ectopia geographic tongue, gingivitis and 

periodontitis. 107 

Devrimci � Ozguven H. et al (2000)108 examined 50 psoriasis patients, 

dermatologically and psychiatrically. Psoriasis patients reported significantly higher 

degree of depression than controls. In addition, the risk for developing psoriasis 

increased significantly in patients with moderate and severe depression.  They also 

found a relationship between symptom severity and low affective expression.  

Naldi L. et al (2001)109 studied patients with a finer diagnosis ever of acute 

gustate psoriasis, made by a  dermatologist.  Controls were patients newly diagnosed 

as having dermatologic conditions other than psoriasis.  Inclusion of cases and 

controls was restricted to patients older than 16 years.  The Holmes and Rahe Social 
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Readjustment Rating Scale was used to assess stressful life events during the 6 

months before diagnosis.  A total of 73 cases (Median age 26 years) and 430 controls 

(Median age, 28 years) were included in the analysis. It was documented that the 

strong association between gattate psoriasis and a family history of psoriasis. The 

study added evidence to the belief that stressful life events may represent risk factors 

for the onset of psoriasis.  

 

 Garg A. et al (2001)110 stated that a large number of skin diseases including 

atopic dermatitis and psoriasis, appear to be precipitated or exacerbated by 

psychological stress.  They investigated 27 medical dental, dental and pharmacy 

students for relationship between psychological stress and epidermal permeability 

barrier function, without coexistent skin disease.  Their psychological state was 

assessed with the perceived stress scale and the profile of blood states.  They found 

that stress-induced derangements in epidermal function as precipitations of 

inflammatory dermatoses.  

 

 Perrott S.B. et al (2000)111 studied 58 men and 43 women  living with 

psoriasis by completing questionnaires assessing quality of life and feeling of 

stigmatization.  Physician ratings of disease severity were used in conjunction with 

these variables to account for psychosocial impact.  Results showed that ratings of 

severity were poor predictors of quality of life and stigmatization.  It was concluded 

that attempts to understand the psychological impact of psoriasis in terms of current 

measures of disease severity and demographic characteristics were limited.  

 

 Onder M. et al (2000)112 investigated skin problems of 117 musicians 

working in a professional orchestra.  The results of their survey suggested a 

significant incidence of occupational and stress-related skin problems in muscious 

such as hyperhydrosis, lichen planus, psoriasis, seborrheic dermatitis and urticaria.  It 

was thought that emotional factors exacerbated their problems.  They also discussed 

importance of psychiatric consultations in dermatological problems.  

 

TEMPOROMANDIBULAR JOINT DISORDERS 

 Temporomandibular joint disorders, is an all inclusive term referring to a 

heterogeneous group of psychophysiological disorders with the common 
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characteristics of orofacial pain, masticatory dysfunction and both. The  primary 

symptoms of TMD are preauricular pain, limited mandibular functioning and joint 

sounds (such as clenching, popping or grinding).113   

 

 It is reported that TMD is a female disease with female to male ratios ranging 

from 3:1 to 6:1. 114    

 

 Women tend to seek care more often than do men because of 

psychophysiological stress.  This may result from higher stress hormone levels and 

the presence of estrogen receptors that are absent in men.115  

 

 Greene C.S., Olson R.E. and Laskin D.M. (1982)116 reviewed the 

psychologic factors like stress, anxiety and depression in etiology, progression and 

treatment of MPD syndrome.  They concluded that although psychological factors 

were coexistent with MPD syndrome, their etiological role could not be confirmed, 

and no one personality profile necessarily predisposes development of MPD 

syndrome, but the disorders were perpetuated by psychological factors.  

 

Eversole L.R., Stone C.E., Matheson D. et al (1985)117 conducted 

psychometric, study to compared the subgroups of temporomandibular patients i.e. 

TMD with internal derangement, myofascial and myogenic facial pain (MFP), and 

atypical facial pain, myofascial and myogenic facial pain (MFD).  Using the 

Minnesota Multiphasic personality inventory (MMPI) as their primary psychometric 

measures, they found that MFP and AFP groups had more extensive 

psychopathology.  

 

 Goss Alastair N. et al (1985)118 in their retrospective study of a pain clinic 

population found 43 patients who had pain in the TMJ region.  The clinical 

presentation of these patients did not differ  greatly from that observed with typical 

response.  They found that there was  high incidence of major psychiatric problems in 

the past histories (30%) involving length in patient treatment.  

 

Ronald Attonario (1991)119 postulated that diverse conditions such as marked 

depression, hysterical conversion, psychosis, obsessional neurosis, anxiety disorders, 
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stress, loss and learned pain behaviour are all implicated in TMD. They also stated 

that function of TMJ patients with myofascial pain dysfunction, commonly 

considered a stress related illness.  (Ronald Attanasio : Physiologic considerations in 

TMD, A Biopsychosocial view of symptom formation.  Temporomandibular 

Disorders and orofacial Pain.  DCNA. January 1991, vol.35, No.1.)  

 

 Tuersky J. et al (1991)120 assessed the role of a depressive illness in the 

outcome of the treatment of patients with TMJ pain ) dysfunction syndrome.  One 

group was considered psychiatrically normal and the other had a concurrent 

depressive illness. The latter group was subdivided equally to produce 3 treated 

groups.  One undergoing occlusal splint therapy, one receiving antidepressant 

medication, and 3rd having a combination of occlusal and antidepressant therapy. The 

results showed clearly that there was a significant difference in response in the 

nonpsychiatric and combined therapy in comparison with the two depressed groups 

treated either with occlusal splint or with antidepressant therapy.  

 

 Zach and Andreason (1991)121 compared the psychological profiles of 98 

patients with signs and symptoms of temporomandibular disorders with a control 

group having no signs and symptoms of such disorders.  They used the crown crisp 

experimental index (a 48 item self-administered questionnaire) and found that TMD 

patients were more anxious than their normal counterparts.  Low scores were noted 

for TMD patients in the profile of hysteria.  The authors formed an opinion that this 

could be a reflection of TMD patients perception of their "locus of control".   

 

 Dworkin S.F. (1994)122 conducted a series of studies examining the course of 

TMD pain in relation to diagnosis, clinical signs and the level of psychosocial 

function.  They assigned a clinical TMD diagnosis using the published diagnostic 

criteria of Eversole and Machado of 232 clinical cases referred for TMD treatment. 

They emphasized the multidisciplinary treatment and self management approaches 

that focus on the cognitive thought processes and behaviours that influence subjective 

symptom.  

 

 Phillips Jennifer M. et al (1994)123 assessed 233 patients (161 women, 72 

men) with acute TMD symptoms with a battery of biopsychosocial measures.  
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Patients were diagnosed as having TMD on the basis of research diagnostic criteria or 

RDC for TMD.  Women who developed chronic TMD exhibited significantly more 

psychosocial distress and impairment than  women who did not develop chronic 

TMD. Men who developed chronic TMD differed significantly from men who did not 

develop chronic TMD.   

 

 Morris S. et al (1997)124 studied 97 patients from a potential 138 patients 

satisfying the diagnostic criteria for PDS (pain Dysfunction syndrome).  Patients were 

assessed with a range of socio-demographic, dental and psychosocial measures 

including a psychiatric interview.  Patients with PDS and a mental disorder were 

compared with those without a mental disorder.  Among 97 patients, 32 (33%) had a 

mental disorder.  They observed that those with a mental disorder complained of more 

pain associated with PDS.  

 

 Pankhurst C.L. (1997),125 postulated that among individuals with TMD, 

myogenic patients have increased severity of pain and suffer enhanced psychological 

distress.   

 

 Turk C.Dennis et al (1997)126 suggested that several psychosocial and 

behavioral factors, in addition to physical pathology, play a role in  pain and 

disability.    

 

 Goldstein H., Burton (1999)127 stated that a variety of physical and 

psychologic factors are implicated in chronicity such as oral habits, radiographic 

changes, secondary gain, coping skills, and higher levels of pain and disability on 

specific psychologic tests. They also stressed that a wide range of associated factors 

including depression, anxiety, and gum chewing may propagate TMD symptoms on 

the basis of physical, emotional and/or neurobiologic factors.  Pain, muscle tension, 

head ache, and chronic pain in the head, neck and jaws predispose to TMD via 

neuroanatomical and neurobiologic mechanisms.  They recommended that prognosis 

should be assessed by behavioral / psychologic assessment  

 

 Kight M., Gatchel R.J., and Wesley L. (1999)128 analysed the data of 277 

acute and chronic temporomandibular disorder patients to determine if there was a 
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relationship between psychological and physical diagnosis.  A significant relationship 

existed among muscle disorder and considered part of current mood disorder, 

personality disorder, combined current mood, anxiety, or substance use disorder.  

Psychopathology was significant in muscle disorders as compared to disc or joint 

disorders.   

 

 Rollman G.B. and Gillespie J.M. (2000)129 stated that strong emphasis 

should be placed on psychosocial variables in both assessment and management of 

TMD patients.    

 

Auerbach S.M. et al (2001)130 investigated the role  of psychological factors 

in TMD.  Orofacial pain patients pretreatment levels of depression, disability caused 

by pain, and exposure to stressful life events were measured and differences on these 

variables between patients with TMJ disease  and those with pain of muscular origin 

were evaluated.  Before undergoing treatment 258 patients were administered the 

Beck depression, Inventory (BDI), the pain disability index (PDI) and the social 

readjustment rating scale (SRRS).  Follow-up data on pain disability, current level of 

pain, depression and satisfaction with treatment were obtained on 48 of these patients 

who were contacted at varying intervals after completing treatment.  They concluded 

that the findings were consistent with previous research indicating a link between 

emotional dysfunction and TMD and were largely supportive of the conclusion that 

psychological factors play a more pronounced role when pain was of muscular origin.  

 

 List T., Wahlund K., Larsson B. (2001)131 examined the influence of 

psychosocial functioning and dental factors in adolescents with TMD and compared 

them with healthy subjects.  They found that psychosocial factors  such as increased 

levels of stress, somatic complaints and emotional problems  played a more prominent 

role in adolescents with TMD than the dental factors.   

 

Ferrando Maite et al (2004)132 analyzed 425 patients for the psychological 

variables of distress, personality, and coping that are related to the diagnosis based on  

the Research Diagnostic criteria for TMD. The MANCOVA (Multiple Analysis of 

Variance) between the muscular, articular and control groups showed that the 

muscular group differed from the control group, in having higher levels of distress, 
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anxiety, and depression, and minor use of positive reinterpretation and humor as 

coping strategies.  The articular group also showed higher distress, less positive 

reinterpretation and a lower interest in the search of instrumental social support than 

control group. The coping predictor of distress in both TMD groups was behavioural 

disengagement, however, the personality predictors differed.  Neuroticism and 

depression were present in the muscular group, whereas conscientiousness and self-

discipline were in the articular group.  

 

BRUXISM 

 Bruxism is the term applied to either the static or dynamic contact or occlusion 

of the teeth at times other than for normal functions such as mastication or 

swallowing.  It is therefore considered a parafunctional habit.  It usually occurs 

unconsciously and spontaneously and may be repetitive at varying intervals.  It is 

practiced almost universally, usually during sleep, either biometrically (clenching) or 

isotonically (grinding).  Because of its necessary relation to the occlusion it has the 

potential for being responsible for more dentally related problems than any other oral 

habit.  For the habit to occur, psychologic, muscular, and dental factors are necessary.  

 Bruxism has been shown to be linked to psychological stress s a necessary 

component.  While mental tension provides the spark for the initiation of this habit 

and the fuel for its continuation, the original source of this energy comes from the 

genetically determined drives and needs of the individual.  Other causes such as 

systemic disease (epilepsy) and local factors (high restorations) have been implicated, 

but their relation to psychological tension should be obvious.  

 Since the mouth is the means of receiving food and the earliest means of 

exploring the environment, it is intimately tied to emotions such as satisfaction, 

frustration, anxiety and anger.   
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development. The life drive and the need to aggress the two forces operating in the 

child are both part of the habit of bruxism.  

 

 Pierce CJ, Chrismas K, Bennett ME, Close JM (1995)133 examined the 

relationships between electromyographic measured nocturnal bruxism, self-reported 

stress, and several personality variables and the relationship between belief in a stress-
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bruxism relationship and self-reported stress.  100 adult bruxers completed a battery 

of personality  questionnaires indicated whether they believed in a stress bruxism 

relationship, presented for a dental examination, and had dental impressions taken. 

Subsequently electromyographic measurements of bruxing frequency and duration 

were recorded for 15 consecutive nights.  Correlations between electromyographic 

measures and self-reported stress were statistically significant for eight individual 

subjects. Further, subjects with high levels of stress reported more anxiety, irritability 

and depression, and less denial.  Subjects who believed in a stress bruxism 

relationship reported greater stress.  

 

 Hagberg C, Hagberg M, Kopp S. (1994)134 compared general 

musculoskeletal symptoms and emotional stress situations in terms of psychosocial 

stresses at work and sleeping disturbances between patients craniomandibular 

disorders (CMD) (56 women, 24 men) and a random population sample (88 men, 86 

women in the Stockholm music study).  A multiple choice questionnaire was used.  In 

comparison with the CMD men the CMD woman had an increased rate of tooth 

clenching and muscular pain in the face.  The CMD men differed in reporting higher 

scores for psychologic demands at work and also in having more sleeping 

disturbances.  

 

 Thompson BA, Blount BW, Krumholz TS (1994)135 stated that bruxism, or 

the grinding and clenching of teeth, occurs in approximately 15% of children and in 

as many as 96% of adults, because of its nonspecific pathology, and may be difficult 

to diagnose.  In addition to complaints from sleep partners, signs of teeth grinding 

include masticatory pain or fatigue, headaches, tooth sensitivity and attrition, oral 

infection and temporomandibular joint disorders.  They suggested adults may be 

managed with stress reduction therapy, alteration of sleep positioning, drug therapy, 

biofeedback training, physical therapy and dental evaluation.    

 

 �
	����� �� � !����"�� #$� ������136 randomly selected adults from a 

periodontal practice to participate in research to determine whether the personality 

traits of people who chronically brux (were examined by the periodontist, who 

determined which were chronic bruxers grind their teeth) diverge significantly from 

the personality traits of those who do not do so. All participants completed a 
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personality questionnaire and out of which  28 of the men and 46 of the women were 

diagnosed as bruxers.  Their personality trait scores differed significantly from those 

of the non bruxers.  In general, and regardless of gender, chronic bruxers were found 

to be shy, stiff, cautious and aloof, preferring things rather than people, avoiding 

compromises, rigid in their ways, affected by feelings of inferiority, impeded in 

expressing themselves, apprehensive, and given to worrying.  

 

 Biondi M, Picardi A. (1993)137 formed an opinion that temporomandibular 

joint pain dysfunction (TMJPD) syndrome and bruxism have a major psychosomatic 

component.  They reviewed these entities in an integrated manner, both medical and 

psychological aspects.  Two etiological models have been developed; the structural 

model emphasizes the role played by malocclusion or alterations of the 

maxillomandibular relationship, while the functional model underscores the role of 

stress, emotional tension, and personality characteristics. They concluded that 

treatment strategy can also be based on psychotherapeutic and relaxation treatment.  

 

 Pingitore G, Chrobak V, Petrie J. (1991)138 investigated whether the 

combination of physical abnormalities, type A behaviour pattern, and the perceived 

desirability and controllability of life stress are related to bruxism. Study included 125 

dental patient who were classified as bruxers or non bruxers by a licensed dentist and 

who completed two measures, the Jenking activity survey, and a modified version of 

the Holmes and Rahe life events scale.  The linear combination of physical 

abnormalities, type A behaviour and stress was significant, and suggested that it was 

the best predictor of bruxism.  

 

 Restrepo, Alvanez E, Jaramillo E, Velez C, Valencia I. (2001)139 studied 4 

main causes of bruxism, high anxiety level, malocclusion, TMD and oral habits.  

 The aim of their study was to investigate the effectiveness of psychological 

techniques in children with bruxism. A total of 33 children, 3-6 years of age with 
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more TMJ disorders registered in the Bernal and Tsomtstsouris examination, were 

selected from 188 children.  Two psychological techniques, directed muscular 

relaxation and competence reaction, were applied for 6 months. The results were 
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analysed with a Wilcoxon rank sum test.  They concluded that psychological 

techniques were effective in the reduction of signs of bruxism in children with 

primary teeth.  

CANCEROPHOBIA 

The term phobia, which comes from the Greek word for fear, denotes a 

number of psychological and physiological conditions that can range from serious 

disabilities to common fears to minor quirks.  

It is a persistent fear in patients that they have controlled oral cancer.  These are 

usually well  real educated patients, who constantly change their tooth pastes, often 

use a multitude of mouth washes and are in general very finely about the oral hygiene, 

but at the same time they go from dentist to dentists seeking reassurance that all is 

fine. This has been noted to be associated with depression.  It is a type of 

monosympathetic hypochondrical psychosis (MHP), which is a chronic disorder 

characterized by a single hypochondrial illusion, a false, unshapable belief which is 

out of keeping with the individuals social and cultural background and is not 

amenable to reason.  

There are two subtypes which are of relevance to dentistry. First is phantom 

bite syndrome, the patient holds the illusional belief that his / her dental bite is 

abnormal and the other is dysmorphophobia present with delusic that some part of 

their jaw or face is deformed.  They believe that this deformity is noticeable to others, 

despite evidence to the contrary and blame it for all problems in their life. The 

monograph of such patient including exclusion of organic disease and any other 

primary psychiatric disease. Referred to a psychiatrist is helpful.  Patients who do not 

respond to psychological causality may be need Pinozide, a dopamine antagonist. The 

daily dose varies from 2 to 12 years and is best given in many as it may cause 

insomnia.  

Remion RA and Blasberg B (1985), Yontchev E et al (1986), Grosky DMD et 

al (1991) reported cancerophobia to be a frequent finding in patient with atypical 

facial pain, glossodynia and burning mouth syndrome. It is a persistent fear in the 

patients mind that they have contracted oral cancer. There are usually well read, 

educated patients who constantly change their tooth pastes, often use a multitude of 
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mouth washes and one in general very finicky about the oral hygiene, but at the same 

time go from dentist to dentist seeking reassurance that all is fine. This has been noted 

to be associated with depression.  

Gorsky Meir (1991)140 studied clinical characteristics and treatment responses 

in 130 patients with burning mouth syndrome.  Most patients were post menopausal 

women, and the tongue was the most frequently afflicted site.  Although 395 of the 

patients complained of dry mouth, no causative factors were evident.  Therefore BMS 

is assumed to be a functional disorder.  This was at least partially confirmed because 

the most effective management was in response to moods ) altering drugs.  

In their study, they confirmed previous observations of the primary recurrence 

in postmenopausal women, the tongue as the most frequent site, and lack of evident 

causative systemic explanation.  Although about 1/3rd benefited from salivary gland 

stimulation with a sialogogue, most patients did not benefit.  Because causative 

organic factors have not been consistently identified, it is assumed that BMS, atleast 

in most patients is a functional disorder entailing psychologic, emotional and 

neurologic dysfunctions.  

Yontchev Eutim et al (1986)141 studied 113 patients with facial and general 

complaints which they assumed were caused by metallic dental restorations and/or 

oral galvanic cements.  An extensive case history was taken by means of a 

questionnaire and an interview and results showed that patients presented with 

varying oral and general symptoms.  It is probable that many general factors, besides 

oral findings, alone or in causation, eg. general health problems, sided effects of 

medication, psycho-social problems,  including stressful life events, and 

complications due to the chronicity of pain, may be associated with the oral and 

general complaints of these patients.  

Creagon ET (1999)142 reviewed of the relationship between psychosocial, 

emotional and attitudinal factors and aggravation of malignancy.  They left the debate 

open with a note that the strong effect of emotions on different medical conditions 

cannot be ignored.  
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Rogers SN et al (1999)143 have determined that endentulous patients after 

cancer treatment have more psychological disturbances and they may complicate 

compliance with prosthetic appliances.  

Bocca M. et al (1999)144 in their study of 28 oral cancer patients found almost 

all subjects revealed the presence of anxiety symptoms and 60% of subjects were 

affected by minor depression. Many patients exhibited loss of interest in family, job 

and sex.    

           Malt UF et al (1997)145 have mentioned 99 patients who felt that dental 

amalgam was causing multiple somatic symptoms.  This study revealed that 62% of 

them suffered from chronic anxiety disorder and 47% suffered from major depression 

as compared to none in 93 of alternative group.  

Eating Disorders : (Aronexia Nervosa / Bulemia): 

Eating disorder should be considered in the differential diagnosis of 

unexplained occlusal and palatal enamel erosion,particularly in younger female 

patients.  

Self induced vomiting is a frequent problem in patients with morbid fear of 

obesity, so it may be present in anorexia nervosa and is of diagnostic significance in 

bulimic nervosa, when the patient enters the cycle of binge eating and vomiting. 

Persistent vomiting may lead to enamel erosions and attrition through the effects of 

gastric juice. Females outnumbered male by 16 to one. In addition to binge eating a 

purging the bulimic patient may engage in alcohol or drug abuse, shaphlifiting, 

promiscuity, and aberrant sexual practices.  

Pathological avoidance of food where the subject  has a delusional body image. 

Characterized by extreme loss of weight (15%), abnormal attitudes towards food, 

distorted body image with morbid fear of fatness. Common in females of adolescence 

Etiology: 

Psychodynamic theories: means of avoiding maturation or as a means of acquiring 

independence and/or a sense of achievement, through strict control of diet and weight. 

Cultural theories : social and media pressures urging women to be slim and diet-

conscious 

Clinical features: 
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Loss of weight by dietary restriction, self induced vomiting, laxatives or excessive 

exercising. 

Disturbance of fluid or electrolyte imbalance.Bone fractures secondary to 

osteoporosis.  

� Bulimia nervosa, described by Russell (1979)

� Powerful and intractable urges to overeat

� Efforts to avoid the fattening effects of food by inducing vomiting or abusing

purgatives

� Morbid fear of fatness

� Bouts of eating vast quantities of food (bingeing) occur in response to an

uncontrollable psychological urge. Self-induced vomiting often follows such

episodes.

Oral manifestations: 

Mucosal lesions- atrophic glossitis, erythematous lesions on the palate, glossodynia 

Periodontal ) poor oral hygiene, gingival inflammation and predisposition to 

periodontitis 

Vitamin C deficiency leads to gingival bleeding, ulcerations and tooth mobility 

Teeth- dental erosion, increased caries incidence, dental sensitivity to episodes of 

pain 

Salivary- swelling of major salivary glands (sialadenosis), necrotizing 

sialometaplasia 

Increased predisposition to opportunistic infections 

Treatment:  

Psychotherapy:  psychodynamic psychotherapy, family therapy, behavioral therapy, 

and group therapy.  

Pharmacotherapy: 

� Hospitalization if weight loss becomes severe

� Fluoxetine  (20-60 mg per day)

� Imipramine (Tofranil) or desipramine (Norpramin) at a low dosage (50 mg per

day),

increasing by 50-mg increments every 3-4 days, to a daily dose of 150 mg

FACTITIOUS ULCERATION OR STOMATITIS ARTEFACTA 
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� Self Injurious Behaviour (SIB) is a deliberate harm to the body without

suicidal intent which may occur with a series of psychiatric disorders,

development deficiencies or syndromes.

� Consists of repetitive movements that produce tissue damage and may be

observed in normal or mentally impaired individuals

� Prevalence is 750 per 100,000

� 7.7% to 22.8% in mentally disabled

� Oral structures such as gingiva, oral mucosa, tooth support structures, or teeth

are affected.

Consists of : 

� Putting fingernails or foreign objects in the gingival sulcus, digital pressure on

oral structures or biting of tissue.

� Factitial gingivitis,

� Factitial periodontitis,

� Factitial ulcer,

� Self-extraction

� Wide areas of peeling, macerated, hyperkeratinized epithelium of the buccal

mucosa

Classification of self inflicted injuries (Stewart and Kernmohan) 

       Type Description 

Type A       Injuries superimposed upon pre-existing lesion 

Type B        Injuries secondary to another established habit 

Type C        Injuries of unknown and/or complex aetiology 

Theories proposed: 

Biological theory: expression of an underlying genetic defect that may produce 

alteration of neurotransmitters 

Functional theory: as a means of escape or attention seeking and may arise in 

stressful situations 

Associated with lesch nyhan syndrome, Munchhausen, Familial Dysautonomia, XXY 

syndrome, trisomy 18, mental retardation, hereditary sensory neuropathies 

� Lip biting- fissures, areas of hyperkeratosis or mucous extravasation cyst.

� In older anxious or agitated patients lip chewing produced varicosities so the

vermillion border appears cyanotic in appearance.
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� Rubbing of alveolar mucosa with a finger leaves an elongated erythematous

patch.

Management: 

� Behavioural modification techniques

� Pharmacological treatment

� Physical restraints

Behavioural modification techniques: 

� Positive reinforcement (use of a positive reinforcer each time the desired

behaviour is observed),

� Extinction (lack of attention when the undesired behaviour is exhibited)

� Time-out (removing the child from the place or situation when the undesired

behaviour is exhibited)

Oral restraints include:  

Fixed or removable acrylic horseshoe appliance, soft mouth guards, buccal or lingual 

shields,  

Thermoplastic appliances in combination with intraoral and extraoral elastics  

Accessories such as facemasks, chin-cups, lip separators, special clothing or belts 

Pharmacotherapy:  Selective Serotonin Reuptake Inhibitors 

CONCLUSION 
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Management of illness is based on the knowledge of its specific and non-specific 

aspects. The influence of psychosocial and environmental factors on the appearance 

of the illness must be recognized and dealt with. So the doctor must recognize the 

influence exerted by the illness itself- through pain, fear, depression, or paralysis 

which are its manifestations on the patient and his environment. The handling of the 

sick person depends on our awareness of these aspects, our knowledge and experience 

of them, on our patience and our flexibility. In practice this means that the doctor 

must listen to his patient, get to know him, his background and present life; must 

examine him physically, it is the care and the confidence with which it is done that 
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matters. The doctor must encourage questions, and must answer them to the best of 

his ability; must seek the patient's view of himself, of his illness, and sometimes of his 

medical experiences. There is no comprehensive up to date account of psychosomatic 

medicine in dentistry. 

As the stress is increasing in day today life due to cut throat competition in 

every field. So there are more chances of a dental practitioners encountering patients 

with psychosomatic disorders.  Hence one should be familiar with such manifestations 

and if accounted with such patients should try to manage them with psychiatrist 

consultation whenever needed. 

To conclude we can say that many diseases manifesting in the oral cavity have a 

psychological component in their etiology or have some effect of psychologic factors. 

Similarly psychiatric disorders have an influence upon health of oral tissue.  
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Chapter - 1 

Metal Ceramics Alloys 

Dr. Priyanka Priyadarshni 

 

 

Abstract 

The metal ceramic crown system still is selected the most frequently 

because of its strength and versatility. The ability to select metals for color or 

strength for single unit or fixed partial dentures gives great flexibility. As the 

occlusal forces become more of a factor, selection of a restorative system 

will depend more on strength than esthetics demand. When greater strength 

is required metal ceramic crowns are preffered. Metal ceramic core materials 

like alcerams and inceram provide greater flexibility and compressive 

strength. The main drawback of metal crowns are poor esthetics especially in 

anterior region. 

Keywords: cast metal ceramic restoration, swaged metal ceramic 

restorations, metal ceramic 

Introduction 

The introduction of metal ceramics as restorative material produced 

restorations comparable to natural teeth. The metal ceramics are stronger, 

wear resistant and impervious to oral fluids and absolutely biocompatible 

with long term color stability and ability to be formed into precise shapes. 

Although it has some drawbacks like poor esthetics, the metal ceramics are 

highly used in dental clinics because of low cost. 

Also called- Porcelain Fused to Metal (PEM) 

- Metal Bonded Restoration 

- Ceramo Metal 

Jacket crowns made entirely of porcelain entirely had poor 

tensilestrength and the crown breaks easily under abnormal occlusal 

conditions So, to get the benefits of metal for strength & porcelain for 

esthetics, these two were combined to get the metal ceramic. 

1962-Weinstein developed porcelain composition for metal ceramics. 

1994 survey reports that 90% of ceramic restoration were porcelain fused to 

metal. 
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The development of metal ceramics was possible because of 

1. Development of a metal and porcelain that could bond to each other 

2. Raising the CTE of ceramic to make it more compatible to that of 

metal 

Types of metal ceramic restorations 

1. Cast Metal Ceramic restorations 

a) Cast noble metal alloys 

b) Cast base metal alloys 

c) Cast titanium-ultra low fusing 

2. Swaged metal ceramic restorations 

a) Gold alloy foil coping 

b) Bonded platinum foil coping 

Cast metal ceramic restorations 

This is one of the commonest ways of constructing a ceramic restoration 

Because of strong metal frame, it is possible to make long span bridges It 

can also be used when all ceramic is not possible because of high stresses& 

reduced preparation depth. 

Uses 

 Single anterior & posterior crowns 

 Short & long span anterior & posterior bridges 

Metal ceramic alloys 

Metal ceramic alloys are compatible with porcelain and capable of 

bonding to it. A layer of porcelain is fused to the alloy to give it a natural 

tooth like appearance. 

Also called Porcelain Fused to Metal (PFM). Ceramometal Alloys, 

porcelain Bonded to Metal (PBM). 

Requirements of alloys for porcelain bonding 

In addition to the general requirements of alloys, metal ceramic alloys 

have some special requirements to be compatible with porcelain veneering. 

1. Alloy's melting temperature should be higher than the porcelain 

firing temperature 

2. It should be able to resist creep or sag at these temperatures 
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3. Its CTE (Coefficient of Thermal Expansion) should be compatible 

with that of porcelain 

4. They should be able to bond with porcelain 

5. It should have a high stiffness (modulus of elasticity) 

6. Should not stain or discolor porcelain 

Uses 

1. Intended for porcelain veneered restorations (crowns & Bridges)  

2. Also be used as an all metal restorations 

Classification of metal ceramic Alloys: (Types) 

1. High Noble - Gold-palladium-platinum alloys  

- Gold-palladium-silver alloys 

- Gold-palladium alloys 

2. Noble 

(Palladium alloys) - Palladium-Silver alloys 

- Palladium-Gallium alloys 

- Palladium-Gold alloys 

- Palladium-Gold silver alloys 

- Palladium-Copper alloys 

- Palladium-Cobalt alloys 

3. Base Metal - Nickel Chromium Alloys 

- Nickel-Chromium-Beryllium alloys 

- Cobalt Chromium Alloys 

- Pure Titanium 

- Titanium-Aluminum-Vanadium 

High noble metal ceramic alloys (Gold based) 

Contains more than 40 wt% gold and so-called Gold based alloys. 

Properties 

1. Most expensive crown & bridge alloys. 

2. Color ranges from white to gold. 

3. Melting temperatures ranges from 1149-1304 C. 

4. High density 13.5-18.3 gm/cm-cast to cast 



 

Page | 6 

5. Hardness 182-220 VHN-softer when compared to base metalalloys 

easy to cut grind & polish. 

6. Percent elongation 5-20%. 

7. Porcelain Bonding-Presence of an oxide layer on the surface of 

alloy. 1% of base metals like tin, Iridium, Iron etc are added to the 

metal ceramic alloys assists in chemical bonding of porcelain to the 

alloy to induce formation of oxide layer. 

8. Less sag resistant 

9. Do not tarnish easily and extremely stable in the oral environment. 

10. Biocompatible & easier to solder. 

Gold-palladium-platinum alloys 

(Jelenco "O", SMG-3 (Ney) 

BY-Dr. Ritesh Vatsa. 

Composition 

Gold-80to 88 wt% 

Palladium-5 to 11 wt% 

Platinum-6 to 8 wt% 

Silver-Oto 4.9 wt%(rarely present) 

Base metals-Around 1% 

These alloys have lower sag resistance, hence long span bridges 

areavoided with this alloy. 

Gold-Palladium-Silver Alloy [Whilbond 75 (Wilkinson)] 

Composition 

Gold-39-77 wt% 

Palladium-10-40 wt% 

Silver-9-22 wt% 

Base metals-1 wt% 

Silver has a tendency to discolor some porcelain 

Gold-palladium alloys olympia (Jelenko) 

Composition 

Gold-44-55wt% 

Palladium-35-45 wt% 
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Base metals-1 wt% 

Absence of Silver eliminates the discoloration problem 

The Noble (Palladium Based Alloys) Metal Ceramic Alloys These 

alloys must contain at least 25% of noble metal alloy. These are mostly 

Palladium based alloys. 

Common Features of Palladium based alloys: 

1. Cost ranges between that of gold alloys & base metal 

2. Color-White 

3. Density-less dense than gold alloys 10.5-11.5gm 

4. Easy to work with easy to cut grind & polish 

5. Melting range 1155-1304 C 

6. Yield strength 462-685 Mpa 

7. Hardness 189-270 VHN slightly harder than the high noble metal 

ceramic alloys 

8. Percentage elongation 10-34% 

9. Porcelain bonding-like the gold alloys, base metals like tin, Iridium, 

etc. are added to assist porcelain bonding 

10. Resistant to Tarnish & corrosion 

11. Scrap value is good. Safe & biocompatible 

Types 

Palladium-Silver alloys 

Palladium-Copper alloys 

Palladium-Cobalt alloys 

Palladium-Gallium-Silver alloys 

Palladium-Gold alloys 

Palladium-Gold-Silver alloys 

Palladium-silver alloys 

Introduced in 1970's as alternative to gold & base metal alloys. 

Composition 

Palladium 53-60 wt% 

Silver 28-40 wt% 

Base metals balance 
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Greening problem: high silver content causes the most severe greening 

problem (greenish-yellow discoloration) among all the metal ceramic alloys 

Gold metal conditioners & coating agents are added to minimize this effect. 

Palladium-copper alloys 

Composition 

Palladium  74-80% 

Copper  5-10% 

Gallium   4-9% 

Gold  1-2% 

Base Metals 1% 

Copper produces slight discoloration of the porcelain. These alloys are 

most technique sensitive produces black oxide layer-masked with opaquer. 

Palladium-cobalt alloys 

Composition 

Palladium 78-88% 

Cobalt 4-10% 

Gallium  upto  9% 

Base metals 1% 

Here cobalt can cause some discoloration. Dark oxide layer can be 

masked with Opaquer. 

Most sag resistant of all noble alloys. 

Palladium-gallium alloys 

2 Types  

1. Palladium-Gallium-Silver 

2. Palladium-Gallium-Silver-Gold 

Composition: 

Palladium 75% 

Gallium  6% 

Silver  5-8% 

Gold  6% 

Base metals 1% 
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Oxide layer though dark is somewhat lighter than the palladium copper 

& palladium cobalt alloys. 

Silver content does not cause any greening. 

Base metal alloys for metal ceramic alloys 

Contains little or no noble metals. Introduced expensive noble metal 

ceramic alloys. 

The first noble metal Alloys were the Cobalt-Chromium alloys. 

Nickel chromium alloys were introduced later. 

Base metal alloys used for metal ceramics are 

1. Nickel-Chromium alloys 

2. Cobalt-Chromium alloys 

3. Pure Titanium 

4. Titanium-Aluminium-Vanadium Alloys 

Nickel-chromium alloy 

Composition 

Nickel   61-81% 

Chrome   11-27% 

Molybdenum  2-9% 

Beryllium  0.5-2% 

Some alloys may contain occasionally one or more minor elements like 

Aluminum, Iron, Silicon, copper, manganese, Cobalt & Tin 

General features of nickel-based alloys 

1. Cheapest of Casting Alloys 

2. White in color 

3. Melting Range 1155-1304 "C 

4. Density 7.8-84 (half the density of Gold Alloys) 

5. Hardness 75-360 VHN-harder than high noble metal alloys& 

difficult to work with. 

6. Yield Strength 310-828 MPa-stronger than Gold and Palladium 

based alloys. 

7. Modulus of Elasticity 150-210 MPa (x 10') twice stiff as gold 

alloys. Thinner & lighter castings can be made metal copings can be 

reduced to 0.3-0.1 mm 
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8. Percent elongation 10-28% 

9. Porcelain bonding-forms adequate oxide layer for porcelainbonding 

10. Sag resistance-Higher sag resistance 

11. Esthetics-a dark oxide layer may be seen at the porcelain 

metaljunction 

12. Highly resistant to tarnish & corrosion due to property ofpassivation 

It is the property by which a resistant oxide layer forms on the 

surface of Chrome containing alloys. This oxide layer protects the 

alloy from further oxidation & corrosion. So these alloys can 

maintain their polish for many years 

13. They have higher casting shrinkage than the gold alloys. 

14. Bio compatibility-Nickel may produce allergic reactions in some 

individuals. It is also a potential carcinogen 

15. Beryllium also potentially toxic-Causes 'Berylliosis' 

Titanium & Its alloys 

Because of its excellent biocompatibility light weight good strength 

andability to passivity, these Titanium alloys are well adapted in dentistry. 

Uses 

1. Metal ceramic restorations 

2. Dental implants 

3. Partial denture frames 

4. Complete denture bases 

5. Bar connectors 

Also used as an alternative alloy to those allergic to Nickel. 

Pure titanium 

Titanium has the ability to passivate itself. 

Excellent corrosive &tarnish resistant against mineral acids & chlorides 

Highly Biocompatible & non-toxic 

Mechanical properties 

1. Density-4 5 gms/cm3 (light weight) 

2. Modulus of elasticity-110 GPa 

3. Melting point -1700'C 

4. Thermal expansion-8.4x10/C 

{Lower than porcelain-so low fusing porcelain have been developed} 
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5. Pure Titanium exists in alpha & Beta forms 

6. The alpha forms exists at room temperature with lower strength 

&high ductility 

7. Above 830 'C it is converted into the Beta phase which is stronger 

and more brittle 

Titanium alloys 

Titanium is alloyed with Aluminum, Vanadium and Palladium 

Commonly used Titanium alloy is Ti6 A14V. 

Alloying the Titanium increases the strength & stabilizes the alloy. 

Thesealloys cannot be heat treated and amenable to brazing and soldering. 

Chapter 8-Metal ceramic bond 

BY-Dr. Priyanka Priyadarshni 

The primary requirement for the success of a metal ceramic prosthesis is 

development of a durable bond between the porcelain & the alloy along with 

the thermal compatibility of the alloy & porcelain. 

Theories of metal-ceramic bonding 

1. Mechanical interlocking between porcelain & metal 

2. Chemical bonding across the metal porcelain interface 

3. Compression 

Mechanical bonding 

Good wetting of the metal surface or metal oxide surface by the 

porcelain is essential to achieve mechanical bond Surface tension provides 

intimate contact of porcelain with all the micro surface irregularities of the 

metal surface and some mechanical interlocking occurs when fired. Metal 

coping is sand blasted and cleaned. This roughened surface provides an 

easily wettable surface assisting in mechanical retention. 

Chemical bond 

Heating to 1000 C in vacuum for 10 min. degases the metal first. 

Thenair cooled slowly. This will remove gases from the surface of the metal 

&induce some age hardening of the alloy At the same time the base metal 

atoms will diffuse to the surface of the metal & form an oxide film (Tin, 

Indium or Zinc) This oxide film will provide chemical bond when porcelain 

is applied over it and fired On further heating to maturing temperature of 

porcelain (950" c), shrinkage & pore elimination will occur. 
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Compressive bond 

On cooling, the metal will contract faster than porcelain & this itself will 

put metal under tension and porcelain under compression. This will make the 

porcelain bond to metal firmly. 

Bonding of porcelain to metal using electrodeposited substrates 

A new method of bonding porcelain to metal-by forming an additional 

oxide layer deliberately over the metal surface by using electro deposition. 

Deposition of a layer of pure gold onto the cast metal & then a layer of tin 

over it improves the wetting of porcelain onto the metal and toreduce the 

amount of porosity at the metal porcelain interface the electrodeposited layer 

acts as a barrier between the metal casting and porcelain to inhibit diffusion 

of atoms from the metal into the porcelain during normal firing cycles-limits 

buildup of oxide layer. Produces light color of the oxide-enhances vitality of 

porcelains and blocks the dark metal oxide color. 

Alloys & metals like cobalt chromium, stainless steel, Palladium-silver, 

high & low gold content alloys & titanium have been successfully 

electroplated & tin coated to achieve satisfactory ceramic bonding. 

Metal-Porcelain bond failure 

Bonding failures in metal ceramics occurs at 3 sites 

1. Along the interfacial region between the opaque porcelain & the 

interaction zone (metal oxide) 

2. Within the Interaction zone (metal oxide) 

3. Between Metal & Interaction zone (metal oxide) 

Brein's classification of bond failure 

1. Porcelain metal: This fracture occurs when the metal is devoid of 

oxides 

Metal surface leaves a clean surface. 

2. Metal oxide-porcelain: oxide is firmly attached to the metal seen 

in base metal alloys 

3. Cohesive within porcelain: Seen in Gold alloys Bond strength is 

higher than the tensile strength so bond failures occur within the 

porcelain 

4. Metal-metal oxide: Metal oxide is attached to the porcelain. Seen 

in base metal alloys due to formation of Nickel and Chromium 

oxides 
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5. Metal oxide-metal oxide: fracture occurs through metal oxide 

resulting from over production of oxides. Metal oxide is found 

attached to both metal and porcelain 

6. Cohesive within the metal: This type of fracture usually occurs in 

crown and bridge but rarely seen in single crowns 

Manipulation & technical considerations of cast metal ceramic 

restorations 

Construction of cast metal coping or framework 

A wax pattern of the intended restoration is constructed & cast in metal 

Sharp angles or pits on the veneering surface of metal are to be avoided to 

avoid internal stress in final porcelain so convex surfaces & roundedcontours 

are produced. 

The intended metal ceramic junction should be as definite & smooth as 

possible-90° angle. Metal should be of sufficient thickness toprevent 

distortion during firing. 

0.3 mm for Noble metal alloys. 

0.2 mm for base metal alloys 

The metal ceramic interface must be at least To 1.5 mm from all centric 

occlusal contacts and must be distinct to facilitate removal of excess 

porcelain. 

Metal preparation 

A clean metal surface is essential for good bonding. Oil impurities from 

fingers can contaminated. Surface is finished with ceramic bonded stonesor 

sintered diamonds. 

Final texturing done by sandblasting with an alumina air abrasive which 

aids in bonding Finally it is cleaned ultrasonically, washed and dried. 

Degassing & Oxidizing 

A controlled oxide layer must be created on the metal surface to 

establish the chemical bond between metal & porcelain. Oxide layer 

obtained by raising the temperature, exceeding the firing temperature of 

porcelain A vacuum created in the firing chamber eliminates any adherent 

gases-hence the term 'degassing. 

High gold content ceramic alloy held at oxidizing temperaturefor several 

minutes. Low gold content alloys contains high base elements resulting in 

thick oxide layer.so air abraded lightly with alumina or placed in 

hydrofluoric acid. 



 

Page | 14 

Opaquer 

Dense yellowish white powder supplied with a special liquid -used to 

cover the metal frame. The metal framework is held with a pair of locking 

forceps. Opaquer powder is dispensed on to a ceramic palette & mixed with 

special liquid to a paste like consistency. It is carried & applied to the metal 

framework with a brush & condensed. Excess liquid is blotted with a tissue. 

Opaquer is built with 2 thickness. Casting with opaquer placed in furnace & 

fired at approximate temperature. 

Condensation 

The process of packing powder particles together & removing excess 

water is known as condensation. This helps to minimize the porosity & 

reduce firing shrinkage. 

Condensation techniques 

Vibration 

Use light vibration to spread the material thinly and evenly. Moving the 

serrated instrument back and forth over the handle of the tweezers will create 

the necessary disturbance. Excess moisture that comes to the surface can be 

blotted off with a clean tissue Vibration may not be as necessary with the so-

called paint opaques. An ultrasonic vibration is also used. 

Spatulation 

A small spatula is used to apply and smoothen the wet porcelain which 

brings out excess water. 

Dry powder 

Dry powder placed on the side opposite a wet increment. The water 

moves towards the dry powder pulling the wet particles together. 

Whipping method 

Surface of the wet paste is tapped lightly with a spatula few times causes 

water to come on the surface. Excess water removed by blotting paper. 

Gravitation method 

Gravity will bring the water off the paste to the surface- removed with 

blotting paper. 

All these methods aim at bringing the water to the surface. Surface 

Tension of water is the driving force for condensation and the porcelain must 

never be allowed to dry out until condensation is complete. 
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Before firing, inspect the opaque application to see that it satisfies the 

following criteria 

The entire veneering surface is evenly covered with a smooth layer that 

masks the color of the metal. 

There is no excess anywhere on the veneering surface. 

There is no opaque on any external surface adjacent to the veneer. There 

is no opaque on the internal aspect of the substructure. 

Firing and sintering of porcelain 

The thermochemical reaction between the porcelain powder components 

are virtually completed during the original manufacturing process. So, the 

purpose of firing is simply to sinter the particles of powder together properly 

to form the prostheses. Firing is done in a porcelain furnace Modern furnaces 

are computer controlled & have built in programs to control the firing cycle. 

Programs can also be changed by the operator. 

Firing cycle 

The entire program of preheating firing, subjecting to vacuum subjecting 

to increased pressure, holding & cooling is known as firing cycle. The firing 

cycle vary depending on the stage-opaquer firing dentin firing glaze firing 

etc. Opaquer has the highest temperature and the glaze the lowest. 

Preheating: The condensed mass should not be placed directly into the 

hot furnace. This can cause rapid formation of steam which can break up the 

mass modern furnaces-work is gradually raised into the furnace this is 

preheating. 

Vacuum firing 

During firing a vacuum is created in the furnace-air pressure reduced by 

1/10 of atmospheric pressure by vacuum pump. As the temperature rises, the 

particles sinter together & closed voids are formed in the porcelain mass. At 

a temperature of about 55' c below the upper firing temp, the vacuum is 

released so pressure increased from 0.1 -1 atm. as pressure is increased by 10 

folds, the voids are compressed to 1/10" of their original size and the total 

volume of porosity is reduced. The vacuum is not activated during the Glaze 

firing. 

Cooling 

Cooling of fired porcelain should be well controlled Rapid cooling 

causes porcelain to crack or, it can induce stresses which weaken the 
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porcelain Cooling is done slowly and uniformly and usually computer 

controlled. Thermal expansion will increase after slow cooling, because 

additional (high-expansion) leucite will crystallize. In general, alloys with 

high thermal expansion coefficients require more rapid cooling than alloys 

with low coefficients. 

Evaluation of the opaque porcelain 

Small cracks and fissures are common after the first firing. This problem 

can be resolved by applying moisture, followed by a thin mix of opaque 

carefully condensed into the fissures. When correcting a thin area where the 

color of the metal has not been masked completely, the surface should be 

moistened before a second coat is applied. 

After firing, check that the opaque application meets the following 

criteria 

Relatively smooth even layer masking the color of the framework.  

Eggshell appearance. 

No excess on any external or internal surface of the restoration (which 

would prevent it from seating fully on the die). 

Dentin & Enamel porcelain 

After the opaquer is fired & cooled-dentin powder mixed with distilled 

water or liquid supplied with glass spatula Bulk of the tooth is built up with 

dentin a portion of dentin in the incisal area is cut back and enamel porcelain 

can be added. After build up & condensation is over-returned to the furnace 

for sintering. 

Additions 

Not necessary to build up the restoration in one step. Large restorations 

are built up in 2 or 3 stages. After each firing porcelain is shaped by grinding 

& additional porcelain placed in deficient areas. Each additional firing is 

done at a lower temperature Caution-avoid too many firings, as this may 

give rise to a over translucent, lifeless restoration. 

To compensate for the firing shrinkage that result when the particles 

fuse, slightly overbuild the porcelain. A typical metal-ceramic anterior 

crown will shrink 0.6 mm at the incisal edge and 0.5 mm mid facially. 

Gingival and Transparent porcelain 

Enamel of natural teeth at incisal edges appear transparent, so a 

transparent porcelain is used for this. Depending on the desired appearance, 
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make a cut-back for the more translucent incisal powder. Whether the cut-

back is made with a razor blade, scalpel, or modeling instrument, condensing 

the body buildup well before cutting back is necessary. This will minimize 

the risk of fracture during the process. Furthermore, to minimize the chance 

of damaging the unsupported incisal portion of the buildup, the cut-back 

should be made from incisal to cervical. 

The cervical portions of natural teeth may appear more darker (more 

yellow). Cervical porcelain or gingival/neck porcelain are used to duplicate 

this effect. 

Surface staining, characterization & effects 

Staining & characterization helps make the restoration look natural and 

helps it to blend with adjacent teeth. Internal or intrinsic characterization or 

staining may be accomplished by incorporating colored pigments in the 

opaque, body, or incisal powder. Stain powders are mixed with a special 

liquid applied and blended with a brush. To recreate natural look of teeth, 

special techniques were used to create effects like cracks defects & other 

anomalies within the enamel. Highly colored glazes, commonly used as 

surface stains, may be layered within the buildup powders to create special 

effects.  

Colored opaque modifiers that can be selectively mixed with the opaque 

to increase the saturation of the desired pigment. A variation of this approach 

is to use opacified dentin powders that produce a finished restoration with a 

slightly higher chroma than one prepared with the more translucent dentin 

powders. Similarly, a translucent powder can be used to enhance incisal 

translucency. 

The surface texture of a metal-ceramic restoration should resemble that 

of the adjacent teeth, including selected characterizing irregularities that 

exist on those teeth. 

Several rules of light reflection must be remembered when attempting to 

accomplish this: 

1. A flat surface will reflect primarily parallel light bundles 

2. A convex surface will result in divergence of reflected light, 

whereas a concave surface will create a convergent light bundle 

3. Sharp transitions (e.g., geometric line angles) will result in line 

reflections, but smooth, gently flowing curved surfaces will create a 

reflection pattern with greater surface area 
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Glazing 

Glazing is a process by which the restoration is given a smooth glossy 

surface. Before final glazing restoration is tried in the mouth checked and 

adjusted by grinding. Restoration is smoothed prior to glazing. 

Objectives of glazing 

1. Glazing enhances esthetics 

2. Enhances Hygiene 

3. Improves strength-stronger than unglazed porcelain. It inhibits 

crack propagation 

4. Reduces the wear of the opposing teeth 

Types of glazing 

1. Over glaze: Glaze powder is mixed with special liquid &applied on 

to the restoration. Firing temperature lower than body porcelain. 

Firing cycle does not include vacuum. Chemical durability is less 

because of high flux content 

2. Self-glaze: instead of a separate glaze layer, the restoration is 

subject to a controlled heating at its fusion temperature, this causes 

only the surface layer to melt and flow to form a vitreous layer 

resembling glaze. 

Glazing is superior to conventional polishing 

Other metal ceramic Systems 

1. Swaged gold alloy foil 

-ceramic crowns (burnished foil copings)-Captek. 

Captek-capillary casting technology Based on principle of capillary 

attraction to produce gold composite material without having to cast it. 

Comes in fluted form & is adapted to the die by swaging & burnishing Foil 

coping is carefully removed & flame sintered. An interfacial alloy powder is 

applied and fired which helps to bond the ceramic & metal Porcelain is the 

condensed and fired to form the crown. 

Advantages 

Thinner foil alloy allows greater thickness of ceramics -improving 

esthetics. 

Underlying alloy is gold colored-gives more warmth & life to the 

restoration. 
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2. Bonded platinum foil ceramic crowns 

A platinum foil coping is constructed over the die to improve the 

bonding of the ceramic to the platinum foil coping an electro deposition 

technique is used. 

Electrodeposition technique 

This is used to improve both esthetics & bonding. A layer of pure gold 

is electrodeposited onto the metal, followed by a quick minimal deposition 

of tin over the gold. 

Advantages 

1. Gold color enhances vitality of the porcelain 

2. Tin helps in chemical bonding 

3. Good wetting at gold porcelain interface reducing porosity 

Electrodeposition also done with other alloys Co-Cr. Stainless steel. 

titanium, low gold & non-gold alloys. 

3. Cast metal ceramics with labial margins 

When esthetics is of prime importance, a collar less metal-ceramic 

crown is considered Collarless crowns have a facial margin of porcelain and 

lingual & proximal margins of metal. 

Advantages 

1. Esthetic improvement 

2. Plaque removal easier when gingival tissues are in contact with 

vacuum fired glazed porcelain than the finished gold 

Disadvantages 

1. Marginal adaptation-slightly inferior cast metal 

2. Fracture of unsupported margin-during try in or cementation due to 

careless handling 

3. Time consuming more costly 

Indication: when conventional metal ceramic esthetic result. 

Contraindication: when an extremely smooth 1 mm wide 

shouldercannot be prepared in the area of ceramic veneer. 

Methods of Fabrication: Includes 

1. Platinum foil matrix technique 

2. Direct lift (cyanoacrylate) technique 

3. Porcelain wax technique 
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Advantages & disadvantages of each technique 

 Method Advantages Disadvantages 

1 Platinum Foil 

No shoulder porcelain Good 

marginal adaptation Smooth 

surface. Low plaque accumulation. 

Time consuming & 

Technically Difficult 

2 Wax suspension Separates easily 
Shoulder porcelain needed. 

Less accurate fit 

3 Direct lift Least time Consuming 
Shoulder porcelain needed. 

Rougher margins 
 

Common reasons for failure of metal ceramic 

Restorations 

 Failure Reason 

1. 
Fracture during 

Bisque bake 

1. Improper condensation 

2. Improper moisture control 

3. Poor frame work design 

4. Incomplete metal-porcelain combination 

2. Bubbles 

1. Too many finning 

2. Air entrapment during building of restoration 

3. Improper moisture control 

4. Poor metal preparation 

5. Poor casting Technique 

3. 
Unsatisfactory 

Appearance 

1. Poor communication with technician 

2. Inadequate tooth Reduction 

3. Opaque too thick 

4. Excessive firing 

4. Clinical fracture 

1. Poor Framework design 

2. Centric stops too close to metal ceramic interface 

3. Improper metal preparation 
 

Cast metal ceramic restoration 

Indications 

1. Esthetics 

2. If all-ceramic crown is contraindicated 

3. Gingival involvement 

Contraindications 

1. Large pulp chamber 

2. Intact buccal wall 

3. When more conservative retainer is technically feasible 
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Advantages 

1. Better fracture resistance because of metal reinforcement 

2. Better marginal fit because of metal frame 

3. Superior esthetics as compared to complete cast crown 

Disadvantages 

1. Less esthetic when compared to all porcelain. Reduced because of 

underlying metal & opaque translucency 

2. Margins may appear dark because of the metal. Sometimes shows 

through the gingiva causing it appear dark and anesthetic 

3. Removal of substantial tooth structure 

4. Subject to fracture because porcelain is brittle 

5. Difficult to obtain accurate occlusion in glazed porcelain 

6. Expensive 
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Abstract 

Dental ceramics are nonmetallic inorganic structures containing oxides 

of one or more metallic or semi metallic elements. They are able to mimic 

the appearance of natural teeth, have color stability, wear resistant, and 

excellent biocompatibility. Despite having excellent esthetics they are prone 

to fracture under tensile or flexural loading. By enrolling the amount and 

type of component used in manufacturing ceramics broadly classified as 

silicate ceramics, oxide ceramics, non-oxide ceramics, and glass ceramics. 

Basic structure of all dental ceramics contain a crystal phase and silicate 

glass matrix phase. Dental porcelain is manufactured by heating ingredients 

at high temperature to form a glassy mass which is then rapidly quenched in 

water to this glassy mass. This process is called fritting and the product 

formed is frit. 

Keywords: dental ceramics, excellent esthetics, silicate glass matrix phase, 

frit 

Introduction 

What are ceramics? 

The word 'ceramic' is derived from the Greek word Keramikos'-meaning 

Burnt Earth. A ceramic is therefore an earthy material usually of a silicate 

nature and may be defined as "Nonmetallic, inorganic structures primarily 

containing compounds of oxygen with one or more metallic or semi metallic 

elements (Aluminum, calcium, lithium, magnesium, phosphorus, potassium, 

silicon, sodium, titanium & zirconium) that is formulated to produce the 

ceramic based dental prosthesis. "They may be crystalline, non-crystalline, 

or both including crystalline phase in a glassy amorphous matrix. 

What are porcelains? 

The name porcelain is said to have been coined by Marco Polo in the 

13th century from the Italian term porcellino. This was the name of the 
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translucent cowrie shell (also called the Venus shell) which looked like a 

little pig or, in Italian, porcelain. He likened Chinese porcelain to this 

translucent white shell. The characteristics most admired in porcelain are its 

white color, the thinness of the vessels that can be created with it, its high 

density and its innate strength. To quote a tenth century European reflecting 

on his journey through China."A ceramic so white that it was comparable 

only to snow, so strong that vessels needed walls only 2-3 mm thick and 

consequently light could shine through it. So continuous was the internal 

structure that a dish, if lightly struck would ring like a bell. This is 

porcelain!" 

The two major components in ceramics are a refractory (non-meltable) 

crystalline structure and glass Pottery was the first, and is still the foremost 

ceramic. It contains both of the major ceramic components and is made from 

clay. Clay bodies are further subdivided into three groups: earthenware, 

stoneware and domestic porcelain. Each classification, from earthenware to 

porcelain contains increasing percentages of glass and decreasing 

percentages of alumina. Dental porcelain is a further subdivision of domestic 

porcelain 

The modern traditional ceramic articles are made with clay (kaolin), 

silica, quartz, and feldspar Dental ceramics also contains the same but for 

little or no kaolin and feldspar as the major component. 

 Dental Porcelain House Hold Porcelain 

Feldspar 81% 15% 

Quartz 15% 14% 

Kaolin 4% 70% 

Metallic Pigments <1% 1% 
 

In dentistry, we use three different types of porcelain composition 

depending on their application. One is for denture teeth, one is for ceramo-

metal applications and another is for all porcelain restorations (PJCs, veneers 

and inlays). 

Denture tooth porcelain begins as a mixture of powders of feldspar, clay 

and quartz. This is referred to as high-temperature porcelain in some dental 

materials textbooks. 

Feldspathic dental porcelain, used for ceramo-metal restorations, begins 

as a mixture of powders of potassium feldspar and glass. This type of 

porcelain composition can also be used for fabricating porcelain veneers and 

inlays. 
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Aluminous porcelain, used in PJCs, is composed of mixtures similar to 

that of feldspathic dental porcelain with increased amounts of aluminum 

oxide. 

These three types of dental porcelain also contain pigments and 

opacifying agents to create various shades and translucencies. After baking, 

all three types of porcelain contain similar components: small crystals 

(leucite and/or other alumino-silicate crystals) embedded in a silicate glass (a 

non-crystalline, amorphous matrix) of crystal and glass depend on the 

specific type of porcelain in question Leucite (a reaction product of 

potassium feldspar and glass) is a particularly important component in dental 

porcelain because it affects the optical properties, thermal expansion, 

strength and hardness of the porcelain. 

Uses and applications of Dental Ceramics: 

1. Inlays and onlays 

2. Esthetic laminates (veneers) over natural teeth 

3. Single (all ceramic) crowns 

4. Short span (all ceramic) Bridges 

5. As veneer for cast metal crowns and bridges 

6. Artificial denture teeth-for CD & RPD's 

7. Ceramic orthodontic brackets 

8. Implant Superstructures and biodegradable implant material 

Ceramics are the earliest group of inorganic materials to be structurally 

modified by man. He transformed clay into ceramic articles of utility. 

The origin of gazing technique is of importance in dental field 

 4000B.C.-earliest glazing technique by Sumerian invention is 

Egyptian Blue Faience -bluish green hues from metal oxides added 

during firing 

 100 BC stonewares were produced in China 

 1774 A.D. a Parisian apothecary Alexis Duchateau, with assistance 

of a Parisian dentist Nicholas Dubois de Chemant, made the first 

successful porcelain dentures at the Guerhard porcelain factory. 

 1789 De Chamant (French Scientist) patented first porcelain tooth 

material 

 1808-Fonzi (Italian dentist prepared porcelain teeth baked with 

Platinum posts or pins. Fonzi called these teeth "terra metals 
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incorruptibles" and their esthetic and mechanical versatility 

provided a major advance in prosthetic dentistry 

 1817-Plateau (French dentist) introduced porcelain teeth to the U.S. 

 1822-Peale an artist developed a baking process in Philadelphia for 

these teeth 

 1844 Mass production of porcelain teeth by S.S. White company. 

 1886-Dr. Charles Land introduced first ceramic crowns to dentistry. 

Using platinum foil matrix and high-Fusing Feldspathic Porcelain. 

Low Flexural strength, and increased firing shrinkage resulted in 

high incidence of failures. The same technique was again described 

by Land (1903) and much later by Pincus (1937) for the fabrication 

of artificial ceramic veneers. 

 1958-Vines metal introduced finer porcelain powder for vacuum 

firing or low-pressure firing. Had better packing densities that 

facilitated the carving and layering of the green porcelain. 

Metal ceramics 

 1962-Weinstein and Weinstein-porcelain compositions for metal 

ceramic restorations were introduced (Patented) K20 level was 

increased to produce high expansion glasses suitable for bonding 

tometal. 

 1963-First commercial metal ceramics by Vita Zahnfabrik and later 

Ceramco was introduced 

 1965-McLean and Hughes-development of Aluminous core and 

veneer porcelain-upto 50% wt of Alumina crystals were added. 

Restricted use-in maxillary anteriors only with high Fracture rate in 

posteriors. Large sintering shrinkage 15-20% Strength of upto 

180MPa were achieved 

 1976-first commercially viable foil-reinforced (vita-pt) crown 

system was developed by McLean and Scad-Here surface of 

platinum foil was coated with upto 2.0 um of tin provided 

mechanism for bonding of porcelain. 

 1979-Rogers reported gold copings made by electroforming and use 

of tin oxide coatings for attachment of conventional metal bonding 

porcelain 
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Fluorescence 

 During development of Aluminous veneer porcelain radio active 

Fluorescein sodium uranium septoxide (Na2U201) was used. It 

produced a strong greenish-yellow color. 

 When small amounts of cerium oxide were added a bluish-white 

Fluorescence similar to human teeth was achieved. -But 

Radioactive Fluorescers have been banned. 

Glass ceramics 

 Glass ceramics-Mac Culloch described methods for making 

artificial teeth, veneers, & crowns in glass ceramic in 1968, But 

with little recognition. 

1984-Grossman and Adain-controlled crystallization of glass was 

demonstrated -Dicor. 

Glass was melted and cast into a refractory mold and then crystallized. 

The glass ceramic material contained Tetrasilicic Floor Mica crystals 

(K2Mg5Si020F4) to give added strength and resistance to fracture 

propagation. Mac Culloch reported shade modification achieved with surface 

colorants which eroded over time. Dicor high translucency has a chameleon-

like effect and merges with surrounding teeth. Dicor-MGC-with 70% 

tetrasilicic Floor Mica crystals is a machinable glass ceramic version. 

 1990-pressable glass ceramics (IPS Empress) containing 34% 

Leucite was introduced which did not require crystallisation as 

Dicor-developed by Wohlwend 

 Late 1990's-IPS-Empress 2-pressable glass ceramic containing 70% 

lithium disilicate crystals was introduced-more fracture resistant 

 1993-procera-All ceramic system was introduced All ceramic 

crowns composed of a coping of densely sintered, high purity 

alumina-Andersson and Oden 

 Procera copings are manufactured by compacting high purity 

alumina powder (A1203> 99.9%) with a dry pressing technique 

against enlarged models of tooth preparation 

Slip cast alumina ceramics 

 1989 Sadown refined slip casting technique to produce high 

strength coping-In Ceram (Vita ZahnFabrik). He showed that a 

lightly sintered alumina powder could be infused with low fusing 

sodium lanthanum glass to produce dense composite ceramic of 
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very high strength. High concentration of Alumina 72% were used 

to obtain strength upto 700MPa.  

Supplied as 3 core materials 

In Ceram Alumina 

In Ceram Spinell 

In Ceram Zirconia-Al-O3-ZrO2 ceramic. 

 Bonded porcelain restorations: 1983 Simonson & Calamia 

reported the concept of bonding composite resin to acid etched 

porcelain. Fabrication of porcelain veneers with this system was 

reported by Horn in the same year 

 CAD CAM ceramics: CEREC (Sirona) was introduced in 1986 

I) Generation could mill only inlays 

II) Generation (1994) inlays, onlays & crowns were made 

III) Generation increased overall acceptance with improved 

computer technology 

 Other CAD CAM Systems includes Duret, Minnesota, DCS, 

Procera, & Cicero Classification of Dental Ceramics 

According to firing temperature 

1. High Fusing-1300 °C-denture teeth 

2. Medium fusing-1101-1300 °C-denture teeth 

3. Low fusing-850-1100 °C-crown & bridge use 

4. Ultra low fusing-<850 °C used with Titanium 

According to use or indictions 

Ceramics for 

1. Artificial teeth 

2. For crowns & inlays 

3. For veneer over a cast metal crown  

4. Anterior Bridge porcelain 

5. Posts and cores Stain & Glass ceramics 

According to composition/type 

1. Feldspathic or conventional porcelain 

2. Aluminous porcelain 
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3. Leucite reinforced porcelain 

4. Glass infiltrated alumina 

5. Glass infiltrated Spinell 

6. Glass ceramic 

According to processing method 

1. Sintered porcelain 

2. Cast porcelain 

3. Machined porcelain 

According to application while building a crown layer by layer 

1. Core porcelain 

2. Dentin or body porcelain  

3. Enamel porcelain 

4. Neck porcelain 

Based on substructure or core material used 

1. Porcelain fused to metal alloy 

2. All ceramic restorations 

Classification & Description of ceramic systems 

Ceramic systems classified based on substructure or core material as 

i) Metal bonded  

ii) All Ceramic restorations 

i) Metal bonded (PFM) or Metal ceramic restorations 

A) Cast metal ceramic restorations 

1. Cast noble metal alloys 

2. Cast base metal alloys 

3. Cast Titanium (ultra-low fusing) 

B) Swaged Metal ceramic restorations 

1. Swaged gold alloy foil ceramic crowns 

2. Bonded platinum foil ceramic crowns 

ii) All ceramic restorations 

1. Conventional Porcelain Jacket Crown 

2. Aluminous Porcelain Crown 
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3. Leucite reinforced feldspathic porcelain-OPTEC-HSP 

4. Magnesia based core material 

5. Glass ceramics 

a) Castable glass ceramics-Dicor 

b) Hydroxy apatite-based Glass ceramics-Cerapearl 

c) Lithia based Glass Ceramics 

6. Hot pressed Injection molded Ceramics 

a) IPS Empress I-Leucite reinforced 

b) IPS Empress II-Lithia disilicate reinforced 

c) Al Ceram-Spinell based 

7. Slip cast Ceramics 

a) In Ceram-Alumina 

b) In Ceram Spinell 

c) Ceram zirconia 

8. Machinable ceramics 

a) CAD CAM ceramics-CEREC system 

b) Copy milled ceramics 

- Cercon & lava zirconia core ceramics 

- Celay system 

Current dental ceramics 

A. Feldspathic porcelain (low leucite content) 

1. Condensed and sintered 

2. Veneers, anterior crowns, low-stress inlays and onlays, crowns 

(PFMs) 

Metal. ceramic fixed partial dentures (FPDs) 

B. Leucite-reinforced porcelain 

1. Powder processed and sintered, pressure molded 

2. Anterior crowns, low-stress posterior crowns 

3. Examples 

1) Optec HSP-powder processed (Pentron-no longer available)  

2) IPS Empress (injectable porcelain system)-pressable (Ivoclar) 



 

Page | 35 

3) OPC (Optimal Pressable Ceramic)-pressable (Pentron)  

4) Finesse All-Ceramic-pressable (Ceramco) 

C. Alumina-reinforced porcelain 

1. Powder processed and sintered  

2. Anterior crowns; low-stress posterior crowns 

3. Examples: 

1) Vita VMK Hi-Ceram (Vita Zahnfabrik) 

2) Viladur-N (Vita Zahnfabrik) 

3) Vitadur Alpha (Vita Zahnfabrik) 

D. High density alumina (A1203) core 

1. Powder processed, machined in "green-body" state and sintered 

2. Anterior & posterior crowns, anterior FPDs; low-stress posterior 

FPDS 

3. Examples: 

1) Procera AlL Ceram (Noble Biocare) 

E. High density zirconium (ZrO2) core 

1. Powder processed, machined in green-body" state and sintered 

2. Posterior crowns anterior and posterior FPDS 

3. Examples 

1) Lava (3M-ESPE) 

2) Cercon (Dentsply-Ceramco) 

3) Denzir (Dentronic) 

F. Glass-infiltrated core 

1. Slip-cast, sintered, and infiltrated with glass 

2. Anterior & posterior crowns, anterior FPDs, posterior FPDs (In-

Ceram Zirconia only) 

3. Example: In-Ceram ("infused ceramic") 

1) In-Ceram Alumina [Al203] (Vita Zahnfabrik) 

2) In-Ceram Spinell [MgA1204]-enhanced translucency, mechanical 

properties inferior to In-Ceram Alumina-anterior use only (Vita 

Zahnfabrik) 
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3) In-Ceram Zirconia (ZrO2)-enhanced mechanical properties 

(VitaZahnfabrik) 

G. Glass-ceramic core ceramic 

1. Cast and creamed; pressure molded 

2. Anterior & posterior crowns; anterior FPDs (Empress 2) 

3. Example: 

1) Dicor "Dentsply International/Corning Glass"-mica based, no 

longer available 

2) IPS Empress 2-lithia disilicate core/(Ivoclar) 

H. Ceramics for CAD-CAM (CEREC; CEREC 2) and copy milling 

(Celay) 

1. Milled or ground 

2. Anterior & posterior crowns; 3-unit anterior FPD (In-Ceram 

Alumina) 

3. Examples 

1) Dicor MGC machinable glass-ceramic" mica based, no longer 

available 

2) Vita Mark II–machinable feldspathic porcelain (Vita Zahnfabrik) 

3) In-Ceram Alumina and In-Ceram Spinell-crowns & bridges (Vita 

Zahnfabrik) 

4) Pro CAD-modified "machinable" version of IPS Empress (Ivoclar) 

Composition & manufacture of dental ceramics 

Dental porcelain is a glass like ceramic material containing mixture of 

feldspar, silica, kaolin, alumina & other oxides, it is formed as a fine 

refractory powder on heating. 

This powder is mixed with liquid or distilled water to form a plastic 

mass, which is molded or shaped into a desired size & shape it is then fired 

(sintered) at high temperature to fuse the particles together and forms a hard 

smooth solid.  

Many dental ceramics contains a crystal phase and a glass phase based 

on the silica structure. Silica structure is characterized by a Si-O tetrahedron 

in which a Si4+is positioned at the centre of tetrahedron with O-anions at 

each four corners. The Sio4 tetrahedron are linked together by sharing their 

corners. 
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The glass obtains porcelain like qualities when the Silica network is 

broken by alkalis like sodium & potassium These chemicals along with 

alumina and boric oxide acts as a glass modifiers & fluxes to lower the 

fusion temperature.  

The composition of different dental porcelains are essentially the same, 

the principal difference being the proportion of the primary ingredients and 

firing procedures. 

Feldspathic porcelain 

Basic constituents includes 

Feldspar   - Basic glass former 

Kaolin   - Binder 

Quartz   - Filler 

Alumina   - Glass former& flux 

Alkalis   - Glass modifiers 

Color pigments - Modified color 

Opacifiers  - Reduce transparency 

Feldspar 

Naturally occurring mineral which forms the basic constituent of 

feldspathic porcelain. Most of the components needed to make dental 

porcelain are found in feldspar which occurs as potassium feldspar and 

sodium feldspar in nature containing potash, soda, alumina & silica Feldspar 

is the basic glass former. When fused at high temperatures during 

manufacture it forms a feldspathic glass containing potash feldspar 

(K20A1203.6S102) and soda feldspar (Na2OA1203.6SiO2). Pure feldspar is 

colorless & transparent. So various glass modifiers &opacifiers are added to 

alter its sintering temperature, viscosity, CTE and appearance. CTE-less than 

10 ppm/c. Feldspar when heated between 1150 °C & 1530 °C undergoes 

incongruent melting & forms crystals of Leucite which is potassium 

aluminum silicate minerals with large CTE 20-25 ppm/oC. 

Kaolin 

White clay like material-hydrated aluminum silicate. Acts as a binder & 

gives opacity to the mass kaolinite is found in nature a relatively pure form 

known as kaolin (China clay). It derives its name from the Chinese term for 

"high ridge", the place where the Chinese first discovered this purest form of 

kaolinite. The chemical formula for kaolinite is A1203 2S102 2120. 
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Quartz 

Quartz is a form of silica. Silica exhibits polymorphism- exist with more 

than one crystal structure. 

Quartz 867 oC, tridymite1470 oC, cristobalite 1713 oC fused quartz. 

Quartz with hexagonal structure is most stable form of silica. Ground 

quartz acts as a refractory skeleton providing strength & hardness to 

porcelain during firing. The quartz remains as separate, unmelted particles 

dispersed throughout the glassy phase produced by the melting of the 

feldspar. Quartz is part of the refractory crystalline structure in ceramic 

bodies, and helps the body to retain its shape in the kiln while the feldspathic 

glass melts around it. It remains relatively unchanged during and after firing. 

Insoluble in water and acids. 

Alumina 

Alumina oxide replaces some of the silica in the glass network. It gives 

strength and opacity to the porcelain. It alters the softening point & increases 

the viscosity of porcelain during firing Alumina is oxide of aluminum A1203 

extracted from mineral bauxite mainly hydrated aluminum oxide. Alumina 

Trihydrate is formed when the ore is treated with caustic soda 

600 °C 1250 °C 

Alumina trihydrate  Gamma Alumina    alpha Alumina 

Calcination Calcination 

Alpha form is used in ceramics. Generally ball milled & commercially 

supplied as fine powder 10-20 microns size. Prefabricated profiles or 

reinforcements used for dental purpose includes rods, tubes or sheets 

(alumina powder mixed with a binder methyl cellulose & a releasing agent). 

Glass modifiers 

Potassium, sodium & calcium oxide (K20, Na20, Cao) are used as glass 

modifiers and act as fluxes by interrupting the integrity of SiO4 network 

Purpose of flux is to lower the softening temperature of a glass by reducing 

the amount of cross linking between oxygen & glass forming elements- 

silicon for e.g. Soda Na2O is introduced into a silicate melts to produce 

sodium silicate glasses. 

The greater the number of Na+ ions are added, the more the Si-O-Si 

bridges are broken & Na+ ions incorporated into the silicate forming the 

sodium silicate structure. This linear chains of silica tetrahedra are able to 

move easily at lower temperatures-thereby lowers softening temp.& 

increases thermal expansion &reduces viscosity  
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Too high concentration of glass modifiers is also not advisable because 

it reduces chemical durability of the ceramic may cause the glass to 

crystallize (devitrify). Other glass modifiers includes Lithium oxide &Boric 

oxide Manufacturers employ glass modifiers to produce dental porcelain 

with different firing temperatures as-High fusing, medium fusing, low 

fusing, & ultra-low fusing 

Opacifiers 

Pure feldspathic porcelain is colorless so opacifiers like oxides of 

Zirconium, Titanium, Calcium &tin are added to increase its opacity-to 

stimulate natural teeth. 

Color modifiers 

Natural teeth exist in various shades also it acquires external stains from 

the environment so color modifiers are added to adjust the shades. These are 

fused together with regular feldspar & then reground and blended to produce 

the colors. 

Uranium oxide was used to provide fluorescence but because of the 

radioactivity, lanthanide earths are used. 

Pigments 

Zirconia, alumina, silica white 

Titanium oxide yellow brown 

Cobalt oxide blue 

Iron or Nickel Oxide brown 

Nickel oxide brown 

Manganese oxide lavender 

Copper oxide green 

Chromium oxide green 
 

Types of feldspathic porcelains 

 Opaque porcelain: Feldspathic glass loaded with opacifiers 

zirconium/Titanium oxide 

 Body dentin porcelain: Colored feldspathic glasses with high 

translucency 

 Gingival dentin: Colored feldspathic glasses with reduced 

translucency 

 Overlay enamel: Highly translucent feldspathic glasses containing 

sub-micron opacifiers or crystalline material to create special color 

effect. 
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Composition of low & medium fusing feldspathic porcelain 

Ingredient Low fusing % Medium fusing 

SiO2 69.36 64.2 

B2O3 7.53 2.8 

Cao 1.85 - 

K2O 8.33 8.2 

Na2O 4.81 1.9 

Al2O3 8.11 1.9 

Li2O - 2.1 

MgO - 0.5 

P2O5 - 0.7 
 

Manufacturing 

Traditional porcelain powder is manufactured by a process called 

Fritting. Various components are mixed together and fused. 

2 Different phases are formed 

A) vitreous or glassy phase-amorphous & has properties typical of 

glass like brittleness, high surface tension in fluid state. This 

phase is provided by feldspar 

B) crystalline or mineral phase includes silica & other metal 

oxides Vitreous phase is prominent as it binds the crystalline 

particles together 

Fusion Temperature of main Ingredients 

Feldspar - 1100 °C 

Silica  - 1713 °C 

Kaolin  - 1770 °C 

Fused mass after heating is called FRIT. While it is still hot it is 

quenched in water which causes the mass to crack & fracture making it 

easier to powder. They are again fired with appropriate color pigments to 

give color & shades to match natural tooth. Then after cooling, the mass is 

grinded to produce powder porcelain. 

Fritting: Process of blending melting & quenching the ceramic 

components 

Vitrification: Formation of glassy phase due to melting and cooling of 

ceramic ingredients-non-crystalline & amorphous  

Devitrification: If the vitreous glassy phase, crystallizes due to 

disruption of silica tetrahedron network is known as Devitrification. 
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Most of the chemical reaction takes place during the manufacture 

During subsequent firing in dental lab there is not much of chemical reaction 

the porcelain powder simply fuses to form the desired restoration. 

Composition of porcelain used in metal ceramic systems 

Metal ceramics must fulfill certain requirements 

1. CTE must be slightly less than that of metal (14.5x10 6c) to avoid 

undesirable tensile stresses developing in the ceramic on cooling 

2. The mineralogical structure of porcelain must be maintained during 

successive baking of metal ceramic crowns to avoid problems of 

devitrification or hydrolytic instability 

3. The soda & potash content is increased to raise the thermal 

expansion compatible with metal substructure 

4. Some porcelain contains Leucite (K20A12034S102) as a crystalline 

phase CTE of leucite (20x10 6/°c) matches higher gold alloys 

Opaque porcelain 

The opaque porcelain is applied directly to the metal surface These are 

heavily loaded with opacifiers to mask the metal sub structure & reduce the 

thickness of the porcelain to minimum. Modern paint on opaques, effectively 

mask the metal when applied in thickness as low as 100um. 

Composition of opaque porcelain 

Contents Action % 

Silica SiO2 Glass Former 48-59% 

Alumina Al2O3 Intermediate 16.3-20% 

Potash K2O Alkali Fluxes 8.4-10.3% 

Soda Na2O Alkali Fluxes 5.7-7% 

Calcium Oxide Fluxes 1.2-1.45% 

Boric Oxide Fluxes 1.2-1.45% 

Titania TiO2 Nucleating Agent 2.7-3.3% 

Tin Oxide SnO2 Opacifiers 4.3-5.25% 

Zinc Oxide 
 

1.2-1.5% 

Ferric Oxide 
 

Trace 

Fluoride 
 

Trace 
 

Low fusing metal ceramic-enamel & dentin porcelain 

The dentin & enamel porcelains for metal veneering which covers the 

opaque layer also consists of feldspathic glasses, but for higher Alkali 

content to raise the CTE. 
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Composition of low fusing metal ceramic-enamel & dentin porcelain 

 
Dentin Enamel 

SiO2 59.20% 63.50% 

Al2O3 18.50% 18.90% 

Na2O 4.80% 5% 

K2O 11.80% 12.30% 

B2O3 4.60% 0.10% 

ZnO 0.60% 0.10% 

ZrO2 0.40% 0.10% 

Firing temp 900Oc 900Oc 
 

Metal ceramics supplied as 

Typical kit which consists of 

 Opaquer powders in various shades together with a liquid for 

mixing 

 Dentin powders in various shades (bottles) 

 Enamel powders in various shades  

 Gingival porcelain powder in various shades 

 Transparent porcelain powder 

 Liquid for mixing Enamel, dentin, gingival &transparent porcelains 

 Variety of stain powders 

 Glaze powder 

 Special liquid for mixing stains & glaze 

Aluminous porcelain 

Mclean & Hughes developed the PJC with an alumina reinforced core in 

1965. Alumina is added as filler in high % to strengthen the porcelain by 

interruption of crack propagation Flexural strengths of upto 180MPa were 

achieved with this porcelain High Alumina Ceramics generally contain a 

minimum of 95% pure alumina. 

Composition of aluminous porcelain 

Composition Aluminous core Dentin porcelain Enamel porcelain 

Silica SiO2 35% 66.50% 64.70% 

Alumina Al2O3 5.80% 13.50% 13.90% 

Calcium oxide CaO 1.12% - 1.78% 
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Soda Na2O 2.80% 1.20% 4.80% 

Potash K2O 4.20% 7.10% 7.50% 

Boric Oxide B2O3 3.2 6.60% 7.30% 

 

Glazes 

Special type of colorless porcelain applied to the surface of the 

completed ceramic restoration to give a glossy life like finish. They must 

have a lower fusion temperature & so contains lot of glass modifiers - makes 

them less chemically durable. They do not contain opacifiers. 

Metal (PFM) to milled and pressed brand-named processes with one 

firing. Nova Ceramic Spray Glaze is formulated to increase efficiency and 

productivity by allowing technicians to stain, add-on contacts and glaze in a 

single bake and can be applied to single or multiple units in less than 10 

seconds to one or multiple units without distorting characterization stains or 

anatomical details. 

Stains 

Porcelain powder containing high concentration of color modifiers 

Lower fusion temperature- by increased glass modifiers Stains are used to 

provide individual color variation in the finished restoration 

Other reinforced core porcelains 

 MgAL2O4 (spinell) 

 Leucite (leucite reinforced porcelain) 

 These reinforced porcelain are stronger than regular feldspathic 

porcelains & used to create a stronger inner core which imparts 

strength to the ceramic 
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Abstract 

Cancerous lesions do not produce unique symptoms. The majority are 

asymptomatic in the early stages. Clinical symptoms may vary from lump, 

pain, ill-fitting denture, teeth mobility, paraesthesia, to neck swellings, 

restricted mouth opening and restricted tongue movement. Clinically 

squamous cell carcinoma present as exophytic, leukoplakic, erythroplakic. An 

exophytic lesion typically has a surface that is irregular, fungating, papillary, 

or verruciform. The endophytic growth pattern has a depressed, irregularly 

shaped, ulcerated, central area with a surrounding rolled border of normal, red 

or white mucosa. The leukoplakic and erythroplakic examples are probably 

early cases that have not yet produced a mass or ulceration 

Keywords: neck swellings, exophytic, leukoplakic, erythroplakic 

Introduction 

Neoplasia refers to new growth. A neoplasm, as defined by Willis, is an 

abnormal mass of tissue, the growth of which exceeds and is uncoordinated 

with that of the normal tissue and persists in the same excessive manner after 

the cessation of the stimuli which evoked the change [1]. 

Tumors of the head and neck comprise an important group of neoplasms, 

the incidence of which is increasing in many parts of the world [2]. 

Among head and neck neoplasms, oral cancer is the eleventh most 

common cancer world-wide; with an especially high incidence reported in the 

Indian subcontinent, Australia, France, Brazil, and south Africa [2]. 

Approximately 94% of all oral malignancies are squamous cell 

carcinomas [2]. They account for about nine of every ten oral malignancies [3]. 

They constitute a major health problem in developing countries, representing 

a leading cause of death [4]. 

Squamous cell carcinoma is defined as-a malignant epithelial neoplasm 

exhibiting squamous differentiation as characterized by the formation of 
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keratin and/or the presence of intercellular bridges (Pindborg JJ et al., 1997) 
[1]. 

Squamous cell carcinoma of the oral cavity accounts for approximately 

3% of all cancers in men and 2% in women [4]. It ranks 6th most common 

cancer in men after lung, prostrate, colorectal, stomach and bladder and liver 

and 12th most common cancer in women [4]. 

Oral Squamous cell carcinoma (ICD CODE: 8070/3) displays a strong 

and synergistic association with tobacco smoking and alcohol abuse [5]. Other 

etiological factors discussed in the literature are alcohol, viruses, diet, immune 

deficiency, Candidal infection, syphilis and family history of HNSCC [6]. 

Basic pathology behind the occurrence of SCC is the genetic mutation in 

the squamous cells induced by suppression of tumour suppressor genes and 

promotion of oncogenes. Factors suggested to be responsible for this mutation 

are the carcinogenic agents (example nitrosamines in tobacco) [7]. 

The resultant effect of this mutation is, uncontrolled and uncoordinated 

growth of cells presenting clinically most often as an nonhealing 

ulceroproliferative growth [7]. 

Even in the present era, gold standard methodology for the diagnosis of 

SCC is histopathological examination. Histopathologically, this tumor shows 

proliferation of squamous cells displaying architectural and cytological atypia 

with or without invasion of the deeper structures. Based on the distinct clinical 

and histopathological features, SCC has been classified in the literature, into 

various variants like Verrucous carcinoma, basaloid squamous cell carcinoma 

and so on [7]. 

Depending on the clinical presentation and histopathological features, 

staging and grading of the lesion is done. This procedure of staging and 

grading aids in formulating the treatment plan and predicting prognosis on a 

long term, since SCC, similar to any other malignant neoplasm can undergo 

invasion and metastasis leading to secondary tumors [7]. 

As per the literature, SCC is usually preceded by potentially malignant 

disorders such as leukoplakia and erythroplakia. Hence, prompt early 

diagnosis and routine screening for these premalignant disorders can prevent 

the occurrence of more dreadful SCC [8]. 

Routine treatment for this fatal disease is surgical excision with or without 

radiotherapy and subsequent submission of the specimen for assessing 

surgical margins and final diagnosis which will aid in determining the 

prognosis [8]. 

“Prevention is better than cure” 
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Clinical features 

OSCC is most common in elderly men. Cancerous lesions do not produce 

unique symptoms. The majority are asymptomatic in the early stages. 

Symptoms of oral cancer, most of the times mimic the symptoms of lesions 

produced by common oral diseases. The common signs and symptoms of oral 

cancer are [9]: 

 Lump or swelling 

 Rough spot 

 Crust 

 Pain or tenderness 

 Bleeding 

 Change in bite 

 Loose tooth or teeth 

 Malfitting denture 

 Neck lump or swelling 

 Restriction of the tongue 

 Change in jaw movement 

 Dysgeusia 

 Hyperesthesia, paraesthesia, or anesthesia 

 Paresis or paralysis 

 Diplopia 

 Chronic cough 

 Speech change 

 Voice change 

 Dysphagia 

 Symptoms of distant primary 

Clinical presentation 

Oral squamous cell carcinoma has a varied clinical presentation, 

including the following [10, 11]: 

 Exophytic (Fig 1) 

 Endophytic (Fig 2) 

 Leukoplakic (Fig 3) 
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 Erythroplakic (Fig 4) 

 Erythroleukoplakic 

An exophytic lesion typically has a surface that is irregular, fungating, 

papillary, or verruciform, and its color may vary from normal to red to white, 

depending on the amount of keratin and vascularity. The surface is often 

ulcerated, and the tumor feels hard on palpation [11]. 

The endophytic growth pattern has a depressed, irregularly shaped, 

ulcerated, central area with a surrounding rolled border of normal, red or white 

mucosa. The rolled border results from invasion of the tumor downward and 

laterally under adjacent epithelium. This appearance is not unique to oral 

carcinoma because granulomatous lesions, such as deep fungal infections, 

tuberculosis, tertiary syphilis, oral lesions of Wegener’s granulomatosis or 

Crohn’s disease, and chronic traumatic ulcers, may look similar [11]. 

The leukoplakic and erythroplakic examples are probably early cases that 

have not yet produced a mass or ulceration. These mucosal surface changes 

typically are destroyed by the developing exophytic or endophytic mass, but 

many cases are diagnosed before their complete destruction and show residual 

precancerous lesions involving adjacent mucosa [11]. 

Differential diagnosis 

 Traumatic ulcer 

 Ulcer from odontogenic infection 

 Major aphthous ulcer 

 Low grade mucoepidermoid tumor 

 Metastatic tumor 

 Keratoacanthoma 

 Necrotizing sialometaplasia 

 Systemic mycosis 

 Chancre 

 Gumma 

 Ulcers secondary to systemic diseases 

Squamous cell carcinoma is the most common malignant ulcer of the oral 

mucosa. A lesion is most likely a squamous cell carcinoma, however, if [12] 

 The patient is over 40 years of age, male and smokes or drinks 

heavily 
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 There is no evidence, that the lesion is related to trauma or systemic 

disease 

 The serological findings are negative and presence of spirochetes 

cannot be demonstrated 

 The lesion is not located in the posterolateral region of the hard palate 

Rupture of cystic area in a low grade mucoepidermoid tumor may reveal 

a striking resemblance to squamous cell carcinoma; but if the lesion is situated 

in the posterolateral region of region of hard palate, it is most likely to be a 

minor salivary gland tumor [9]. 

If the lesion in question is painless, the possibility that it is a traumatic 

ulcer, a chancre, an ulcer secondary to systemic disease, or major aphthae is 

eliminated [9]. 

If an odontogenic infection cannot be found, the probability that it is an 

odontogenic ulcer is lessened [9, 12]. 

Intraoral gummas occur more commonly in the midline of the palate or 

tongue and are rare in industrialized countries [9, 12]. 

Ulcers secondary to systemic diseases are usually short term, but they 

may persist if the predisposing systemic disease is not corrected. They may be 

confused with any of the shallow persistent ulcers. Usually systemic problems 

become apparent through the history or clinical examination and prompt 

proper diagnosis. These ulcers are usually painful and have minimal bases [9, 

12]. 

A traumatic ulcer can be generally ruled out by establishing the absence 

of physical. Injury [1, 9, 11, 12] 

Necrotizing sialometaplasia is basically a self-limiting disease that 

usually heals in 6-12 weeks. The lesion is usually a nodule of slight elevation, 

and the surface may be ulcerated. During its ulcerated stage, it very much 

resembles a squamous cell carcinoma and an ulcerated mucoepidermoid 

carcinoma. Biopsy is indicated to establish the diagnosis [1, 11, 9, 12]. 

Keratoacanthoma is similar to ulcerative types of squamous cell 

carcinoma. It rarely occurs in the oral mucosa but often is seen on the lower 

lip, where it may look identical to a squamous cell carcinoma. Its rapid growth 

may help differentiate it from carcinoma, but excision is necessary. 

Histopathological differences between keratoacanthoma and squamous cell 

carcinoma are not significant and established, thus not reliable for 

differentiation [1, 9, 11]. 
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Major recurrent aphthous ulcer is a persistent ulcer that may closely 

resemble a squamous cell carcinoma on clinical examination. However, two 

striking features help the clinician to rule out malignancy. 

They are [9, 12]: 

 Severe pain 

 Broad inflammatory (non-velvety red) border 

Radiographic features 

Destruction of underlying bone, when present, may be painful or 

completely painless and it appears on radiographs as a moth-eaten 

radiolucency with ill-defined or ragged margins [11]. 

Intraoral and dental radiographs (Fig 5), in combination with 

orthopantomography, may help in identifying involvement of the underlying 

bone. Three-dimensional imaging with computed tomography (CT) and 

magnetic resonance imaging (MRI) is frequently used to supplement the 

clinical evaluation and staging of the primary tumour and regional lymph 

nodes [8]. 

 

Fig 5: Intra-oral periapical radiographs showing ill-defined radiolucency, 

displacement and resorption of apical parts of roots of teeth in the areas of lesion 

CT scan or MRI gives more information about the local extent of the 

disease and can also help to identify lymph node metastases. CT scanning is 

useful in evaluating involvement of cortical bone. MRI is more informative 

when evaluating the extent of soft tissue and neurovascular bundle 

involvement. The combination of soft tissue characterisation and anatomical 

localization afforded by CT and MRI make them valuable tools in the 

preoperative assessment of patients with oral or oropharyngeal cancers [8, 11]. 

Distant metastasis from oral and oropharyngeal cancer is uncommon at 

presentation. At minimum, a routine radiograph of the chest is performed to 

rule out lung metastases [8]. 
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Site specific clinical features 

Squamous carcinoma can occur in any of the following oral sites (Fig 6): 

 Lip (C 00) 

 Buccal mucosa (C 14) 

 Gingiva (C 03) 

 Retromolar trigone (C 06) 

 Floor of the mouth (C 04) 

 Tongue (C 01 & C02) 

 Palate (C 05) 

Site specific clinical features are as follows: 

 

Fig 6: High risk oval-site of poor prognosis 

Carcinoma of lip 

Incidence & Prevalence 

The incidence of carcinoma of lip varies from series to series. It represents 

about 24-30% of oral cancers [13, 14, 15], 12% of head and neck cancers & less 

than 1% of all human malignancies [15]. 

Age & Gender predilection 

This anatomical location is more frequently involved in women than in 
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men (50-80 years). The relative overall paucity of lip cancer in women has 

been attributed to the use of lipstick, which acts as a sunscreen, and to less 

outdoor exposure both of which makes females less susceptible to the 

cumulative effects of actinic damage. The carcinoma of upper lip grows 

rapidly than those of the lower lip. The vermilion border that is, exposed strip 

of modified mucosa between the mucocutaneous junction and the point of 

contact of the lips is most commonly affected [16]. 

Race 

Lip cancer is virtually unknown in blacks and other dark-complexioned 

races [16]. This apparent immunity is presumably due to the protection against 

actinic radiation afforded by the large amounts of melanin inherently present 

in these individuals [7]. Carcinoma of lip is quite rare in Asians [18]. 

Clinical presentation 

The lower lip is affected in from 85 to 98% of cases and most patients are 

men in all lip cancers. Upper lip accounts for 1.8 to 7.7% of all lip cancers [19]. 

The early lesion is described as a focus of thickening1 and a generalized 

variegated area, with a red and white blotchy appearance; an area that imparts 

a dry atrophic appearance, with foci of whitish thickening; an area of persistent 

chapping, with localized flaking and crusting [20]; or a fissure that refuses to 

heal [21]. 

As lesion progresses it may present as an exophytic, infiltrating or 

fungating mass [21]. However the most typical appearance is that of an ulcer [1, 

20]. An important diagnostic feature is induration, which can be palpated at the 

periphery of the tumor [22]. 

Carcinoma of lip is usually associated with actinic cheilitis. SCC, usually 

well differentiated is seen in 6-10% of patients with actinic cheilitis. Such 

malignant transformation seldom occurs before 60yrs of age, with resulting 

carcinoma typically enlarging slowly and metastasizing only at a late stage [11]. 

Carcinoma of upper lip grow rapidly, those of lower lip generally tend to 

progress slowly [23]. Usually, perineural spread is limited to within 15 mm of 

the primary tumor, but extension along the inferior alveolar nerve, through 

foramen ovale and into the skull, accompanied by multiple cranial nerve 

palsies or meningeal spread has been documented [24]. 

Usually perineural spread is limited within 15 mm of primary tumour. In 

such conditions, patient might present with numbness of chin, or in cases of 

spread to cranial nerves through inferior alveolar nerve, patient might present 

with paralysis of cranial nerves [19]. 
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Carcinoma of buccal mucosa 

Incidence & prevalence 

Krolls & Hoffman found 245 examples which represented 2% of the 

14,253 cases of all oral-oropharyngeal cancers in the files of the Armed Forces 

Institute of Pathology [25]. Other authors have observed an incidence of 1-10% 
[26]. In India, where chewing betel nuts and tobacco is a common practice, it 

constitutes 44% of all squamous cell carcinomas of the oral cavity [27]. 

Age 

Most cases occur in the sixth and seventh decades of life, with over 90% 

developing after the age of 40 years [19]. 

Race 

Leffal and White mentioned in their study that squamous cell carcinoma 

of buccal mucosa is infrequent in blacks [28]. 

Clinical presentation 

According to Waldron‘s description [28], early carcinoma may present as 

an area of leukoplakia, an irregular erythematous patch erythroplakia or a 

papillomatous exophytic mass with a roughened surface that is white or pink. 

In its fully developed form, squamous cell carcinoma exhibits one of the three 

clinical patterns: 

 Exophytic 

 Ulcerative or infiltrative 

 Verrucous 

All the foregoing varieties of carcinoma usually develop along or inferior 

to the line opposing the plane of occlusion and most often affect the middle or 

posterior compartment of the buccal mucosa [29, 30]. 

Martin & Pflueger [31] reported that extension beyond the mucosa of the 

cheek had taken place by the time of admission in 61% of their patients, region 

vise extension as follows (Table 1): 

This propensity for extension beyond the buccal mucosa appears to be 

related to the size of the tumor [32]. 

Invasion of the lateral pharyngeal wall, anterior tonsillar pillar, retromolar 

trigone or the palate is a frequent occurrence in patients in whom the tumor 

originates in the posterior portion of the buccal muciosa [29]. 
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Table 1: Extension percentage of carcinoma of buccal mucosa 

Region of extension Percentage (%) 

Upper jaw 7 

Lower jaw 18 

Both upper & lower jaw 8 

Mucosa overlying ascending ramus of mandible 11 

Upper jaw & Mucosa overlying ascending ramus of mandible 4 

Lips 13 
 

Lymphnode metastasis is limited to the ipsilateral submandibular group 

and characteristically occurs only late in the course of the disease [33]. 

Carcinoma of gingiva 

Incidence & prevalence 

Carcinoma of gingiva constitutes approximately 1% of all cancers and 

from 4 to 16% of all oral cancers. If the lips are omitted, carcinoma of the 

gingiva is the third most common intraoral malignancy, exceeded only by 

cancer of the tongue and floor of the mouth [34]. The most common attributed 

etiological factor for gingival squamous cell carcinoma in India is the use of 

mishri (smokeless tobacco rubbed over the gingiva) [11]. Carcinoma of gingiva 

is also termed as Indian oral cancer because of increased occurrence in India 
[9]. 

Age 

It is primarily a disease of elderly, with the vast majority of cases 

occurring in individuals 50 years of age or older. This disease usually involves 

the mandibular region and affects women more frequently [19]. 

Race 

Krolls & Hoffman have found that gingival carcinoma represents the most 

frequent malignancy in blacks [34]. 

Clinical presentation 

Gingival carcinoma presents as an area of erythema, an ulcer, or an 

exophytic, proliferative mass. Rarely, the tumor may present as a pigmented 

mass [35, 36]. Fixed gingiva is more frequently affected than free gingiva and 

edentulous ridges more often than dentulous regions [36]. 

Soreness or gingival pain is the predominant manifestation. In advanced 

lesions additional signs and symptoms include toothache, induration and 

fixation of tissue. Typically this cancer extends along the periodontal 
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membrane, with destruction of the supporting bone, resulting in loosening of 

the teeth [37]. 

Clinical differential diagnosis 

 Epulis fissuratum 

 Advanced Periodontitis 

 Endodontic-Periodontics lesion 

On the alveolar ridge the carcinoma often grows in the form of a flat, 

elongated ulcer [38]. Lateral spread of a maxillary lesion eventually involves 

the mucobuccal fold and soft tissues of the cheek, whereas median extension 

results in invasion of the hard palate or tonsillar pillar. In the mandible, cancer 

of the buccal-labial aspects of the gingiva can spread into the vestibule, cheek, 

lower lip and chin, those arising from the lingual surface extend into the floor 

of the mouth and ventral surface of the tongue [39]. Because of its close relation 

to the gingiva and alveolar mucosa, the underlying bone is usually involved 

early in the course of the disease [19]. If this process reaches the mandibular 

canal, the inferior alveolar nerve may become involved and paresthesia may 

develop [39]. In the maxilla, penetration of the antrum is a frequent occurrence. 

A foul odor becomes apparent, and bleeding may ensue [39]. 

Location of the lesion determines the probability of metastasis. Eric et al. 

mentioned that in about 30-32% of patients with mandibular carcinomas, 

lymphnode metastasis was present compared to 9-14% of patients with 

maxillary bone involvement [40]. 

Soo et al. evaluated cervical metastasis in 109 cases, and accordingly 

concluded that incidence of nodal metastasis was [37]: 

 T1-24% 

 T2-36% 

 T3-21% 

 T4-63% 

Carcinoma of alveolar ridge 

Incidence & Prevalence 

SCC of the alveolar ridge constitutes from 7% to 18% of all intraoral 

cancers, including cancer of the lip [41]. 

Clinical presentation 

Tumors at this site may be ulcerating or exophytic. As they occur at sites 

naturally firmly connected to bone, tumors at this location are always fixed to 
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the bone. Radiographs are needed to assess the extent of bone involvement, 

which may be either by erosion, resorbing bone over a broad front, or 

penetration through Haversian canals and marrow spaces, the former growth 

pattern known as expansive and the latter as infiltrative. There are some 

indications that initially, when only the alveolar ridge is involved, SCC 

exhibits an expansive growth pattern, whereas the infiltrative pattern is 

associated with growth of the tumor into the basal bone, which is less easily 

resorbed. The variation in patterns of bone involvement have until now not be 

shown to have any relationship with metastatic rate or other established 

clinicopathologic parameters. However, recognizing the variation in bone 

involvement by tumor is necessary to correlate histologic findings with 

preoperative radiographs. In cases with an expansive growth pattern, the 

radiographs will give a reliable picture of the extent of bone involvement, 

whereas in cases with an infiltrative pattern of bone involvement, the real 

tumor size will be underestimated as the tumor penetrates bone with an 

initially undisturbed architecture [41]. 

SCC of the lower alveolar ridge is second to SCC of the tongue in its 

frequency of lymph node metastasis; an average of 30% is mentioned; the 

nodes mostly involved are the submandibular and upper jugular nodes. Owing 

to this high frequency of metastasis, elective treatment of the neck should be 

considered for patients with primary tumors that overlie the symphysis, are 

moderately or poorly differentiated, or display radiographic or histologic 

evidence of mandibular invasion. The 5-year survival rate varies from 70% to 

30% depending on the T stage [41]. 

Carcinoma of Retromolar trigone 

Squamous cell carcinoma of the retromolar trigone occurs primarily in 

men in the 55-70-year age range. Most present with a sore throat, referred 

otalgia, or trismus. At the time of diagnosis, approximately 50-75% of 

tumours are smaller than 4 cm, and 27-60% are associated with clinically 

positive cervical lymph nodes, especially the submandibular and 

jugulodigastric nodes [19]. 

Carcinoma of floor of the mouth 

Incidence & Prevalence 

It accounts for about 0.48-0.8% of all human cancers, 9% of all head and 

neck cancers and 15- 20% of all malignant lesions of the oral cavity. It is 

predominantly a disease of the elderly, with almost all cases occurring in the 

sixth and seventh decades of life. In general men are affected three to four 

times as often as women [19]. 
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Clinical presentation 

The tumors can develop de novo or from a preexisting focus of 

leukoplakia or erythroplakia. Although any segment can be affected, the most 

common site is the anterior compartment near lingual frenum [42]. 

Typical clinical manifestation is that of an ulcer without any symptoms. 

As the tumor progresses, the patient may experience a feeling of discomfort, 

pain, excessive salivation, swelling or haemorrhage [43]. Proximity to, or actual 

invasion of tongue frequently produce some limitation of movement, resulting 

in slurring of speech [43]. Deep infiltration is suggested by the loss of sensation 

in the distribution of the lingual and mental nerves [44]. 

Neoplasms occurring in anterior floor of the mouth commonly advance 

across the midline or extend into the overlying papilla or into the distal end of 

Wharton‘s duct itself. This particular phenomenon can eventuate in varying 

degrees of xerostomia and other symptoms indicative of salivary gland 

dysfunction secondary to obstruction [45]. 

In general, nodes most commonly involved are of the submandibular 

triangle and upper jugular chain. Dissemination to the mid jugular, lower 

jugular and posterior cervical nodes occurs less often, and involvement of 

submental nodes is only rarely encountered.46 

Feind and cole showed that patients who had midline lesions exhibited 

high incidence of contralateral nodal involvement, with most of them affecting 

the submandibular and upper jugular nodes. Anterolateral caceres 

demonstrated prevalence to homolateral or contralateral submandibular and 

upper jugular dissemination. Contralateral spread generally remains localized 

to the submandibular and upper jugular lymphnodes. Posterior lesions 

metastasize to the homolateral submandibular, upper AMD mid jugular and 

posterior groups [47]. 

From histological stand point, the incidence of cervical lymphnode 

metastasis increases significantly when the tumor has penetrated more than 

1.5-2.0 mm. It has also been observed that T1 and T2 tumors usually grow in 

a horizontal manner with only superficial involvement of the submucosa. 

Conversely, T3 and T4 tumors generally have extensive submucosal and deep 

soft-tissue invasion with corresponding high frequency of regional metastasis. 

These observations are explained on anatomical basis. Superficial lymphatic 

channels are of small caliber and tumor embolization is difficult and hence 

rare. However, when the underlying submucosa is penetrated, the caliber of 

the collecting lymphatic trunks is large enough to facilitate tumor 

dissemination [52]. Distant metastasis are unusual, occurring in only 10% of 

patients [48]. 
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Squamous cell carcinomas of floor of the mouth are among the most 

aggressive and potentially fatal neoplasms of the oral cavity. The difficulty in 

controlling the carcinomas locally and regionally can be attributed to their 

proximity to the mandible and also to the intrinsic poor mechanical barrier to 

spread [41]. 

Carcinoma of tongue 

Anterior two thirds of tongue 

It is the second most common malignancy of oral cavity. It is two times 

more common in men and at the time of diagnosis most patients fall between 

40-80 years of age [19]. 

Clinical presentation 

Typically patients present with a painless, indurated ulcer on the lateral 

border of the tongue, several months of duration. Because often the ulcer is 

often only the tip of the iceberg‖ it is imperative that the lesion be manually 

palpated to appreciate its third dimension. Exophytic growths and lesions that 

are painful, result in dysphagia or referred otalgia are less common [49]. May 

be preceded by leukoplakia or erythroplakia, or may arise denovo [19]. 

Posterior one third of tongue 

Of all lingual squamous cell carcinomas 23-30% arises in this site [50]. 

Age & gender: 

The tumor is two to five times more common in men and mean age of 

diagnosis is about 60 years [51]. 

Clinical presentation 

Because base of tongue is a silent area, not easily amendable to self-

inspection, the tumors in this site are quite large at the time of diagnosis. The 

most common preceding symptom is a sore throat. Others include referred 

otalgia, dysphagia, hot potato voice, bleeding, weight loss, neck mass, 

sensation of foreign body in the throat, and trismus [19]. 

The tumor on physical examination presents as an ulcerative infiltrative 

growth, the extent of which can best be appreciated by palpation. Deep 

infiltration to the base of the tongue is manifested by limited ability to protrude 

tongue, dysphagia, induration of the suprahyoid tissue [50, 52]. 

In about 25% of cases, the tumor will extend into the adjacent structures, 

such as the floor of the mouth, gingiva, mandible or base of the tongue [53]. 

The median raphael of the tongue conveys no special resistance to tumor 
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invasion and when breached the incidence of contralateral or bilateral cervical 

lymphnode metastasis increases. Likewise the circumvallate papillae that 

separate the two major divisions of the tongue offer no anatomical barrier [54]. 

Carcinoma of palate 

Incidence 

A retrospective review of 82 patients treated at the Massachusetts General 

Hospital from 1962 through 1976 for squamous cell carcinoma of the 

maxillary and mandibular alveolar ridge and soft and hard palates comprised 

only 9% and 5% of cases [19]. 

Age & Gender 

Squamous cell carcinoma of the alveolar ridge and hard and soft palate 

remains a disease of the elderly.1 Various studies reveal female predominance 

and this is attributed to increased alcohol and tobacco consumption by women. 

The majority of patients with squamous cell carcinoma of the alveolar ridge 

and hard palate presented with Early Stage (I and II) [19]. 

Clinical presentation 

The first sign of the disease is usually a lump or ulcer that may or may 

not be painful, but occasionally bleeds. In reverse smokers, however, the 

cancer usually develops as an ulcer lateral to the midline in the glandular zone 

of hard palate [10]. 

41% 5-year survival for squamous cell carcinoma of the soft palate and 

54% for cancer of the hard palate is only slightly superior to that reported by 

other institutions since the 1940s [19]. 

At the time of diagnosis, about half of the tumors are localized to the hard 

palate, 30% have been seemed to invade adjacent structures, 15-30% 

associated with positive cervical lymphnodes, 5% of which are bilateral [55]. 

From the hard palate, the cancer may spread to invade the underlying 

bone, floor of the nasal cavity, maxillary sinus, gingiva, and soft palate. The 

lymphatics of the hard palate leave the maxillary area beyond the third molar 

tooth and empty into the submandibular and sub digastric lymphnodes. 

Systemic metastasis is rare. 



 

Page | 64 

Colour plate-I 

  

  

  

  

References 

1. Rajendran R, Sivapathasundaram B. editors. Shafer‘s Textbook of Oral 

Pathology. 7th ed. Noida (India): Elsevier Inc, 2012. 

2. Llewellyn CD, Johnson NW, Warnakulasuriya KAE. Risk factors for 

squamous cell carcinoma of the oral cavity in young people-a 

comprehensive literature review. Oral Oncol. 2001; 37(5):401-18. 

3. Kreimer AR, Clifford GM, Boyle P, Franceschi SF. Human 

papillomavirus types in head and neck squamous cell carcinomas 

worldwide: a systematic review. Cancer Epidemiol Biomarkers Prev. 

2005; 14(2):467-75. 

4. Moore GE, Bissinger LL, Proehl ECF. Intraoral cancer and the use of 

chewing tobacco. J Am Geriatr Soc. 1953; 1(7):497-506. 

5. Cardesa A, Zidar N, Eren˜o C. Basaloid squamous cell carcinoma. In: 

Barnes L, Eveson JW, Reichart P, Sidrasky D, editors. Pathology and 

Fig 1: Exophytic squamous 

cell carcinoma 
Fig 2: Endophytic 

squamous cell carcinoma 

Fig 3: Leukoplakic clinical 

appearance 
Fig 4: Erythroplakic 

clinical appearance 



 

Page | 65 

genetics of head and neck tumours. Kleihues P, Sobo´n LH, series editors. 

World Health Organization classification of tumours. Lyon, France: 

IARC Press, 2005, 124-5. 

6. Blot WJ. Alcohol and cancer. Cancer Res. 1992; 52(7):2119s-2123s. 

7. Mehrotra R, Yadav S. Oral squamous cell carcinoma: etiology, 

pathogenesis and prognostic value of genomic alterations. Indian J 

Cancer. 2006; 43(2):60-6. 

8. IARC. Cancer incidence in five continents, 1. Available from: 

http://wwwdep.iarc.fr. 

9. Wood N, Goaz P. Differential diagnosis of Oral and Maxillofacial lesions. 

5th ed: Elsevier, 2006. 

10. Smokeless Tobacco and Some Tobacco-specific N-Nitrosamines. 

Available from http://monographs.iarc.fr/ENG/recentpub/mono89.pdf 

11. Neville BW, Damn DD, Allen CM, Bouquot JE. Oral and maxillofacial 

pathology. 2nd ed. Philadelphia: Saunders, 2006. 

12. Eversole LR. Clinical Outline of Oral Pathology: Diagnosis and 

treatment. 3rd ed.: BC Decker, 2002. 

13. Sunlight as an environmental factor in cancer of the skin. Mil Med. 1955; 

117(3):202-8. 

14. Squamous cell carcinoma of the lip. Plast Reconstr Surg. 1987; 

80(6):787-91. 

15. Male Oral Cancer: correlation of incidence with mortality and population 

characteristics. J Can Dent Assoc (Tor). 1970; 36(1):26-9. 

16. Chen J, Katz RV, Krutchkoff DJ, Eisenberg E. Lip cancer. Incidence 

trends in Connecticut, 1935-1985. Cancer. 1992; 70(8):2025-30. 

17. Hornback NB, Shidnia H. Carcinoma of the lower lip. Treatment results 

at Indiana University Hospitals. Cancer... of the lip. Can Assoc Radiol J. 

1955; 6:41-46. 

18. Natl Cancer Inst Monogr. Ten Seldam REJ. Skin cancer in Australia. 

1963; 10:181-23. 

19. Barnes L. Editor. Surgical Pathology of the Head and Neck. 2nd ed: 

marcel Dekker, 2001, 1. 

20. La Riviere W, Pickett AB. Clinical criteria in diagnosis of early squamous 

cell carcinoma of the lower lip. J Am Dent Assoc. 1979; 99(6):972-7. 



 

Page | 66 

21. Yonkers AJ, Yarington CT Jr. Cancer of the lip. Laryngoscope. 1972; 

82(4):625-30. 

22. Solomon LM, Rosenthal I, Klapman M. Tumor of lower lip. Arch 

Dermatol. 1970; 101(2):241-4. 

23. Molnár L, Rónay P, Tapolcsányi L. Carcinoma of the lip. Analysis of the 

material of 25 years. Oncology. 1974; 29(2):101-21. 

24. Naval L, Fraga J, López Elzaudia C, Monje F, Díaz GF, Alamillos F et 

al. Perineural dissemination in labial carcinoma. Rev Stomatol Chir 

Maxillofac. 1990; 91(1):65-9. 

25. Krolls SO, Hoffman S. Squamous cell carcinoma of the oral soft tissues: 

a statistical analysis of 14,253 cases by age, sex, and race of patients. J 

Am Dent Assoc. 1976; 92(3):571-4. 

26. Bloom ND, Spiro RH. Carcinoma of the cheek mucosa. A retrospective 

analysis. Am J Surg. 1980; 140(4):556-9. 

27. Rao DN, Ganesh B, Rao RS, Desai PB. Risk assessment of tobacco, 

alcohol and diet in oral cancer-a case-control study. Int J Cancer. 1994; 

58(4):469-73. 

28. Leffall LD Jr, White JE. Cancer of the oral cavity in negroes. Surg 

Gynecol Obstet. 1965; 120:70-2. 

29. Martin HE, Pflueger OH. Cancer of the cheek (buccal mucosa). Study of 

ninety-nine Cases with results of treatment at the end of five years. Arch 

Surg. 1935; 30:731-747. 

30. Vegers JWM, Snow GB, Van Der Waal I. Squamous cell carcinoma of 

the buccal mucosa. A review of 85 cases. Arch Otolaryngol. 1979; 

105:192-197. 

31. Sitheeque MA, Samaranayake LP. Chronic hyperplastic candidosis/ 

candidiasis (Candidal Leukoplakia). Crit. Rev Oral Biol. Med. 2003; 

14(4):253-67. 

32. Hecht SS. Lung carcinogenesis by tobacco smoke. Int J Cancer. 2012; 

131(12):2724-32. 

33. Extent of surgical resection for advanced cancer of buccal mucosa. Surg. 

Gynecol. Obstet. 1973; 137:31-34. 

34. Barasch A, Gofa A, Krutckoff DJ, Eisenberg E. Squamous cell carcinoma 

of the gingiva. A case series of analysis. Oral Surg. Oral Med Ora Pathol. 

Oral Radiol. Endod. 1995; 80:183-187. 



 

Page | 67 

35. Waldron CA. Oral epithelial tumors. In: Thoma‘s Oral Pathology (Gorlin 

RJ, Goldman HM, eds). St Louis: CV Mosby, 1970, 834-835. 

36. Kuwabara H, Uda H, Miyaguchi M, Nagai M, Saito K, Shibanushi T. 

Pigmented squamous cell carcinoma of the alveolar ridge in the oral 

mucosa. Oral Surg. Oral Med Oral Pathol. 1994; 77:61-65. 

37. Soo K, Spiro R, King W, Harvey W, Strong E. Squamous cell carcinoma 

of the gums. Am J Surg. 1988; 156:281-5. 

38. Pindorg JJ. Oral Cancer and Precancer. Bristol: John Wright & Sons, 

1980, 86-93. 

39. MacComb WS, Fletcher GH, Healey JE Jr. Intra-oral cavity. In: Cancer 

of the Head and Neck (MacComb WS, Fletcher GH eds). Baltimore: 

Williams & Wilkins, 1967, 89-151. 

40. Erich HB, Kraugh LV. Results of treatment of squamous cell carcinoma 

arising in mandibular gingiva. AMA Arch Surg. 1959; 79(1):100-5. 

41. Shah J, Johnson NW, Batsakis J. Oral Cancer: Martin Dunitz, 2003. 

42. Ballard BR, Suess GR, Pickren JW, Greene GW Jr, Shed DP. Squamous 

cell carcinoma of the floor of the mouth. Oral Surg. Oral Med Oral Pathol. 

1978; 45:568-579. 

43. Shafer WG, Waldron CA. Erythroplakia of the oral cavity, Cancer. 1975; 

36:1021-1028. 

44. Alvi A, Myers EN, Johnson JT. Cancer of the oral cavity, In: Cancer of 

the Head and Neck, 3rd ed. (Myers EN, Uen JY, eds). Philedelphia: WB 

Saunders, 1996, 321-360. 

45. Daley TD, Lovas JGL, Peters E, Wysocki GP, McGraw TW. Salivary 

gland duct involvement in oral epithelial dysplasia and squamous cell 

carcinoma. Oral Surg. Oral Med Oral Patol. Radiol. Endod. 1996; 81:186-

192. 

46. Lindberg R. Distribution of cervical lymph node metastases from 

squamous cell carcinoma of the upper respiratory and digestive tracts. 

Cancer. 1972; 29(6):1446-9. 

47. Feind CR, Cole RM. Cancer of the floor of the mouth and its lymphatic 

spread. Am J Surg. 1968; 116(4):482-6. 

48. Kotwall C, Sako K, Razack MS, Rao U, Bakamjian V, Shedd DP. 

Metastatic patterns in squamous cell cancer of the head and neck. Am J 

Surg. 1987; 154(4):439-42. 



 

Page | 68 

49. Decroix Y, Ghossein NA. Experience of the Curie Institute in treatment 

of cancer of the mobile tongue. I. Treatment policies and results. Cancer. 

1981; 47:496-502. 

50. Suarez C, Rodrigo JP, Herranz J, Roal C, Alvarez JC. Extended 

supraglottic laryngectomy for primary base of tongue carcinomas. Clin 

Otolaryngol. 1996; 21:37-41. 

51. Mashberg A, Morriessey JB, Garfinkel L. A study of the appearance of 

early asymptomatic oral squamous cell carcinoma. Cancer. 1973; 

32:1436-1445. 

52. Jaulerry C, Rodriguez J, Brunin F, Mosseri V, Pontuert D, Brugere J et 

al. Results of radiation therapy in carcinoma of the base of the tongue. 

The Curie Institute experience with about 166 cases. Cancer. 1991; 

67:1532-1538. 

53. Spiro RH, Strong EW. Surgical treatment of cancer of the tongue. Surg 

Clin North Am. 1974; 54(4):759-65. 

54. Harrison D. The questionable value of total glossectomy. Head Neck 

Surg. 1983; 6(2):632-8. 

55. Evans JF, Shah JP. Epidermoid carcinoma of the palate. Am J Surg. 1981; 

142(4):451-5. 



 

Page | 69 

Chapter - 4 

Concepts of Radiographic Justification 

 

 

 

Authors 

Dr. Rathi Rela 

BDS MDS (Oral Medicine & Radiology), Assistant Professor, 

Department of Dentistry, Nalanda Medical College & Hospital, 

Patna, Bihar, India 

Dr. Daya Shankar 

BDS MDS (Orthodontist), Ex Assistant Professor, Department 

of Dentistry, Patna Medical College & Hospital, Patna, Bihar, 

India 



 

Page | 70 



 

Page | 71 

 

Chapter - 4 

Concepts of Radiographic Justification 
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Abstract 

Justification of radiographic examinations is the practice of evaluating 

requested radiological examinations to assess for clinical merit and 

appropriateness based on clinical notes and patient information. This implies 

that justification in radiography requires the evaluation of requested 

examinations, the justification of exposures being applied and determining 

whether patients fit the recommended criteria for the procedure 

Keywords: radiography, caries, dentition 

Introduction 

Any X-ray exposure entails a risk to the patient. Under normal 

circumstances the risk from dental radiography is very low. Nonetheless, it is 

essential that any X-ray examination should show a net benefit to the patient, 

weighing the total potential diagnostic benefits it produces against the 

individual detriment that the exposure might cause. The efficacy, benefits and 

risk of available alternative techniques having the same objective but 

involving no or less exposure to X-rays should be taken into account. 

In order that the justification process can be carried out, it is essential that 

selection of appropriate radiography is based on the individual patient’s 

history and a clinical examination. The ‘routine’ use of radiography on 

patients based on a generalised approach rather than individual prescription is 

unacceptable. A ‘routine’ or ‘screening’ examination is defined as one in 

which a radiograph is taken regardless of the presence or absence of clinical 

signs and symptoms. 

Choosing the appropriate radiographic examination should also be based 

upon consideration of the prevalence of diseases, their rates of progression and 

the diagnostic accuracy of the imaging techniques in question. Consulting 

guidelines facilitates the process of selecting radiographs. Such guidelines, 

called ‘referral criteria’ or ‘selection criteria’ exist for both medical and dental 

radiography. As with any guideline, these are not intended to be rigid 
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constraints on clinical practice, but a concept of good practice against which 

the needs of the individual patient can be considered. However, some dentists 

may refer patients for radiography to hospitals or dental colleagues where they 

do not have the necessary equipment in their own practices. When acting as a 

referrer, the dentist should ensure that adequate clinical information about the 

patient is provided to the person taking responsibility for the exposure. 

Dental caries diagnosis 

Caries risk must be assessed for all new patients and then subsequently at 

recall appointment as risk factors may change in the intervening period. By 

identifying patients who are at the greatest risk of dental decay, clinicians can 

effectively implement prevention techniques to maintain low caries risk status. 

Caries is a multifactorial disease requiring a wide-ranging assessment of 

categories of risk. The important categories identified during the systematic. 

Review were: 

 Clinical evidence of previous disease 

 Dietary habits 

 Social history 

 Use of fluoride 

 Plaque control 

 Saliva 

 Medical history 

When combined with the clinical judgement of the dentist, the use of these 

factors have been found to be an extremely efficient predictor of caries risk. 

Children 

The early enamel lesion progresses at a relatively slow rate taking at least 

two years to progress into dentine, although progression is not inevitable. 

Early diagnosis of these enamel lesions is important, as with intervention 

lesion progression can be slowed or reversed. 

Posterior bitewing radiographs are an essential adjunct to clinical 

examination. The initial clinical examination must include an assessment of 

caries risk (as high, medium or low). As outlined previously, the assessment 

of risk is relevant in determining when to take radiographs and therefore must 

be carried out at each subsequent recall examination ensuring that the time 

interval for radiography becomes patient-specific. It is feasible that adoption 

of the following recommendation may lead to more radiographs being taken. 
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However, this is justified as it will result in better patient care. In high caries 

risk children there is good evidence to support taking posterior bitewing 

radiographs at the initial examination, even in the absence of clinically 

detectable decay. The benefit is reported as being between 167% and 800% of 

the diagnostic yield from clinical diagnosis with or without fibre optic trans 

illumination assistance. Where a child is classified as high caries risk the 

subsequent bitewing examination should be after 6 months. Bitewing 

radiographs should not be taken more frequently than this and it is imperative 

to reassess caries risk in order to justify using this interval again. Evidence of 

no new or active lesions would be an indicator that the child had entered the 

moderate or low risk category. 

In moderate caries risk children the evidence also supports the diagnostic 

use of bitewing radiographs. Many authors report significant addition to the 

diagnostic yield from the use of bitewing radiographs, varying from 150% to 

270% of the yield from clinical examination alone. Where a child is classified 

as moderate caries risk the subsequent bitewing examination should be after 

12 months. Evidence of no new or active lesions would be an indicator that 

the child had entered the low risk category. 

In low caries risk children there is less good evidence to support the taking 

of posterior bitewing radiographs: diagnostic yield is lower than that with 

higher risk groups. Nevertheless, radiographs reveal 2-3 times more caries 

lesions than clinical examination alone. In low caries prevalence populations, 

it is suggested that selective radiography should be conducted of surfaces 

suspected clinically as being carious. Where caries population prevalence is 

not low, but a child is classified as low caries risk, the subsequent bitewing 

examination should be after 12-18 months in the deciduous dentition and 24 

months in the permanent dentition. More extended recall intervals may be 

employed if there is explicit evidence of continuing low caries risk. Selective 

radiography of suspect surfaces may be appropriate as an alternative to 

bitewing radiography where caries prevalence is low. There is comparatively 

little evidence evaluating the diagnostic yield of radiographs for caries in 

adults. Therefore, in the absence of research data guidelines have been devised 

by extrapolation of studies in children and young adults. 

Alternative methods to radiography for caries diagnosis 

Clinicians have recommended flossing teeth and the temporary separation 

of teeth, using orthodontic separators or wooden wedges, to assist in caries 

diagnosis during the clinical examination. 

Alternative methods to ionising radiation with which to diagnose caries 

have also been developed. These include established techniques such as 
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fibreoptic transillumination (FOTI) and electrical conductance measurements 

(ECM). Other newer emerging technologies include Quantitative Light-

induced Fluorescence (QLF), Infrared Laser Fluorescence (DIAGNOdent) 

and Digital Imaging Fiber Optic Transillumination (DIFOTI). Some of these 

techniques have limitations that affect their diagnostic or commercial 

availability and in some cases, their practicality within the dental, surgery. 

Others require further in vivo research and validation. However, several of 

these techniques have shown promise and may well become an accepted part 

of the routine diagnostic armamentarium of the practicing clinician in the 

future. 

Radiographs in the management of the developing dentition 

Many children seek orthodontic treatment. When such treatment is 

clinically required, most children are appropriately treated at around 12-13 

years of age and will require radiographs to confirm the presence and 

condition of all teeth. 

Occasionally, there will be a need for a radiographic examination at an 

earlier age where there is a serious departure from normal dental development 

or when a child attends in pain or after trauma. 

Children are subject to higher risks from X-ray exposure than are adults. 

Consequently the importance of justification for radiography is underlined. 

Usually the radiographic examination will consist of a panoramic radiograph 

(or right and left oblique lateral radiographs). Upper anterior occlusal 

radiographs are invariably required to supplement oblique lateral radiographs, 

but this is not the case for panoramic radiographs. Such films only provide 

additional information to the panoramic film in a minority of cases. Therefore 

they should be prescribed only after being justified by examining the 

panoramic radiograph. 

Orthodontic radiographs 

Radiography is needed following clinical examination in a proportion of 

orthodontic patients. In addition, a patient in the mixed dentition stage may 

well require radiography to determine if interceptive treatment is appropriate. 

When previous radiographs are available, these may already contain all the 

information that the clinician needs for further management. A clinical 

examination is necessary to ensure that the radiographs requested will be 

appropriate for the patient's specific orthodontic problem. Similarly, the need 

for radiography to monitor treatment progress is dependent upon a careful 

clinical assessment. Furthermore research using algorithms and clinical 

indicators, has shown that a marked reduction in the numbers of orthodontic 
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films is possible without compromising patient treatment. From these studies, 

the effect of radiographs on changing orthodontic diagnosis and treatment 

plans is limited ranging from 16% to 37% and 4% to 20% respectively. 

Cephalometric radiography is often requested for selected patients undergoing 

orthodontic treatment. In addition, a cephalogram should be taken at: 

 The end of functional appliance treatment to see the position to which 

the lowers anterior teeth have been proclined 

 The end of presurgical treatment for orthognathic cases 

 Just prior to the end of active fixed appliance treatment to assess the 

position of the lower incisors 

 When assessing the position of the lower incisors, the lateral 

cephalogram is recommended only if the information is going to 

change the orthodontist's decision on their finishing mechanics or 

retention regime 

Other views 

The poster anterior (PA) view of the face/head has been advocated in 

cases of patients who present with facial asymmetry. The value of hand or 

wrist radiography in clinical orthodontics has been questioned, as these views 

lack the reliability to predict growth spurts. Similarly, radiography for 

temporomandibular joint dysfunction cannot be justified and films taken for 

this reason have been shown to have no impact on treatment planning. 

Radiography in periodontal assessment 

The diagnosis of periodontal diseases depends on a clinical examination. 

This may be supplemented by radiographs if they provide additional 

information, which could potentially change patient management and 

prognosis. However, there is no clear evidence to support any robust 

recommendations on selection of radiographs. The posterior bitewing 

projection offers both optimal geometry and the fine detail of intraoral 

radiography for patients with small amounts of uniform bone loss. Bitewings 

have the additional advantage in that they may have already been indicated for 

caries assessment, providing information about bone levels without the need 

for an additional radiation dose. More complex or extensive bone loss would 

require different imaging. Vertical bitewing, periapical and panoramic 

radiographs all have uses, either alone or in combination. Where periapical 

radiographs are used, the paralleling technique is indicated as this gives a 

better geometrical perspective on the periodontal bone than the bisecting angle 

technique. 
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Radiography in endodontics 

Radiographs are essential for many aspects of endodontic treatment. It is 

appropriate to consider their role at the different stages of treatment. 

Pre-operative 

A periapical radiograph provides essential information about pulp and 

root canal anatomy that cannot be obtained in any other way. In addition it 

provides information about periradicular anatomy that may contribute to 

treatment planning or be essential if surgical endodontic treatment is being 

considered. 

Working length estimation 

Some types of electronic apex locators are reliable at identifying the 

apical constriction and are useful for locating perforations. However, using 

these devices in certain clinical situations can result in a degree of inaccuracy. 

In view of this, periapical radiography is often still required during working 

length estimation. It may be necessary to take two (or more) radiographs in 

order to determine the length of all the root canals in multi-rooted teeth. 

Pre-condensation 

If there is doubt about the integrity of the apical constriction, a check 

radiograph should be taken of the master gutta-percha cone before final 

condensation/obturation. 

Post-operative 

A periapical radiograph should be taken immediately following 

obturation as this gives a basic assessment of the quality of the root filling and 

a reference image of the periapical condition for subsequent review. 

New adult patients 

Many dentists follow a routine practice of examining new adult patients 

using panoramic or full-mouth intraoral radiography. As discussed above, 

such ‘routine’ practices are not acceptable. 

Most evidence shows that conventional panoramic radiography has lower 

diagnostic accuracy for the common dental radiographic diagnostic tasks 

(caries diagnosis, periapical diagnosis) than intraoral (bitewing and periapical) 

radiography. Over and above these common tasks, routine panoramic 

radiography in search of asymptomatic bony lesions without clinical signs is 

not justified because of the low prevalence of such abnormalities. There is no 

justification for review panoramic radiography at arbitrary time intervals. 
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Full-mouth periapical radiography can be criticised in the same way as routine 

panoramic radiography. ‘Routine’ radiography will inevitably lead to 

unnecessary X-ray exposure. Selected periapical radiography of new adult 

patients will improve the relative risk/benefit for patients. Taking periapical 

radiographs of teeth with clinical symptoms, and of those with a history of 

endodontic therapy and deep caries as shown on bitewing radiographs, 

revealed 90% of periapical lesions in one research study. Others have also 

reported the effectiveness of selection criteria for identification of periapical 

pathosis.  

The edentulous patient 

In the absence of any clinical signs or symptoms, there is no justification 

for any radiographic examination. The obvious exception is if implant 

treatment is planned, although if treatment is extensive other more advanced 

imaging (cross-sectional imaging) may well be appropriate. Where clinical 

examination identifies the possible presence of an abnormality, such as a 

possible retained root, then an intraoral radiograph of the site is the appropriate 

radiographic examination. 

Radiography in implantology 

Imaging is essential in implantology. In treatment planning, radiographs 

provide information on the quantity and quality of bone in the proposed site 

of implant placement. Following treatment, imaging is used to assess implant 

osteointegration, bone healing and to periodically review the fixture. The 

review of the literature displays a paucity of evidence-based guidelines on 

radiography for implantology. Evidence has, in the main, been derived from 

expert opinion and review papers. An assessment of these papers revealed 

inconsistencies and little reliable information on the frequency of follow-up 

radiography. The imaging modality chosen is often a function of the treatment 

phase and a reflection of the number of proposed implants and their position 

in the oral cavity.  

Pre-operative planning 

In evaluating a pre-operative site, the clinician requires information on: 

 The quality and quantity of bone 

 The buccolingual width and height of available bone 

 The inclination of bony contours 

 The presence of osseous undercuts 

  Evidence of atypical anatomy such as enlarged marrow spaces 
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 Presence of pathology 

 Exact location of certain anatomic structures (i.e. the maxillary 

antrum, inferior alveolar canal, the mental foramen etc) 

With the exception of reformatted computed tomography (CT), all 

radiographic projections are magnified. The magnification factor must be 

derived and any assessments of available bone height must be calculated 

having taken this factor into consideration. Magnification factors can be 

derived by use of a reference object in the same plane as the alveolus. 

Periapical radiographs taken for single tooth replacement require the use of 

film holders and the paralleling technique for optimum geometry. Optimum 

geometry is often difficult to achieve in the edentulous jaw. The magnification 

factor in panoramic radiography is particularly variable and the consensus of 

one expert committee was to recommend that the panoramic film should be 

augmented by tomography, either conventional or computed, in order to 

provide the information necessary for optimum implant placement. When 

imaging using either conventional or computed tomography to generate cross-

sectional images, proposed implants sites and/or tomographic Landmarks 

should be identified using surgical stents consisting of metal rods, balls or 

radiopaque markers. Conventional tomography is obtained either from 

dedicated software incorporated into panoramic equipment or from 

specifically designed X-ray machines for implantology. The latter comprises 

multimodal systems using narrow beam radiography and spiral tomography. 

In the past CT scanning has been restricted to general hospital facilities, 

however smaller dedicated head and neck CT imaging equipment is becoming 

more commonplace. Spiral CT techniques benefit from shorter scanning times 

and improved accuracy. 

Choice of radiographic techniques 

The number of implants and their proposed position in the oral cavity are 

often the main factors dictating the choice of imaging technique. A proportion 

of patients need advanced imaging especially in cases involving bone grafts 

and in those in which there are multiple potential implant sites. In these cases 

CT has been recommended. 

During surgery 

If any radiography is needed then periapical radiographs are readily 

available and use of digital imaging should be considered which offers the 

benefits of 'real-time’ imaging. 
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Postoperative assessment 

Radiography has been recommended to evaluate the implant 

postoperatively. The frequency and timing of review radiographs appears to 

be purely subjective. During the healing phase, radiography would obviously 

needed if the patient has clinical symptoms. If not, the next radiographic 

review should occur at 12 months and is considered essential to assess 

marginal bone levels. Subsequent review intervals range from annual reviews 

to once every three years. More frequent radiography is obviously needed if 

the patient is symptomatic. 

A paralleling technique intraoral radiograph will provide a precise high-

resolution image of bone height. The use of identical standardized intraoral 

radiographs enables the clinician to monitor longitudinally the fixture and 

adjacent bone levels. In screw-shaped implants, use can be made of the 

interthread distance to monitor mesial and distal bone loss. Digital 

radiography can be used to assess bone density, allow manipulation of the 

image and permit subtraction of two radiographs. 

Radiography prior to oral surgery and tooth extraction 

In the case of third molars, if clinical guidelines for removal have been 

met, a panoramic radiograph (or alternatively oblique lateral views) is the 

most appropriate radiographic examination. The panoramic radiograph or 

oblique lateral views will provide information about the distance to the lower 

border of the mandible and the course and relationship of the mandibular 

canal. 

In other surgical situations, such as apicectomy, root removal or 

enucleation of small cysts, an intraoral radiograph may be all that is required 

for treatment planning. 

There is no convincing evidence to support the need for routine 

radiography prior to extraction of teeth. However, where a radiograph already 

exists, this should be referred to before commencing the procedure. The 

appropriate radiograph (with the exception of third molars) would normally 

be a periapical film. 

Radiography of pregnant patients 

As the dose, and therefore the risk to the developing fetus is so low, there 

is no contraindication to radiography of women who are or may be pregnant 

providing that it is clinically justified. There is no need to use a lead protective 

apron. However, the use of a lead apron continues to be recommended (or 

advised) in some nation-states on the grounds it may reassure the patient. 
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Abstract 

Despite the advent of non-fluoroscopic technology, fluoroscopy remains 

the cornerstone of imaging in most interventional electrophysiological 

procedures, from diagnostic studies over ablation intervention to device 

implantation. Moreover, many patients receive additional X ray imaging, such 

as cardiac computed tomography and others. More and more complex 

procedures have the risk to increase the radiation exposure, both for patients 

and the operators. There are many technological tools and new developments 

that may help to reduce patient and operator exposure. Different systems allow 

for non-fluoroscopic (‘electro anatomical’) localization of the catheters and 

the creation of 3D images. Magnetic resonance imaging is being used offline 

for 3D imaging, and being pioneered for online imaging during EP procedures 

as well. Indeed, by properly implementing these techniques, 

electrophysiologists can reduce the radiation dose dramatically. Radiation 

should always be reduced according to the ALARA principle, i.e. ‘as low as 

reasonably achievable’. 

Keywords: radiation, radiation protection, exposure, risk 

Introduction 

Dental radiography is one of the most valuable tools used in modern 

dental health care. It makes possible the diagnosis of physical conditions that 

would otherwise be difficult to identify and its judicious use is of considerable 

benefit to the patient. However, the use of dental radiological procedures must 

be carefully managed, because X-radiation has the potential for damaging 

healthy cells and tissues. Although no known occurrence of cancer or genetic 

damage has been observed from radiation doses delivered in modern dentistry, 

and until more evidence is available, one should practice radiation hygiene 

with the same care as would be dictated if a hazard were known to exist. 

The aim of radiation protection in dentistry is to obtain the desired clinical 

information with minimum radiation exposure to patients, dental personnel, 
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and the public. During an average radiological examination, the radiation dose 

received by an individual is generally low and relatively few cells are 

damaged. Though cellular repair is expected, it is not necessarily perfect. 

Thus, the effect of even low levels of exposure to ionizing radiation over 

periods of time may accumulate and could represent a potential hazard to 

health. Radiation effects are generally categorized as somatic and genetic. 

Somatic effects appear within a time frame of a few hours to years. Depending 

on the dose received and its duration, the consequence is greater for high doses 

incurred in short time periods. 

Genetic effects are also a cause for concern at the lower doses used in 

dental radiology. The radiation doses may be small and appear to cause no 

observable damage, but the probability of chromosomal damage, with the 

consequence of mutations giving rise to genetic defects, can make such doses 

significant, when considered for a very large population. 

X-ray generation and kilovoltage 

The kilovoltage of an X-ray machine is the potential difference that exists 

across the X-ray tube during use. Kilovoltage controls the mean and peak Xray 

energies in the X-ray beam. Low kilovoltages, giving lower energy X-rays, 

leads to higher skin doses for patients. They also necessitate longer exposure 

times than would be needed for a higher kilovoltage X-ray set (milliamperage 

assumed to be equal). These factors have led to lower limits to be set for 

kilovoltage in legislation from various countries, usually in the 50 to 60 kV 

region. Higher kilovoltages reduce skin dose, but lead to higher ‘depth’ dose 

and more scatter of X-rays. In the case of dental (intraoral) X-ray sets, 

kilovoltage is usually either fixed or minimally variable. An important 

consideration with dental (intraoral) radiography is the X-ray spectral 

sensitivity of dental X-ray film and the image quality at different kilovoltages. 

Increasing the kilovoltage much beyond 70 kV would result in a spectrum ill-

matched to the optimal sensitivity of dental film. ‘Low’ kilovoltages produce 

images of higher contrast than do higher kilovoltages. This reflects the 

different types of attenuation of low and high energy radiation. There is debate 

about the optimal kilovoltage for dental work, with some authorities 

recommending higher values, particularly in the USA. A kilovoltage of around 

60-70 kV for intraoral radiography is considered to be a reasonable 

compromise choice in terms of limiting dose and all-round diagnostic efficacy. 

Unlike intraoral radiography, kilovoltage is used as the principle means of 

exposure control for panoramic radiography. Thus most panoramic X-ray 

machines offer a wide range of kilovoltages to the operator. Choice of 

kilovoltage is principally governed by the need to control X-ray intensity and 
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by the energy sensitivity of the film/screen combination. Constant potential 

(‘direct current’) X-ray generation is a modern alternative to traditional 

pulsating kilovoltage for both dental (intraoral) and panoramic /cephalometric 

equipment. Such a method of X-ray generation produces proportionately 

fewer low energy X-rays and hence gives reductions in skin dose for patients. 

The mean X-ray energy from a constant potential (DC) X-ray set is higher 

than that from an alternating potential (AC) X-ray set at the same operating 

kilovoltage. It has been demonstrated that for a constant potential set a 

kilovoltage setting of 5-8 kV lower is needed to maintain radiographic 

contrast. Thus 60 kV is recommended as the optimal operating potential for 

intraoral work. Constant potential equipment provides more predictable and 

accurate X-ray output and is therefore a better choice for use with digital 

receptor systems. 

Filtration 

Filtration of the X-ray beam preferentially removes lower energy X-ray 

photons from the beam. Thus it is invaluable as a means of reducing skin doses 

to patients. Filtration using aluminium is an established component of dental 

X-ray equipment. Such filtration is fitted at manufacture and is therefore a 

factor that is not readily under the control of the dentist. 

Additional filtration using materials (K-edge filters) other than 

aluminium, such as rare-earth materials, have been investigated as means of 

dose reduction in intraoral dental radiography by a number of researchers. The 

underlying reason for their use is that they ‘shape’ the X-ray spectrum and 

more closely match the spectral sensitivity of dental film. The evidence 

appears to be that all offer reductions in dose, but that this must be balanced 

against cost, effects on image quality and the likely increase in exposure times 

associated with their use. Dose reduction has also been demonstrated for 

panoramic radiography. Rare-earth filtration offers some dose reduction in 

intraoral radiography, but it should only be adopted after advice from a 

medical physics expert on setting new exposure factors. 

Collimation, field-size trimming 

Reducing the size of the X-ray beam to the minimum size needed to image 

the object of interest is an obvious means of limiting dose to patients. Limiting 

beam area on the skin surface also limits the volume of the patient that is 

irradiated. As well as ‘field size’ on the patient’s skin being important, the X-

ray source to skin distance plays a role in limiting doses. Because of the 

divergence of the X-ray beam, increasing this distance reduces the divergence 

within the patient and therefore reduces the volume irradiated. 
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Intraoral radiography 

On dental X-ray sets for intraoral radiography field size is constrained by 

collimation of the beam. Visualisation of the field size is facilitated by the 

‘position indicating device’ (PID). 

Short pointed PIDs were once favored because the conical shape allowed 

a less obstructed view of film/teeth relationship and provided a visual 

indication of the central ray (9). However, in the last 20 years most dental 

intraoral sets have been manufactured with an open-ended PID of 60 mm 

diameter. A circular beam of this size is 135% larger in area than a 

conventional dental film (30 x 40 mm), indicating an obvious way of reducing 

patient dose. Various investigators have estimated that rectangular collimation 

can achieve 

dose reductions exceeding 60% in dental radiography (9, 13, 18). 

Cederberg and associates (9) calculated and compared the effective dose and 

also estimated the risk from the use of short and long, round and rectangular 

openend PIDs and a short pointed closed-end PID. They reported that both 

long and short rectangular collimation resulted in the lowest effective doses, 

with values 3.5 to 5 times less than round collimation. They also demonstrated 

that 

the use of pointed closed-end PIDs equates to a risk of 5.6 times that of a 

long rectangular PID. The adoption of rectangular collimation (30 x 40 mm 

beam) has been recommended in both UK (21, 36) and USA (2, 55). However, 

it is important to remember that use of rectangular collimation requires the use 

of film holding devices with a beam alignment guide to prevent cone cuts. 

Rectangular collimation can be achieved by replacing the round PID with a 

rectangular one, attaching a special rectangular collimating plate to the end of 

the round PID or using a film holder that incorporates a metal shield to 

block radiation beyond the edges of the film (2). These possibilities mean that 

existing equipment can easily be adapted to allow rectangular collimation 

(36). 

Where circular X-ray beams continue to be used, the beam diameter must 

not exceed 60 mm. Beam collimators/directors should be open ended and 

provide a minimum focus-to-skin distance (FSD) of 200 mm. 

Panoramic radiography 

Panoramic radiography was designed originally as a means of examining 

the jaws and the teeth. However, the radiographed area is frequently far in 

excess of that of diagnostic interest. Dentists had no facility for reducing the 
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area irradiated. However, several machines now offer programmed field-size 

trimming as a means of reducing patient dose. Field limitation can 

significantly reduce patient exposure when specific diagnostic information is 

required. New equipment should be provided with automatic selection of 

beam limitation, although manual selection is acceptable (36). The beam 

height at the receiving slit or secondary collimator should be restricted to no 

greater than that required to expose the area of diagnostic interest and certainly 

no greater than the film (should normally be 120 or 150 mm). The beam width 

should normally be no greater than 5 mm (36). Some new panoramic machines 

have a ‘child-imaging mode’, which reduces the exposed area by 27 to 45% 

(22). Some also offer more sophisticated programmes to permit imaging of 

individual jaw segments and temporomandibular joints. In a study, Lecomber 

and Faulkner (27) reported that by using a field size programme on the 

Orthophos X-ray unit limited to the tooth bearing regions of the jaws, effective 

dose could be reduced by more than 50%. Such facilities offer a simple way 

of reducing dose and the purchase of machines with these facilities should be 

encouraged. 

Cephalometric radiography 

Cephalometry (also known as teleradiography) traditionally produces 

images of the entire head and much of the cervical spine. However, the area 

of interest to orthodontists usually stops at the level of the base of the skull. A 

British Orthodontic Society working party supported the concept of reduction 

of lateral cephalogram dosage by the use of modified wedge collimation to 

remove part of the skull from diagnostic area (22, 32). This viewpoint is 

supported in other publications (49, 55). Although such collimation 

should significant reduce patient dose, manufactures of cephalometric 

equipment have not yet included this form of collimation as standard. Further 

collimation of the lateral cephalogram to show the maxilla and mandible only 

is a viable alternative for measuring cephalometric values during treatment. 

Soft tissue profile using wedge filters is usual on lateral cephalometric 

radiographs. Some dose reduction can be included by placing the filter 

between the patient and the X-ray source rather than between the patient and 

the cassette (22, 55). 

Choice of image receptor 

Intraoral radiography 

Until 1980, the fastest intraoral film commercially available was film of 

group D. In 1981, E-speed films became available, capable of reducing the 

amount of radiation by approximately 50%. However, this fast film had a 
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lower inherent contrast, was very sensitive to aged and depleted solutions and 

lost its high speed at higher densities (48). This was probably the main reason 

that only a few dentists adopted this type of film (6, 8, 20, 38, 42, 45). 

Subsequent developments in film technology by various manufacturers have 

delivered improved E-speed emulsions (44, 56) and films that fall into the ISO 

speed group F. One brand of F-speed film that is widely available has been 

shown to offer dose reductions of 20-25% compared with the same 

manufacturer’s E-speed film (14, 29, 43). In conclusion, for intraoral 

radiography the fastest available films consistent with satisfactory diagnostic 

results should be used. Intraoral films of ISO speed groups E or F are 

recommended because they reduce the radiation dose more than 50% 

compared with group D-speed films. The use of instant process film, which 

have slower speeds and limitations in image quality (10), should be limited to 

specific essential situations, as in endodontics or pre extraction cases during 

out-of-hours care. 

Extraoral radiography 

For panoramic, cephalometric and other extraoral radiographs, the fastest 

available film-intensifying screen combination consistent with satisfactory 

diagnostic results should be used. The film screen combination should be at 

least 400 and the light sensitivity of the film should be correctly matched with 

the intensifying screens. The introduction of rare-earth intensifying 

screen/film combination has been shown to give dose reduction of around 50% 

for panoramic and cephalometric radiology (22). Manufacturers generally 

emphasize the use of matched combinations of orthochromatic film and rare-

earth screens because such combinations more efficiently convert radiation 

energy to light in comparison with orthochromatic film combined with 

calcium tungstate screens (53). Since rare-earth phosphor screens were 

introduced in 1972, manufacturers have tried to develop such combinations in 

order to improve speed and to increase sharpness of the radiographic images. 

A number of studies have been carried out to evaluate the sensitometric 

properties of these film-screen combinations (47, 51, 53). Wide latitude films 

perform better for panoramic radiography than higher contrast films. 

Digital receptors 

Recently, several digital imaging systems have been introduced as 

alternatives to conventional radiographic techniques. The digital images are 

supposed to achieve images of high diagnostic quality, at least equal to that of 

for intraoral radiography, only the fastest available (Group E or faster) films 

should be used, as they significantly reduce patient dose. 
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For extraoral radiography the fastest available rare-earth intensifying 

screen/film combination consistent with satisfactory diagnostic results should 

be used. The speed of the system should be at least 400. 

Two types of intraoral digital systems are currently available. The first 

type involves those systems that they are using imaging sensors based on 

charge coupled devices (CCD). The first system for direct digital intraoral 

radiography was introduced in 1989 and was based on a CCD sensor sensitive 

to visible light. CCD systems convert radiation into visible light by using a 

scintillation screen. The light is transferred to the CCD via fibre optic coupling 

or optical lenses. The pattern of light is detected and converted to an electronic 

signal that is passed to the computer for conversion into an image. The number 

of CCD systems available for intraoral radiography has increased rapidly. 

Today, most sensors use a scintillation layer to improve the quantum 

efficiency of the system. Improvements in pixel size, in the active area of the 

sensor, in spatial resolution, noise and image manipulation have been made 

by manufacturers in recent years. Recently some sensors have been developed 

with smaller pixel size and with the use of the so-called Active Pixel Sensor 

(APS) and Complementary Metal-Oxide Semiconductor (CMOS) 

technologies. Several studies have evaluated the physical and clinical 

performance of the majority of the intraoral digital systems (3, 4, 12, 17, 26, 

35, 37). 

The second type of digital intraoral system uses photostimulable storage 

phosphor (PSP) image plates. The plates consist of a polyester base coated 

with a crystalline halide composed of europium-activated barium fluorohalide 

compounds. When the image plate is irradiated, the absorbed X-ray energy is 

stored as a latent image within the phosphor crystals. In a scanner, a narrow 

laser beam causes the release of the stored energy as visible blue light that is 

turned into an analog electronic signal and thereafter digitized. Scanning is 

accomplished in about 25 seconds and the resulting image is displayed on the 

computer monitor. In contrast to CCD systems, storage phosphor systems are 

cordless. 

Each of these two types of intraoral digital systems has advantages and 

disadvantages. Because image acquisition is more rapid with CCD systems 

than with PSP, the former may be more useful when ‘instant’ radiographs are 

desirable. In contrast, PSP systems are wireless and use a larger size image 

plate, approximately the size of a No.2 periapical film. One of the most 

important advantages of digital radiography is the reduction of radiation dose. 

Various studies have shown that the amount of radiation needed to create 

an image for both types of intraoral system is lower than with film. One study 
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demonstrated that the optimal exposure time for all systems was 

approximately half that needed for conventional film and that digital images 

had to be modified by adjusting the contrast and brightness to optimize the 

visibility of the region of interest (37). Another study (39) reported that a CCD 

system provided reduction in average skin entrance dose of 31-34% when 

compared with E-speed film; with added niobium filtration the reduction was 

found to be 51-60%. PSP systems have a wide exposure latitude and Borg 48 

and Grondahl found that reliable endodontic measurements could be obtained 

even at very low exposure settings. Although digital radiography offers a 

significant dose reduction, the number of retakes (essentially due to bad 

positioning of the bulky CCD with its’ encumbering wire) may result in 

increased dose for the patient. Furthermore, due to smaller sensor sizes, more 

than one exposure may be required to cover the anatomical area imaged using 

a single conventional film. Problems with positioning sensors have been 

reported as leading to high reject rate. For panoramic and cephalometric 

radiography, the same two types of digital systems are also available. For CCD 

systems, conventional film is replaced by a long vertical CCD. The same 

sensor is used in cephalometric radiography, where the CCD is mounted on 

the cephalostat behind the patient’s head. The patient’s head is scanned in lines 

with a flat, fan shaped X-ray beam. During the scanning process, which takes 

about 15 seconds, the patient must stay motionless. The second type of digital 

panoramic and cephalometric system uses a PSP plate in place of the 

conventional film cassette. Panoramic and cephalometric digital radiography 

have the same clinical advantages as intraoral digital radiography, although 

dose reduction is not expected to be as effective as with intraoral systems. The 

exposure settings of CCD type panoramic units require exposures that are 

almost equal to those of machines using film/screen combinations. There will 

be no dose reduction. Some papers however, report that, depending on the 

diagnostic task, a lower exposure of the radiograph could be sufficient when 

density and contrast can be adjusted from the software features (11, 15, 16, 

28, 50). This is one of the benefits of digital radiography where the density 

and contrast of an image can be optimized after the image has been taken. This 

is different to conventional radiography, where the contrast and density cannot 

be changed after the image is taken. 

Leaded aprons 

Lead aprons do not protect against scattered radiation internally within 

the body and in the case of panoramic radiography, they may physically 

interfere with the procedure and degrade the final image (21). Despite the 

extremely low gonadal dose associated with dental radiography, the use of a 

lead apron has been recommended in the past in order to allay patient anxiety. 
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However, it has been shown that gonadal doses are not significantly different 

in dental radiography with and without a lead apron (22). UK Guidance Notes 

for dental practitioners on the safe use of X-ray equipment (36), clearly state 

that there is no justification for the routine use of lead aprons for patients in 

dental radiography. An official report of the American Academy of Oral and 

Maxillofacial Radiology (55), pointed out that the value of leaded aprons is 

minimal compared with the benefits of the use of E-speed films and 

rectangular collimation. It was concluded that their use could be considered 

optional except when required by law. See Section 3.8 for comments on 

radiography in pregnant patients. 

Thyroid collar 

The thyroid gland is one of the more radiosensitive organs in the head and 

neck region. It is frequently exposed to scattered radiation and occasionally to 

primary beam during dental radiography. Because people under age 30 are at 

greater risk of radiation induced thyroid cancer than older individuals, some 

have argued that thyroid collars should be used when intraoral radiographic 

examinations are made on this population (55). However, it is probable that 

rectangular collimation for intraoral radiography offers similar level of thyroid 

protection to lead shielding, in addition to its other dose reducing effects (21, 

22, 40). Thyroid shielding is inappropriate for panoramic radiography as it 

may interfere with the primary beam. In cephalometric radiography lead 

thyroid protection is necessary if the beam collimation does not exclude the 

thyroid gland. Thyroid shielding was found to reduce radiation doses of 45% 

during CT of the head and is strongly recommended, especially in younger 

age groups (5). Patient doses should be kept as low as reasonably achievable. 

In dental radiography, patient dose limitation involves consideration of the X-

ray equipment, the beam size, the image receptor and, occasionally, the use of 

lead protection. Optimizations of each of these acts synergistically to 

substantially reduce doses. For intraoral radiography the effect of altering the 

various equipment factors is demonstrated in Table 4.1. It is possible to see 

that a shift from the baseline equipment to a constant potential set, rectangular 

collimation and F-speed film would lead to a dose reduction of about two 

thirds of the original level. 

Similar modifications can be made for other types of dental radiography 

(panoramic, cephalometric). Some dose limitations can only be achieved by 

purchase of new equipment. However, some entail minimal (e.g. rectangular 

collimation) or no (e.g. FSpeed film) additional costs to the dentist. Such low 

cost options should be adopted as a priority. 
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Abstract 

Bruxism is considered as the abnormal, forceful, non-functional contact 

of the occlusal surfaces of teeth. If this is left without proper treatment, it can 

lead to the breakdown of dentition and other orofacial problems. Bruxism 

can be due to many causes like local, systemic, mechanical or neurological 

factors, which have to be identified and managed by various treatment 

modalities. As bruxism events lead to tooth and restoration damage, it is of 

major concern for the dental practitioners. This chapter discusses in detail 

about the causes and management of bruxism. 

Keywords: bruxism, clenching, teeth grinding 

Introduction 

Masticatory system forms a complex and functional unit which includes 

teeth, supporting structures, the upper and lower jaws, the 

temporomandibular joints, muscles which help in mastication, nerves and 

blood vessels supplying these tissues. Masticatory system activities can be 

divided into 

1. Functional  

2. Parafunctional  

Functional activities include chewing, speaking, and parafunctional 

activity includes clenching or grinding of the teeth. Bruxism is considered as 

the commonest of many parafunctional habits of dento facial system. It is the 

periodic repetitive clenching or rythmic forceful grinding of the teeth, if 

ignored leads to the breakdown of dentition and oro facial pain. In other 

words, it is an oromotor disorder which is characterised by clenching and 

grinding of teeth when the individual is not chewing or swallowing. 

According to GPT 9, bruxism is defined as “the parafunctional grinding of 

the teeth; an oral habit consisting of involuntary rhythmic or spasmodic non-

functional gnashing, grinding, or clenching of teeth, in other than chewing 

movements of the mandible, which may lead to occlusal trauma. 
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Bruxism activity leads to the wear and damage of teeth, fractures of 

restorations, temporal headache and other temporomandibular disorders. 

Bruxism has multiple etiology. The etiology can be systemic factors, local 

and mechanical factors, psychological factors, neurologic factors and 

genetics related. Hence these causes have to be identified and managed by 

various treatment modalities. 

Prevalence 

In the general population, the prevalence range is from 8-31% and 14-

20% in children.1In children it is related to family history with either father 

or mother having the same history, distressing events in life, hyperactivity, 

parasomnias and depression. Elderly individuals above the age of 60years 

are less likely to be affected showing a prevalence decreasing to around 3%. 

Bruxism affects males and females equally with females showing awake 

bruxism more than males. Males and Females show equal prevalence of 

sleep bruxism. Individuals with severe conditions of bruxism show more 

complications like damage of teeth and restorations, tension type headaches, 

facial or jaw pain and temporomandibular disorders. Early diagnosis and 

management of bruxism by various therapeutic approaches is important, 

inorder to prevent complications.  

History 

Early in the beginning of 20th century, a Viennese dentist explained 

bruxism as “traumatic neuralgia”, which was stated as the cause of 

periodontitis. The term “bruxamine” was put forward by Marie and 

Pletkiewicz [2] in the year 1907. In 1931, Frohman created the term bruxism, 

from the greek word “brychein odontas”, meaning to grind or gnash the 

teeth. In 1960’s, Sigur Peder Ramfjord stated that occlusal factors were 

responsible for bruxism and he defined bruxism as the habitual habit of 

grinding teeth when the individual is not chewing or swallowing. Researches 

were focused on occlusal adjustments and splints during the period between 

1966-2007. 

Miller stated a difference between grinding of the teeth at night which 

was referred as bruxism and the daytime habitual grinding of teeth as 

bruxomania [3]. In 1983 a difference was made between clenching and 

grinding. Clenching was mentioned as centric bruxism and grinding as 

eccentric bruxism. In 1995, bruxism was defined by Vanderas as the 

nonfunctional movement of the mandible with or without an audible sound 

occurring during the day or night [4]. And bruxism at night time was 

classified as sleep related movement disorder according to recent 
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classification of sleep disorders [5]. Lobbezoo and Naeije in 2001, suggested 

that various neurotransmitters in the central nervous system appeared to 

modulate bruxism [6]. 

Classification 

Bruxism can be classified based on several criteria. 

1. Based on the occurrence 

Awake Bruxism or Diurnal bruxism 

Bruxism which happens during day hours is known as diurnal bruxism 

or awake bruxism. Awake bruxism usually shows a close relation to the 

stress caused due to familial responsibility or work pressure, anxiety, anger 

or frustration. Awake bruxism is more commonly seen in females compared 

to males. Diurnal bruxism prevalance rate is noted to be 20%. 

Sleep bruxism 

 Bruxism during sleep at day time or night time is known as sleep 

bruxism. Sleep bruxism is regarded as an oro mandibular movement disorder 

which is sleep related. Individuals who brux during sleep are more likely to 

have other sleep disorders, snoring and pauses in breathing (sleep apnea). 

Sleep bruxism occurs with no gender difference. This is seen more 

frequently in the younger population, especially children showing a 

prevalence rate of 14-20%. 

2. Based on the etiology 

 Primary bruxism or idiopathic bruxism 

Cause is not known. 

 Secondary bruxism 

This occurs secondary to diseases like coma icterus, cerebral palsy. Can 

be due to medications (antipsychotic, cardioactive) and drugs (cocaine, 

amphetamines) 

3. Based on period of occurrence 

 Past bruxism 

 Present bruxism 

4. Based on the type of motor activity 

 Tonic: Masticatory muscle contractions sustained for more than 2s 

 Phasic: Repeated brief muscle contractions which lasts between 

0.25-2s 
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 Combined: In this alternating tonic and phasic events appear. 

5. Based on the severity 

 Mild: No damage to teeth or psychological impairement 

 Moderate: Mild psychological impairement 

 Severe: With damage to teeth, psychological impairement and 

temporomandibular disorders 

Causes of bruxism 

Bruxism is multifactorial,which includes central factors,psychological 

factors and peripheral factors. 

 

Central factors 

Researches have shown bruxism episodes associated with arousal 

response along with involuntary leg movements, suggesting a close 
association of arousal response with bruxism events.  

It is hypothesized that the direct and indirect pathways of the basal 

ganglion, a group of five subcortical nucle involved in the coordination of 

movements gets disturbed in patients with bruxism [5]. There may be an 

imbalance in both the pathways in bruxism.  

Psychosocial factors 

A major etiology of bruxism is stress: Stress can be due to many 

external sources as well as internal sources. 

 External sources of stress-social, work place load, major life 

changes or any unpredictable events 

 Internal sources of stress-psychological, illness, any medical 

condition 

Inability to express verious emotions like anger, hate, aggression etc can 

also cause bruxism. Hence minimizing exposure to different stressful 

situations should be considered. 
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Peripheral factors 

Bruxism is related to deviations in dental occlusion and articulation. 
Establishment of harmony between maximum intercuspation and centric 

relation is required for an effective management of bruxism [6]. Recent 

literatures on this point state that there is hardly any relationship between 

bruxism and occlusal factors.  

Risk factors of bruxism 

Various risk factors of bruxism are listed below- 

 Age: Bruxism is more common in children and less in adulthood 

 Stress: Increased stress and anxiety leads to bruxism 

 Heriditary: Nocturnal bruxism tends to show a family history 

 Habits: Smoking, tobacco chewing, drinking caffeinated beverages 
may increase the risk of bruxism 

 Personality: Hyperactive and competitive type of personality can 

increase the risk of bruxism 

 Medications: Antidepressants can result in bruxism as an less 

common side effect 

Bruxism can be related to medical disorders such as epilepsy, sleep 

related disorders, parkinson’s disease, gastroesophageal reflux disorder and 

dementia. 

Signs and Symptoms 

1. Pain and sensitivity of teeth to heat and cold 

2. Facial pain with tension headaches 

3. Uneven tooth wear 

4. Microfractures of the enamel of tooth 

5. Chipped teeth 

6. Mobile teeth 

7. Pain in the jaw joint (temporomandibular joint or 'TMJ') that cause 

restricted mouth opening and difficulty in chewing 

8. Ear pain 

Assessment of bruxism 

 If bruxism activity is left untreated, it can affect the quality of life by 

causing tooth and restoration fracture, disharmony of occlusion and TMJ 
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disorders. So assessment methods are to be followed for accurate 

interpretation of the condition and apt management. Assesment methods 

include questionnaires, clinical evaluation, intraoral appliances and 

electromyographic recording. 

By questionnaires 

The questions asked are-[8] 

1. Has anyone heard you grinding teeth at night or while sleeping? 

2. Do you have teeth or gum soreness on awakening in the morning? 

3. Do you feel jaw fatigueness or soreness in the morning? 

4. Are you aware of your clenching or grinding of teeth during the 

day? 

5. Have you experienced headache on awakening in the morning? 

Eventhough Questionnaires present an easiest and simplest way of 

assessment, it has a main disadvantage that it is subjective in nature. 

By clinical evaluation [9, 10] 

A good case history forms the basis of a proper diagnosis and evaluating 

the tooth mobility, tooth wear and TMJ clinically also adds to the accuracy 

of diagnosis. 

 

Evaluation of tooth wear is controversial as tooth wear can be because 

functional and parafunctional activities. 

Using intra oral appliance 

By assessing the wear facets and by assessing the bite load on the intra 

oral appliance, bruxism activity can be evaluated. 

Bruxcore Bruxism Monitoring Device (BBMD) helps to assess the 

bruxism events. It is evaluated by counting the number of abraded microdots 
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on the surface of Bruxcore plate and by scoring the volumetric magnitude of 

abrasion. This device uses 0.51-mm-thick polyvinyl chloride plate consisting 

of four layers with two alternating colors and a halftone dot screen on the 

topmost surface. And count of microdots missing, helps to evaluate the 

abraded area and the number of layers uncovered depicts the depth 

parameter. These parameters are combined inorder to obtain an index for the 

amount of bruxism activity. 

Disadvantage-It is difficult to count the number of missing dots with 

good accuracy. 

 Intra-splint force detector (ISFD), uses an intra- oral appliance to record 

the force that is produced by tooth contact on the appliance. This recording 

device helps in detecting the force by using a deformation-sensitive 

piezoelectric film, which is thin and embedded 1-2 mm below the occlusal 

surface of the appliance [11]. 

Disadvantage-It is not suitable for detecting the magnitude of force 

while steady-state clenching behaviour. 

Using masticatory muscle electromyographic recording 

By using Masticatory muscle electromyographic recording we can 

assess bruxism by measuring the actual sleep bruxism activity.  

Advantage-Occurrence of bruxism can be evaluated without intra-oral 

appliances which has the possibility of changing the natural bruxism activity 

A miniature self-contained EMG detector-analyser (bite-strip) can be 

used for moderate to high level bruxers. It is attached to the skin over the 

masseter muscle and thereby recording the bruxism events. A detector and 

biofeedback device (grindcare, medotech, denmark) for sleep bruxism was 

developed recently which recorded the EMG activity of the anterior 

temporalis muscle.Thus it helps to detect clenching and grinding of teeth and 

signals biofeedback stimulation for reducing sleep bruxism activities [12]. 

In case of nocturnal bruxism, Polysomnographic (sleep laboratory) 

recordings signals with simultaneous audio-video recordings. It provides a 

controlled recording environment, hence other sleep disorders like sleep 

apnoea and insomnia can be ruled out. As well, sleep bruxism can be 

differentiated from other orofacial activities like coughing and swallowing 

which can occur during sleep [13-15]. 

Limitation-Any change in the environment of sleep can influence the 

actual nature of bruxism activity. 
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Why is bruxism of major concern to dental professionals? 

It becomes a major concern for the dental professionals because of 

bruxism causes tooth and restorative damage leading to other problems 

affecting the social and psychological life of an individual. 

 

Applied treatments in bruxism 

Treatment aspect of bruxism aims at-  

 Finding and removing the cause 

 Changing the behaviour that causes bruxism  

 Repairing the damage that bruxism often causes 

 

A. Occlusal therapy 

The first-line of managing the teeth grinding and wear in case of 

nocturnal bruxism is Occlusal Splints/Night guard/Bite plate/Bite Guard. 

Hard splints are effective in reducing the bruxism activity. Soft splints are 

difficult to adjust than hard splints. Hence, hard splints are mainly chosen 

over soft splints [16]. 

B. Behavioural modification 

Along with relaxation techniques and self- monitoring, psychoanalysis, 

hypnosis, meditation have been considered for the management of bruxism. 

The management of sleep bruxism commences with counselling of the 
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patient. The patient is instructed in regard to the sleep hygiene. Bruxer is 

instructed to quit smoking and drinking alcohol, caffeinated drinks at night, 

to limit the physical or mental activity before sleeping, and to maintain quiet 

and dark bedroom conditions [17]. 

C. Biofeedback 

Biofeedback mainly works on the principle that “bruxers can unlearn 

their behaviour when a stimulus makes them aware of their adverse jaw 

muscle activities”. An auditory feedback from patient’s muscle activity helps 

him know the degree of muscle activity [18]. Another way to reduce the sleep 

bruxism is by the use of taste stimulus to awaken the sleeping patient [19]. 

Contingent electrical stimulation (CES) has taken attention in these 

recent years, due to its attempt in reducing the masticatory muscle activity 

which is associated to nocturnal bruxism. CES inhibits the masticatory 

muscles which are responsible for bruxism by applying a low-level electrical 

stimulation on the muscles when they become active [20]. 

Pharmacological management 

Some drugs are said to have paralytic action on the muscles. They act by 

inhibiting acetylcholine release at the neuromuscular junction (NMJ). Thus it 

helps in decreasing bruxism activity in conditions like brain injury, coma etc. 

Studies have shown usage of botox injections over a period of 20 weeks to 

decrease in bruxism activity [21]. 

 Conclusion 

Bruxism is a distinct condition which presents as a key challenge for the 

dentists. As long-term effects of bruxism increases the risk of other problems 

and affects one’s quality of life, it needs early diagnosis and management. 
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Abstract 

Conventional treatment planning for orthognathic surgery uses two 

dimensional (2D) cephalometric analysis, dental casts mounted in 

the articulator with face bow transfer, and model surgery to predict the 

direction and extent of jaw movement. The presentation and analysis of a 

complex three dimensional (3D) maxillofacial structure in two dimensions 

have limitations, such as landmark identification and overlapping of 

anatomic structures, especially for patients with facial asymmetry. Cone-

beam computed tomography (CBCT) allows reconstruction of a 3D 

craniofacial skeletal model for accurate presentation of the complex 3D 

shape and position, and has been applied widely in the field of orthognathic 

surgery. With the advancement of software, the 3D Computer Assisted 

Orthognathic Surgery accurately transfers the virtual surgical plan to actual 

surgery, achieves superior predictable aesthetic outcome & occlusion, 

reduces operative time, is more readily available and user friendly. 

Keywords: orthognathic surgery, 2D, 3D, planning, CBCT 

Introduction  

What is orthognathic surgery? 

Orthos means straight and gnathos means jaw and hence Orthognathic 

Surgery means straightening of the jaw by surgery. An Oral & Maxillofacial 

Surgeon carries this out. It is a cosmetic surgery and the surgeon envisages 

changing the face of a person from distortion to proportion. Orthognathic 

Surgery is sometimes called “Surgical Orthodontics” because just as an 

orthodontist repositions the teeth with the help of braces within the oral 

cavity, the Oral & Maxillofacial Surgeon repositions one or more jaws 

through surgical procedures to produce a much more pleasing appearance 

and also improved ability to chew, speak and breathe. The main objective of 

Orthognathic Surgery is the correction of a wide range of minor and major 

facial and skeletal (jaw) irregularities. The shape of the face depends on the 
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architectural framework of the facial skeleton. Through Orthognathic 

Surgery the surgeon could reposition the bones of the face and the jaw to a 

more aesthetically acceptable position. 

Who needs orthognathic surgery? 

Jaw growth is a slow and gradual process and in some instances the 

upper and lower jaw or one side of the jaw to the other may grow at different 

rates. This may cause many functional and psychological problems. Injuries 

to the jaws at a young age or during birth (delivery) or birth defects may also 

affect the normal growth and positioning of the jaws. While Orthodontic 

treatment (braces) can correct many problems if only the teeth are involved 

Orthognathic Surgery may be required if the jaws (bone) also need 

repositioning. The results of orthognathic surgery can have a dramatic and 

positive affect on many aspects of your life. 

The common Maxillofacial deformities and their clinical appearances 

are the following- 

1. Protruded maxilla 

The upper jaw is protruded beyond the normal limits along with the 

teeth. The person cannot close his lips (lip incompetence) without effort. The 

teeth are always visible and in most cases the whole of the gums are visible 

on smiling (gummy smile). A gummy smile is mainly due to the vertical 

excess of the maxilla. 

2. Retruded maxilla 

This deformity is due to under development of the upper jaw mainly 

seen in people who have cleft lip or palate. After the surgical correction of 

the cleft lip or palate at a young age the growth of the maxilla is retarded 

along with displacement or destruction of the tooth bud. This results in a dish 

shaped face with a hooked or flaring nose and irregularly aligned, rotated or 

missing teeth. 

3. Protruded mandible 

In some people there will be extra growth of the lower jaw resulting in 

long jaw. 

4. Retruded mandible 

In some people due to developmental deformity or due to hereditary 

factors the lower jaw is very small resulting in a “bird face”. There is no 

proper development of the chin. 
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5. Facial asymmetry 

Sometimes a part of the face maybe overdeveloped or underdeveloped 

causing one part of the face to be small or large. One side of the face is not 

in symmetry with the other side giving an unaesthetic appearance. 

6. Ankylosis of Temporomandibular Joint (TMJ) 

Injury during birth or trauma or infection at a young age to the 

temporomandibular joint will result in restricted mouth opening and reduced 

growth of the mandible. 

7. Nasal deformity 

Nasal deformities are often seen along with deformities of the jaw. 

Some common deformities of the nose are: deviated nasal septum, flared or 

constricted ala of the nose, saddle nose, hooked nose and asymmetrical nose. 

At what age can Orthognathic Surgery be done? 

The ideal age for Orthognathic Surgery is after the growth period has 

been completed, after 18 years for girls and 20 years for boys. Ankylosis of 

TMJ is an exception. For this the surgery should be done as early as possible 

to rehabilitate function and growth of the mandible. If the patient has got 

psychological problems due to the deformity of the face then other 

orthognathic surgeries may be taken up at an earlier age. 

What are the steps in orthognathic surgery? 

After the initial checkup a detailed examination with facial 

measurements, photographs, x-rays and dental impressions are made. A 

complete medical examination is done to rule out any health problems that 

would interfere with the surgery or the administration of General 

Anesthesia.  

Oral & Maxillofacial Surgeons and Orthodontists work closely together. 

The teeth are moved and repositioned into proper alignment before surgery if 

necessary. Common surgical procedures are Lefort I Osteotomy, Anterior 

Maxillary Osteotomy, Sagittal Split Osteotomy, Genioplasty and 

Rhinoplasty. The surgical procedures require meticulous planning and apt 

application necessitating the mandatory need for 2D and 3D planning in 

orthognathic surgery. With the advancement of software, the 3D Computer 

Assisted Orthognathic Surgery accurately transfers the virtual surgical plan 

to actual surgery, achieves superior predictable aesthetic outcome & 

occlusion, reduces operative time, is more readily available and user 

friendly. Conventional treatment planning for orthognathic surgery uses two 
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dimensional (2D) cephalometric analysis, dental casts mounted in 

the articulator with face bow transfer and model surgery to predict the 

direction and extent of jaw movement. 

Pre-surgical planning and analysis 

1. Facial proportions 

The human face can be divided into three almost equal parts from the 

front. 

 Upper part or the forehead: From hairline to glabella 

 Middle part or the midface: From glabella to subnasale 

 Lower part or the lower face: From subnasale to menton 

2. Cephalometric analysis 

Lateral Cephalogram is traced to analyze the proportion of the various 

parts of the face. It helps to find out the areas of disproportion by marking 

out the various points, but should be correlated with clinical observations. 

Innumerable analyses have been proposed but great variations are seen in the 

"normal values" between different human races. More importance should be 

given for soft tissue measurements than skeletal analysis. The points, lines 

and angles marked are very arbitrary and different values can be obtained 

from different analysis of the same person. COGS analysis is the most 

commonly used and it describes the horizontal and vertical position of the 

facial bones by use of a constant coordinate system. Both the skeletal and 

soft tissue evaluation can be done by this analysis. 

3. Prediction tracing 

This is a tracing on the facial profile to find out the outcome of surgery 

and gives a two-dimensional assessment of the profile. A cut and paste 

technique on the tracing paper is used for predicting the outcome. Computer 

prediction is now available due to the development of various software 

programs. This helps in visualizing the postoperative results better, but 

chances are, expectations become higher and the surgeon may have difficulty 

in producing the same results clinically. 

4. Model surgery 

The plaster models are articulated on an anatomical articulator with face 

bow transfer. The area of the bone to be cut (site of osteotomy) is measured 

and marked on the plaster models and a mock surgery is done. This will help 

to 
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 Get an idea about the extent of bone reduction required in the 

surgery 

 Understand the post-operative relations of the jaws 

 Understand the post-operative occlusion 

 Helps in the fabrication of splints 

 Decide about the post-surgical orthodontic treatment 

Wafer, thin occlusal splint should be fabricated to prevent the condyle 

from being unseated vertically, which can cause "condylar sag" post-

surgically. The splint should allow the teeth to occlude properly in the 

preplanned occlusion. 

5. Presurgical orthodontics 

A good teamwork is necessary between the Orthodontist and the 

Maxillofacial Surgeon. The goal of pre-surgical orthodontia is to position the 

teeth in the arches to facilitate a good and stable occlusion post-surgically. 

Extraction of teeth for pre-surgical orthodontia is to be reviewed with 

cephalometric analysis, prediction tracing and model surgery. Commonly 

pre-surgical orthodontia is done to close any interdental space, derotation 

and proper alignment of all teeth. 

Need of 2D and 3D planning 

As the demand for improved facial esthetics increases, more patients 

complain of the development or the progression of facial asymmetry, 

particularly mandibular asymmetry, during or after orthodontic treatment. 

Patients who undergo orthognathic surgery for sagittal relationship 

problems, such as maxillary protrusion or mandibular prognathism, also tend 

to become aware of facial asymmetry after the surgical procedure. Because a 

misdiagnosis of facial asymmetry can result in the wrong treatment for a 

patient, accurate evaluations of facial asymmetry are crucial in orthodontic 

practice. 

In most cases, the presence and degree of facial asymmetry can be 

diagnosed by using posteroanterior (PA) cephalometry. However, a PA 

cephalometric radiograph does not provide sufficient information for 

identifying the causes of asymmetry or determining a suitable treatment 

plan. Chin deviation is a common form of facial asymmetry. It usually 

develops from a right and left side difference in ramus length, but there are 

also other possible causes, such as a difference of body length in the 

mandible. Distinguishing a problem causing structure is extremely important 
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in treatment planning, but PA cephalometry does not always provide 

accurate information, even with the aid of lateral and submentovertex 

projections. Conventional radiographic images can be misleading in 

interpreting the cause of the deviation because complex 3-dimensional (3D) 

structures are projected onto flat 2-dimensional (2D) surfaces, creating 

possible distortion of the images and subsequent magnification errors. 

The development of computed tomography (CT), however, has greatly 

reduced the possibility of these errors and improved our ability to understand 

the 3D nature of facial structures. In addition, recently introduced 3D CT 

software enables 3D reconstruction and accurate measurement of the 

maxillofacial complex. Exact measurement is the key element in evaluating 

asymmetry: 3D images can provide accurate and detailed information for the 

diagnosis and treatment planning of facial asymmetry by means of 

quantitative measurement and comparison between the right and left sides of 

the structures. These 3D images are easily rotated and viewed from any 

angle. This rotating function enables us to precisely analyze asymmetrical 

facial structures and to clearly visualize structures that cannot be well 

described with PA cephalometry.  

Computer-assisted simulation system for orthognathic surgery 

(CASSOS Software) 

All of the data were analysed by one operator. Five key stages to the 

data analysis-  

i) Landmark identification 

ii) Creation of CASSOS (Computer-Assisted Simulation System for 

Orthognathic Surgery) 

iii) Superimposition of the computer prediction 

iv) Soft-tissue profile analysis 

v) Assessment of skeletal change 

I) Landmark identification 

Landmarks chosen in the study consisted of the pre-defined landmarks 

utilised by CASSOS using Adobe Photoshop (Adobe Photoshop v7.0, Adobe 

Systems Inc., USA), 45 hard-tissue and 26 soft-tissue landmarks were 

identified on the pre and postoperative radiographs. 

II) Creation of computer prediction 

A composite image composed of the superimposed landmarked pre- and 

postoperative lateral cephalometric radiographs was created using Adobe 
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Photoshop. The radiographs were superimposed on the best fit of the anterior 

cranial base anatomy. A horizontal reference line with 7 degree of angular 

divergence from the line sella-nasion was constructed with origin at sella. A 

vertical reference plane was then constructed perpendicular to the horizontal 

reference plane with its origin at sella. 

The composite image was then imported into CASSOS. The CASSOS 

soft-tissue profile cephalometric simulation was produced using the hard-

tissue movements shown on the postoperative radiograph as a guide. It was 

decided to use only the cephalometric simulation option and not the 

photocephalometric simulation in this study. 

III) Superimposition of computer prediction 

Using Adobe Photoshop CASSOS cephalometric simulation was 

superimposed on to the actual postoperative radiograph using the reference 

lines and the previously identified reference hard-tissue landmarks that were 

distant from the surgical site. 

IV) Soft-tissue analysis 

The following 12 soft-tissue landmarks: glabella (G), nasion (Ns), 

pronasale (Pn), columella (Cm), subnasale (Sn), superior labial sulcus (SLs), 

labrale superius (Ls), labrale inferius (Li), labiomental fold (Lf), soft-tissue 

pogonion (Pogs), soft-tissue gnathion (Gns) and soft-tissue menton (Mes) 

were identified on the computer prediction and the postoperative lateral 

cephalometric radiograph using Adobe Photoshop. The measurement tool 

within Adobe Photoshop, calibrated using the scale included in the mid-

sagittal plane of the preoperative lateral cephalometric radiograph, was used 

to make linear measurements between the CASSOS prediction and the actual 

surgical result. All measurements were made using the horizontal and 

vertical reference planes as previously described. This technique eliminated 

orthodontic, surgical and growth errors, and resulted in an evaluation 

methodology of the computer program itself. 

V) Assessment of skeletal change 

The skeletal changes between the preoperative and postoperative lateral 

cephalometric radiographs were assessed using the same method as for the 

soft-tissue analysis. The following maxillary landmarks were used: A point, 

posterior nasal spine and anterior nasal spine. B point was used for 

assessment of mandibular skeletal changes. 
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3D Planning 

Image acquisition for 3D virtual orthognathic surgery 

 The introduction of cone beam computed tomography (CBCT) scanners 

with the potential to vertically scan the patient with a low radiation dose and 

a scanned volume large enough to capture the entire face (triad of hard & 

soft tissues and teeth) will revolutionize how orthognathic surgery will be 

planned in the future.  

The ideal CBCT apparatus for 3D virtual treatment planning of 

orthognathic surgery, however, is not yet available. A number of problems 

will be encountered in the routine clinical situation. First, the scanned 

volume of CBCT scanners is currently too small to capture all types of 

maxillofacial deformities. Second, because of the limits in the scanned 

volume, accurate positioning of the patient in natural head position in the 

CBCT apparatus is sometimes difficult or not feasible. Third, the gray value 

of the same tissue changes between scans and with the position of that tissue 

in the field of view of the scanner. Fourth, a single scanning procedure of the 

patient’s head does not allow for accurate occlusal and intercuspation data. 

Finally, the fast evolution in acquisition software of CBCT scanners 

inherently necessitates frequent software updates for the purchased CBCT 

apparatus. 

Processing of acquired image data for 3d virtual augmented model of 

patient’s head 

The aim of 3D virtual imaging for orthognathic surgery is to create one 

virtual anatomic model of the patient, including the triad of the facial soft 

mask, underlying bony structures, and teeth. To enable 3D virtual treatment 

planning of orthognathic surgery, the acquired volumetric CBCT image data 

are segmented by semiautomated thresholding. The resulting surface 

representations of the patient’s anatomy are then drawn on the computer 

screen, called “surface rendering”. A tetrahedral soft-tissue mesh can 

subsequently be built to enable fast soft-tissue simulation using a 

biomechanical model. Although surface representations of the hard & soft 

tissues and teeth can be rendered and visualized in the 3D viewer of the 

software, some problems are still present. 

Probably the most important obstacle was the inaccurate visualization of 

the interocclusal relationship; however, this issue has been resolved. Gateno 

et al. should be credited for developing the first method applicable to the 

clinical routine of orthognathic surgery to integrate accurate dental 

information into the patient’s skull.  
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The next challenge is to further augment the patient’s CBCT model of 

the head with detailed visualization of the dental roots. “Surface rendering” 

is based on thresholding and currently leads to improper visualization of 

certain anatomic structures (e.g., sella turcica, condyles, orbital walls) owing 

to the inherent inhomogeneity of the CBCT gray value data. However, a 

volume of voxels can be rendered with “volume rendering”. For each voxel, 

a color and opacity can be assigned, and a projection image according to the 

viewing direction of the virtual camera can be computed and presented on 

the computer screen. “Volume rendering” of the acquired image data 

provides beautiful anatomic images and is useful for 3D virtual diagnosis of 

the patient’s anatomy. Because “volume rendering” is still complex and it is 

expensive to manipulate the image data, it is not yet suitable for 3D virtual 

treatment planning of orthognathic surgery. Therefore, mixing “surface” and 

“volume” rendering probably will allow one to combine the benefits of both. 

It is expected that this “mixed” visualization approach will become possible 

in the near future. 

3D Virtual diagnosis of patient 

The combination of a good clinical examination and 3D inspection of 

the virtual model of the patient’s head has an unprecedented potential toward 

the diagnosis of the patient with a maxillofacial deformity. 

Both “volume rendering” and “surface rendering” offer a thorough in-

depth 3D virtual inspection of the patient’s anatomy in the 3D virtual scene. 

Both viewing methods also incorporate the original axial CBCT slices and 

coronal and sagittal reconstructions, which allow 2-dimensional inspection 

of the patient’s anatomy in the 3 standard planes (axial, sagittal, coronal) and 

multiplanar planes. A large amount of relevant clinical information with 

regard to the patient with a maxillofacial deformity can be gained from these 

slices (e.g., condylar anatomy, maxillofacial bony and dental pathologic 

features, maxillary sinus pathologic features, nasal septum deviation, 

hypertrophic inferior turbinates, a restricted airway, dentoalveolar bone 

support to the teeth, and the pathway of the inferior alveolar nerve.  

3D Virtual treatment planning of orthognathic surgery 

One of the important advantages of 3D virtual planning compared with 

conventional treatment planning of orthognathic surgery is that the clinician 

inherently has more information on the patient’s anatomy during planning. 

Moreover, 3D virtual treatment planning allows one to focus more on 3D 

facial harmonization, rather than on the facial profile. A standard approach 

towards 3D virtual treatment planning of orthognathic surgery includes four 

consecutive virtual planning steps (VPSs) in clinical practice: 
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VPS1: 3D cephalometric analysis for the ideal facial soft-tissue mask 

VPS2: 3D soft-tissue analysis 

VPS3: 3D virtual osteotomies 

VPS4: 3D virtual surgery toward the ideal facial soft-tissue mask 

VPS1 consists of 3D cephalometric analysis (11 angles, 7 linear 

distances, and 2 facial proportions) of the hard and soft tissues and teeth 

using conventional cephalometric analysis. Moreover, 4 additional vertical 

orthogonal measurements were included to verify the vertical position of the 

repositioned maxilla at 4 levels, both canines and both mesiobuccal cusps of 

the first molars, during surgery. 

VPS2 consists of additional 3D soft tissue cephalometric analysis (2 

angles, 10 linear distances and 4 facial proportions) using direct 

anthropometric analysis. 

In VPS3, the most performed facial osteotomies (Le Fort I, bilateral 

sagittal split osteotomy, and genioplasty) are routinely done virtually, which 

creates the potential to virtually conduct different surgical treatment plans.  

Finally, VPS4 consists of virtual surgery toward the ideal facial soft 

tissue mask, including virtual occlusal definition. The latter consists of a best 

fit between the dental arches guided by virtual elastics and subsequently 

visualized by a color scale. 

Some major advantages using 3D virtual treatment planning in the 

clinical routine compared with conventional orthognathic surgery treatment 

planning are that first the occlusal plane cant in the frontal plane can be 

recorded more accurately and subsequently transferred to the patient using a 

3D surgical splint in 3 dimensions just as done conventionally (e.g., wooden 

spatula, face bow transfer). The correction of the frontal occlusal plane cant 

has an important effect on the paranasal area, gonial angles, lower 

mandibular borders, and chin. Second, the upper dental midline is often 

clinically misjudged, because it is often determined in a clinical setting for 

the esthetic columella-philtrum unit, which can be deviated. The upper 

dental midline can be assessed more accurately here and corrected by 

rotation, translation, or combined rotation and translation of maxilla toward 

the skull base. This will have an important effect on the symmetry of the 

lower face and facial harmony. Third, the chin position anatomy can be 

assessed much more accurately in the frontal and basal planes. Fourth, 

because the proximal virtual fragments of the mandible remain stable and 

thus the condyles remain seated during virtual surgery, the amount of 
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mandibular movement (advancement or setback, clockwise or 

counterclockwise, and medial or lateral deviation) can accurately be 

measured on both sides. Finally, different virtual surgical treatment plans 

(e.g., bimaxillary rotation clockwise vs counterclockwise) can be evaluated. 

3D Surgical splint manufacturing 

Once the final 3D virtual treatment plan has been set up, the necessary 

3D virtual surgical splints can be made. Subsequently, the 3D virtual 

surgical splints are processed using computer-aided design and computer-

aided manufacturing techniques into surgical splints that can be used during 

the actual surgery. 

Gateno et al. have shown that stereolithographic surgical splints fit the 

same as conventional surgical splints. Compared with conventional surgical 

splints, 3D virtually made surgical splints seem to have the following 

advantages: 

1) The surgical splints are directly made using the 3D virtual 

augmented model of the patient without the intermediate plaster 

dental models 

2) The intermediate 3D virtually made surgical splint can incorporate 

more accurately the surgical treatment plan, especially in complex 

cases with combined leveling, rotation, and translation movements 

of the jaw 

To use 3D virtual made surgical splints in orthognathic surgery some 

important problems still exist. First, the base material for 3D surgical splint 

production must be medically approved. Second, 3D surgical splints are still 

too bulky and need to be trimmed manually by the surgeon, which is time 

consuming. It is expected that this will be solved by virtual trimming before 

processing and refinement of the computer-aided design and computer-aided 

manufacturing techniques. Finally, the manufacturing of 3D surgical splints 

is still a time-consuming process. The clinician must upload the virtual 

treatment planning data to be processed out of office, and the surgical wafer 

or wafers need to be shipped back to the clinician. Decreasing the time for 

out-of-office processing or in-office manufacturing could solve this problem. 

Finally, 3D surgical splints for segmental surgery are still very demanding in 

the presented 3D virtual approach, because virtual occlusal definition of the 

segmented jaws is still very difficult. Once again, improvements in software 

will solve this problem. 
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3D virtual intermediate and final surgical splint  

(Maxilim, version 2.2.2, Medicim NV, Mechelen, Belgium) 

3D Virtual treatment planning transfer to operating room 

3D virtual surgical treatment plan can be easily transferred to the 

operating room in a viewer format. To transfer the individualized 3D virtual 

treatment to the patient, 3D surgical wafers and calipers are used.  

3D Virtual treatment outcome evaluation 

Probably the most powerful aspect of 3D treatment planning of 

orthognathic surgery in the era of virtual imaging is the unprecedented 

potential for the evaluation of the treatment outcome. The techniques of 

voxel-based rigid registration and superimposition on a 3D cephalometric 

reference system have been extensively described. Evaluation of treatment 

outcome using CBCT imaging is in 3 stages. First, CBCT should be 

performed at 3 to 6 weeks postoperatively to evaluate the accuracy of the 

transfer of repositioning the bony parts. Because postoperative swelling of 

buccal mucosa can interfere with occlusion, it is not recommended to 

perform CBCT in the first 2 postoperative weeks. In contrast, bony 

consolidation appears at 6 weeks postoperatively and will no longer allow 

for proper virtual identification of the osteotomy lines. Second, CBCT 

should be performed at 6 months to 1 year postoperatively once the 

orthodontic brackets have been removed to evaluate the soft tissue response 

and the accuracy of the soft-tissue simulation. Finally, CBCT should be 

performed at 2 years postoperatively to evaluate the long-term treatment 

outcome. Meticulous 3D evaluation of the pretreatment status, the 3D virtual 

treatment goal, and the actual treatment outcome will bring new insights and 

substantial information on long-term stability, airway stability, condylar 

resorption, facial harmony, aesthetics and concepts in orthognathic surgery 

that will lead to better care of the patient with a maxillofacial deformity. 

A large amount of basic laboratory and clinical research has been done 

by different research groups worldwide in the field of 3D virtual treatment 

planning of orthognathic surgery. The translation of this research into 
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clinical practice (translational research) has already shown an unprecedented 

potential toward the diagnosis, treatment planning, and evaluation of the 

treatment outcomes of maxillofacial deformity. However, to make the 

paradigm shift from conventional planning to 3D virtual planning, 3 basic 

require ments must be fulfilled: 

1) The quality of care needs to improve 

2) The workflow process should become more efficient 

3) The cost should decrease 

No doubt exists any longer that 3D virtual planning definitely improves 

the care of the patient with a maxillofacial deformity. Efficiency difficulties 

still exist, however, in both computer hardware and software in the daily 

clinical routine. Moreover, both the CBCT apparatus and the virtual 3D 

software packages are too expensive. Hence, the challenge and common goal 

is to develop 3D virtual treatment planning of orthognathic surgery as an 

efficient and cost-effective clinical tool that improves the care of the patient 

with a maxillofacial deformity. 
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Abstract 

The aim of this study was to assess the efficacy of conchal auricular 

cartilage graft for the reconstruction of orbital floor in the treatment of 

orbital floor blowout fractures. 

Eight patients with fractures of orbital floor were included the study. All 

the patients in the study were men and the age range was between 20 years 

to 53 years. The main cause of fractures was road traffic accidents. Out of 

eight patients enophthalmos (n=7), diplopia (n=4), infraorbital nerve 

involvement (n=5), restriction of eyeball movement (n=4). All patients were 

treated within one month of trauma. All the fractures were reconstructed 

with conchal auricular cartilage graft. 

The follow up assessments were performed between three to six months 

post-operatively, calculated from the date of treatment. The symptoms were 

treated in 6 patients with enophthalmos, 4 patients with diplopia, 4 patients 

with limited ocular motility, 5 patients with impairment of the infraorbital 

nerve. Postoperative infections in 2 patients with systemic antibiotics. 

Conchal auricular cartilage grafts are reliable, safe and effective 

implants and may be used for reconstruction of the orbital floor fractures 

with minimal donor site morbidity. 

Keywords: conchal auricular cartilage, orbital floor fracture, orbital floor 

reconstruction 

Introduction 

Fracture of the floor of the orbit which may be accompanied by 

displacement of the orbital contents into the maxillary sinus [1]. Based on the 

involvement of the orbital rim fracture along with floor fracture, Converse 

and Smith introduced the concept of pure blow out and impure blow out 

fractures [2]. 
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The treatment of orbital floor fractures is still controversial with regard 

to indications, surgical timing [3] access and reconstruction techniques. The 

eyes should be bright and reflect light; they are the windows to the soul [4].  

Over the years different authoritative opinions have alternated in the 

literature. Wide ranges of choices are available regarding the materials used 

for orbital floor reconstruction. They can be classified as autografts, 

allografts or alloplasts [5]. Alloplasts can be classified as non-resorbable and 

resorbable materials. Titanium mesh, Teflon, Medpore, silicone come under 

the non-resorbable category. Resorbable materials include poly-L-Lactide, 

polydioxanone, polycaprolactone, polyglactin-910 and polyglycolic acid6. 

Allograft materials include lyophilized dura and lyophilized cartilage [6]. 

Autografts include periosteum, rib grafts, nasoseptal cartilage, auricular 

cartilage, iliac bone graft, mandibular bone graft, calvarial graft. 

Though autogenous bone grafts provide framework for orbital walls, 

they carry the main disadvantage of donor site morbidity including nerve and 

blood vessel injuries, gait disturbance, cosmetic disturbance and donor site 

pain 7. Non resorbable alloplasts become as permanent foreign bodies and 

can cause late complication such as infection, migration of implants, 

extrusion of implant and also residual diplopia [5].  

The reconstructive surgeon must always be aware that any 

nonresorbable material has the potential to cause infection even after an 

interval of many years. For this reason, autogenous grafts are still widely 

used, in full awareness of their limits: risk of resorption and morbidity at the 

donor site.  

Of autografts, auricular cartilage [7, 8] is indicated for the reconstruction 

of gaps in the orbital floor, due to a shape that is very similar to that of the 

floor, the simplicity and speed with which it can be removed, its 

malleability, its good support function and the limited morbidity at the donor 

site. 

Materials and Methods 

Eight patients with orbital floor blowout fractures were included in the 

study; in 5 cases, there was associated fracture of the inferior orbital rim. All 

had reconstruction of the orbital floor with auricular cartilage. Medically 

compromised patients, patients with optic neuropathy or post traumatic 

blindness, previous history of ophthalmic surgery, only eye with vision and 

whom the orbital floor fracture was associated with other facial fractures 

(nasoethmoidal, zygomatic or maxillary fractures) were excluded from the 

study. 
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The procedures to be performed were explained, followed by written 

informed consent. A detailed history was taken followed by clinical 

examination. PNS view and CT in all the three planes was taken and findings 

were recorded in a specially prepared case history proforma. Pre-operative 

surgical defect was measured in the CT and volume was measured using 

Volume share II, an installed application. ophthalmologic examination done 

to check visual acuity, diplopia, ocular motility using the Hess-Lancaster 

screen and measurement of enophthalmos with the Hertel exophthalmometer 

and detection of any damage to the infraorbital nerve with consequent 

paresthesia, through a subjective evaluation of the patient. The same clinical 

tests were repeated at 3 and 6 months from the operation. 

The decision to proceed surgically to explore and reconstruct the orbital 

floor was based on the presence of at least one of the following conditions: 

1) Diplopia 

2) Enophthalmos 

3) Herniation of orbital tissues through gaps in the orbital floor bone 

4) Concomitant displacement of bone fragments of the inferior orbital 

rim. fig 2. 

 Post-operative, all the patients were followed for 6 months to evaluate 

enophthalmos, diplopia, any limitations of extraocular movements, patients 

with impairment of the infraorbital nerve. The surgical sites were examined 

for evidence of infection, or extrusion of the graft. Post-operative volume 

measurements were done for comparison. 

 Access to the Orbital floor was approached via a subciliary incision in 6 

patients and transconjunctival incision in 2 patients. fig 1, 2 & 3. 

  

Fig 1: Traction sutures placed Fig 2: Transconjunctival incision placed 



 

Page | 128 

  

Fig 3: Exposure of orbital floor and rim Fig 4: Fixation of rim 1 

Table 1 

Patient Gender Preop findings Postop 3 Months Postop 6 months Complications 

1. M E+D+O+N E  Ectropion 

2. M E    

3. M E+N    

4. M E+D+O+N E E  

5. F E+D+O    

6. M E+N   Ectropion 

7. M N    

8. M E+D+O D D  
 

Results: Postoperative results shown in Table: 1. 

Abbreviations 

M: Male, F: Female, E: Enophthalmos, D: Diplopia, O: Ocular Motility, 

N: Infraorbital Nerve Paresthesia 

Auricular cartilage was used to reconstruct the orbital floor in all cases. 

The graft was taken beneath the perichondrium to ensure earlier fibrosis and 

thus greater stability over time [9]. fig 5 Inferior orbital rim was fixed using 

miniplate. fig 4. 

The shape and size of the cartilage graft required can easily be 

determined using an intraoperative template [10]. 
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Fig 5: Graft harvesting Fig 6: Placement of graft 

  

Fig 7: Preop CT Fig 8: Postop CT 

Discussion 

Management of orbital fracture is a challenging problem for the oral and 

maxillofacial surgeon. 

Their reconstruction requires 

1) Release of entrapped orbital floor muscle 

2) Reduction of the fractured floor 

3) Reduction of the floor defect 

4) Prevention of infection from the antrum 

5) Return of physiologic function of the extraocular muscles 

6) Elevation of the depressed zygoma 

7) Correction of volume discrepancy between the orbits [11] 

Various factors influence the choice of material for use in orbital floor 

reconstruction. The choice depends on the size of the defect, involvement of 

multiple walls, adaptation to internal contours, restoration of proper volume, 
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presence of adjacent sinus cavity, prevention of displacement, risk of further 

trauma, adhesions or restriction of ocular motility, and early versus late 

repair [12]. 

There is general consent that the ideal floor inlay material should be 

inexpensive, readily available in sufficient quantities, adaptable to regional 

anatomy (i.e. easy to contour and sharpen), easy to position, suitable to all 

types of defects, able to provide support to orbital contents, biocompatible, 

nontoxic, non-carcinogenic, free of any potential for disease transmission, 

inert, or biodegradable to zero remnant [13]. 

Alloplasts are available as either resorbable or non-resorbable materials. 

Non-resorbable materials are titanium mesh, porous polyethylene sheet, 

BAG plate, hydroxyapatite sheet. Resorbable materials used are PLLA and 

PLLA/PGA sheet, polyglycolic acid membrane, PDS sheet, polyglactin 910 

mesh, periosteum polymer complex [13]. Unfortunately resorbable materials 

have not always performed well for orbital reconstruction. Two major 

problems have been encountered that limit their potential. First is the ability 

of these materials to maintain support to, m the orbital soft tissues 

sufficiently long until replaced by fibrous or bony tissue to prevent 

enopthalmus. Second is the progress of degradation that is not always benign 
[14]. 

The other choice for orbital floor reconstruction is the use of allogeneic 

materials. WAITE AND CLANTONS (1988) have reported that these grafts 

give successful results as reconstruction materials [15]. The main concern 

with regard to the use of allogeneic materials is the antigenicity of the 

material and transmission of infectious diseases. Delayed hypersensitivity 

reactions have also been reported with the use of xenografts. Despite being 

careful on the sterilization techniques, risk of infectious disease transmission 

is the main disadvantage of using allogeneic materials [13]. 

Because of the various shortcomings associated with alloplastic 

materials and allogenic materials, autogenous grafts still widely used for 

orbital reconstruction. Disadvantages associated with autogenous bone grafts 

are donor site morbidity, variable rates of resorption with subsequent 

development of enopthalmus and or ocular dystopia, difficulty in contouring 

and shaping, intracranial complications such as cerebrospinal fluid leakage, 

subdural hematoma, and intracerebral hemorrhage. Additionally there are 

other donor site problems such as scarring, alopecia, and injury to the 

temporal branch of facial nerve. A further disadvantage of using bone is the 

separate surgical field and time taken to harvest the graft [14]. 
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The idea behind using auricular cartilage is that an ideal implant for 

orbital floor reconstruction for orbital defects because of its natural curve 

that fits into the orbital defects. 

Auricular cartilage seems to provide an excellent source of autogenous 

tissue for the repair of orbital floor defects. The thickness of the cartilage and 

its concave shape are ideal qualities that enable a precise fitting to the 

concave floor, especially at the junction of the floor with the medial wall, the 

most common location of disruptions caused by trauma. The intrinsic 

strength characteristics of this cartilage make it highly suitable in the repair 

of large gap defects. Less resorption if the perichondrium is left intact, the 

perichondrium becomes vascularized soon after transplantation. With 

attention to surgical technique, the cartilage can be harvested without 

creating auricular deformities and objectional scarring. Other advantage 

auricular concha include a donor area that is located in the proximity of the 

recipient site that can be prepared and draped within the same surgical field 
[16]. 

Bayat et al. (2010) [17] and Dharmindra et al. (2013) [18] stated auricular 

cartilage seems to provide an excellent source of autogenous tissue for the 

repair of orbital floor defects because of 

1) Its thickness and concave shape 

2) Ease and less time to harvest 

3) Minimal donor site morbidity 

Castellani et al. (2002) [19] stated that cartilage is only slightly 

vascularized and thus requires little blood perfusion, which means that it 

undergoes less resorption. 

 Considering all the observations in our study, conchal auricular 

cartilage graft can be used as a suitable implant for orbital floor 

reconstruction. The clinical outcome is comparable or even better, to other 

materials for orbital defects. 
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Chapter - 1 

Articulator and Facebow 

Dr. Priyanka Priyadarshni 

 

 

Abstract 

A dental facebow includes a U-shaped frame which carries on its cross-

piece a rearwardly projecting bite fork for angular, lateral and longitudinal 

adjustments. A fixed stylus is resettable located on one frame arm and an 

axially adjustable second stylus is carried by the other frame arm. The 

facebow is used with an articulator having opposite inter condylar 

adjustments provided with intercondylar setting indicia, and the second 

stylus carries spacing indica of twice the scale of intercondylar setting 

indicia. In adapting facebow to a particular articulator the facebow and the 

articulator are adjusted to the same setting indicia and the facebow is brought 

into engagement with the articulator and the first stylus is reset to effect 

mating engagement between the articulator and the facebow. 

Keywords: face bow, articulator, intercondylar setting 

Introduction 

Full Mouth Rehabilitation a challenging procedure for Prosthodontist 

requires knowledge & skills. It requires meticulous use of instrument like 

Articulator and face bows. Articulators accept facebow record, Centric Jaw 

Relation Record, protrusion record, lateral record and inter condylar distance 

record. 

Articulators 

 

Fig 1 
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An articulator is used to simulate the movements of the mandible 

Awni Rihani [11] has classified articulators as- 

1) Fully adjustable articulator 

2) Semi adjustable articulator 

3) Non-adjustable articulator 

Fully adjustable articulators can accept- 

1) Face bow record 

2) Centric jaw relation record 

3) Protrusive record 

4) Lateral record 

5) Inter condylar distance record 

Examples: Hanau Kinoscope, McCollum Gnathoscope, Stuart 

articulator Hanau 130-21, Denar D4-A. 

Semi adjustable articulators can accept- 

1) Face bow record 

2) Centric jaw relation record 

3) Protrusive record 

Examples: Hanau H, Wadsworth, Dentatus, Hanau 130-28, Whipmix. 

Non-adjustable articulators can accept one or two of the following three 

records- 

1) Face bow record 

2) Centric jaw relation record 

3) Protrusive record 

Examples: Snow, Gysi simplex, Monson, Stransberry, Transgraph, 

Pankey Mann. 

The two basic types if semi adjustable articulators are [17, 18, 19, 20, 21]. 

1) Arcon type 

2) Non-arcon type 

Semi-adjustable articulator cannot record the full range of protrusive 

and lateral condylar movement but mechanical equivalent of tooth 

movement can be recorded with much accuracy if instrument’s shortcomings 

are compensated. 
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The instrument’s shortcomings are compensated with- 

1) Customized anterior guidance 

2) Simplified fossae contour technique to relate lower fossae form to 

anterior guidance 

3) Functionally generated path procedures to capture the precise 

border movements of posterior teeth at correct vertical dimension 

The two basic methods for recording condylar paths are [11]- 

1)  Pantographic tracings 

2) Stereographic tracings 

Pantographic instruments 

McCollum and Stuart (1955) developed a mechanical type pantograph 

which required complex clinical handling procedures. 

Hobo and Takayama (1983) developed the Cyberhoby pantograph 

which is an electronic pantograph and has an opto-electronic sensor fixed to 

the maxilla. Since the condylar path data is computed in electronic 

pantograph, transferring the measurement apparatus is not necessary. 

All occlusal interferences are disengaged using the centre bearing point 

at an opened vertical. 

Stereographic instruments 

All border movements can be accurately recorded in three dimensions 

by means of simple intraoral clutches that are stabilized by a central bearing 

point [11, 29, 30, 31]. 

The recordings are made by indenting three to four points into doughy 

self-cure acrylic resin on opposite clutch surface and then moving the 

mandible through all border movements. Since three dimensional recordings 

are made in the mouth by paths of the condyles the procedure can be 

reversed and the path in the clutch can dictate the mechanical equivalent of 

condylar movement on the articulator.  

This can be used in combination with customized anterior guidance 

procedure. The procedure is simple and practical. Intra-oral clutches are very 

stable since they have no extra-oral appendages. 

The conditions which require fully adjustable articulator are- 

 Disclusion of posterior teeth during protrusion when posterior teeth 

do not need restoration 
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 Extensive restorative cases which require severe changes to 

establish an ideal occlusal plane 

 Severe worn dentitions especially when upper functional cusps have 

worn flat 

Non-articulator instruments 

All border movements of the teeth can be accurately recorded and 

duplicated even without using an articulator. An instrument which 

accomplishes this is called a Gnathic Relator. It records the ‘effect’ of 

condyle movement at the site of teeth. It is accurate and adaptable to all 

techniques and is used to best advantage in combination with some type of 

semi adjustable articulator. After the posterior teeth are prepared, 

stereographic recording is made at the correct vertical dimension with 

anterior teeth contact during the recording. Since both anterior and condylar 

guidance influence the border movements, no interpolation is required [11]. 

Facebow 

A facebow is a caliper-like device that is used to record the relationship 

of the jaws to the TMJ and to orient the same relationship to the opening axis 

of the articulator. 

 

Fig 2: Hanau spring bow facebow 

The two types of facebows are- 

1) Kinematic facebow or Hinge-axis facebow 

2) Arbitrary facebow 

a) Earpiece facebow 

b) Fascia facebow 

Arbitrary facebows are less accurare than kinematic type but they 

suffice for most dental procedures. Kinematic facebows are indicated when it 

is critical to record precisely and if the centric bite record is made at an 
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extreme open vertical. For full mouth rehabilitation kinematic facebow 

should be used. 

 

Fig 3: Quick-mount facebow 

Kinematic facebow 

 

Fig 4: An air activated pantograph 

When fixed prosthodontic treatment is indicated for all teeth in one or 

both arches, the dentist must evaluate the existing vertical dimension of 

occlusion. 

There has never been a scientific, practical and accurate method by 

which vertical dimension of the patient could be recorded. Classic 

techniques have been used to determine the vertical dimension of occlusion 

like phonetics, interocclusal distance, facial soft tissue contour, 

cephalometrics, electromyography and patient’s neuromuscular perception 
[19]. 

Methods for determining vertical relation 

Phonetic method 

Silverman determined vertical dimension by using speaking method [42, 

43, 44, 45]. 
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Fig 6 

The patient was made to sit erect and close into maximum 

intercuspation. When the patient is edentulous, wax esthetic control rim is 

added to the labial region. Then a line was drawn on lower anterior teeth at 

horizontal level of incisal edge of opposing upper anterior teeth. Patient was 

then asked to pronounce s’ as in ‘yes’ and closest speaking line was drawn 

on lower anterior teeth. Distance between centric occlusion line and closest 

speaking line are called ‘closest speaking space’. Normally this places the 

lower incisal edges 1mm lingual and posterior to upper incisal edges. The 

closest speaking space can range from 0 to 10mm in different patients and 

this indicates that there is no average speaking space [444] 

Interocclusal distance 

Patient is encouraged to relax his jaws so that it goes into physiologic 

rest position. Swallowing and pronunciation of ‘M’ sounds have been used. 

Then the interocclusal distance should be measured.  

Niswonger [46] had used vertical relation of rest to determine vertical 

relation of occlusion by subtracting 2 to 3mm from it. 

Tallgren reported that interocclusal distance remains constant relative to 

occlusal dimension regardless of changes in occlusal vertical dimension. 

Landa [47] said chances are 95% that the freeway space is between 3.07- 

3.67mm. 

Facial appearance 

Diminished facial contours, thin lips with narrow vermillion borders and 

drooping of commissure are associated with over closure where as increased 

vertical dimension gives a stretched-out appearance. 
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Cephalometrics 

Atwood [48] used Cephalometrics to study the rest position of mandible 

and found a great variability between different readings in a single sitting, in 

different sittings, before extraction and after extraction, with or without 

dentures.  

Neuromuscular perception 

Robert Lytle [49] used centre bearing device to permit the patient to 

experience different comfort levels during use of different vertical relations 

for comparison. The proprioceptive nerve endings in these ligaments which 

are a part of the neuromuscular mechanism permit the patient to recognize 

undesirable occlusal vertical relation if he is permitted to experience a more 

desirable relationship. 

Can vertical dimension be altered? 

Out of the experience gained in occlusion of natural teeth has come 

awareness that there are certain underlying treatment principles. These 

principles are so important that they cannot be overemphasized. The origin 

and the crystallization of these observations can be appreciated best, perhaps 

by showing how the practice of oral rehabilitation has grown up while being 

applied. 

Sicher [50] (1949) and Silverman [42] (1952). They concluded that as the 

teeth wear or become abraded, the teeth and alveolar bone elongate through 

growth to maintain the original vertical dimension with the maintenance of 

the same closest speaking space. However, occlusal wear may occur more 

rapidly than continuous eruption depending upon the etiology of the wear [4]. 

Harry Kazis and Albert Kazis [51] stated that treatment of reduced 

vertical dimension is not designed to increase the vertical dimension beyond 

the normal, but is intended to restore the amount of vertical dimension that 

has been lost. A young person will tolerate a greater correction of vertical 

dimension and become adjusted more easily to a reduction in the 

interocclusal distance as necessitated by the changes. 

Silverman (1956) [43, 44] said that closest speaking space can range from 0 

to 10mm in different patients and that there is no average closest speaking 

space. But it is constant in an individual. Vertical dimension must not be 

increased beyond the normal for each patient. Increasing the vertical 

dimension only 1mm will cause discomfort to the patient. It is better to use a 

vertical dimension that is too small than to use one that is too great. 
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Landa (1955) [3] stated that increasing the vertical dimension places the 

muscles of mastication and temporomandibular joint under strain. The crown 

to root ratio is also affected and hence ‘bite rising’ is contraindicated. 

Dawson (1974) [53] even when the teeth have grown down to the gum 

line the vertical dimension is not lost because of the eruption of the teeth 

along with the alveolar bone. Increase in vertical dimension interferes with 

the optimum length of the resting muscles which serve as a stimulus to 

produce hypertonicity. Closing the vertical dimension does not interfere with 

muscle lengths. When it is not practical to restore severely worn dentition 

without restoring the vertical dimension to obtain space for the restorative 

material, the dimension can be increased to 1-1.5 mm.  

The potential problems of restoring the vertical dimension are clenching, 

muscle fatigue, soreness of teeth, muscles and joints, headache, intrusion of 

teeth, fracture of porcelain, occlusal instability due to shifting of restored 

teeth and continual wear. In such cases, checking and periodic occlusal 

adjustment must be done upto a year before normal stability returns [53]. 

Carlsson et al. (1979) [52] increased the vertical dimension in natural 

dentition by cementing acrylic resin splints in lower canines, premolars and 

molars for 7 days. He found that subjects experienced moderate symptoms of 

discomfort initially but symptoms decreased later and no clinically 

demonstrable symptoms were found. He concluded that moderate increase in 

vertical dimension of occlusion does not create problem provided that 

occlusal stability is provided. 

Rivera-Morales (1991) [54] Experiments in animals proved that moderate 

changes in occlusal vertical dimension do not cause hyperactivity of 

masticatory muscles and symptoms of temporomandibular dysfunction. 

Occlusal vertical dimension is a variable range like other quantifiable aspects 

of a body. 
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Chapter - 2 

Centric Relation 

Dr. Priyanka Priyadarshni 

 

 

Abstract 

Centric relation is the terminal hinge position of the mandible which 

establishes the relation of the axis of the condyles to the teeth as they will 

close with muscular force against the resistance of a bolus of food in every 

contacting position. It is the core topic of dentistry and Prosthodontics in 

particular. Centic relation is clinically significant since the only clinically 

repeatable jaw relation and logical position to fabricate the prostheses. 

Keywords: centric relation, jaw relation 

Introduction 

Centric relation defined as “the maxillo-mandibular relationship in 

which the condyles articulate with the thinnest avascular portion of their 

respective discs with the complex in the anterior-superior position against 

the slopes of articular eminences. This position is independent of tooth 

contact”. 

Significance and Advantage of Centric Relation position [1, 2, 3, 4, 5, 6] 

Centric relation is a fixed anatomic position. It can be relocated 

repeatedly by mechanical methods with acceptable accuracy. 

 Ramjford and Ash [7] by EMG recordings state that muscle 

functions more harmoniously with less intensity when condyles are 

at centric relation at the time the teeth are in maximum 

intercuspation 

 Major muscles that stabilize the TMJ act in anterior-superior 

direction to position the condyles in centric relation 
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Fig 1: Misinterpretation of muscle pull direction 

 When the condyles are retruded the mandible is capable of 

repeatedly making a pure rotational movement through an incisal 

separation of 10-25mm, permitting location and transfer of the 

hinge axis to the articulator 

 When patient chews or brings teeth together, condyles are seated in 

the anterior-superior direction 

 

Fig 2 

 All normal swallowing occurs in centric relation 

 According to Lucia [8], unless centric occlusion occurs when 

mandible is in centric relation, there will be strain on periodontal 

tissues of the teeth. Teeth that have lost their supporting structures 

can least afford to be the fulcrums of masticatory mechanism. 

Upper teeth get rocked distally and mesially while lower teeth can 

be rocked only mesially when mandible is out of centric relation 

 Patient appears to function comfortably in centric relation after 

occlusal equilibration, full mouth rehabilitation and during occlusal 

splint therapy 

 Patients with pain in temporomandibular joints frequently report 

surprisingly quick relief of pain and other symptoms after 

equilibrating to centric relation 
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 Histologically the anterior-superior area of disc is avascular 

whereas posterior area has nerve fibres which can lead to pain upon 

impingement by the condyle 

There are two aspects of taking centric relation 

1) Proper manipulation of mandible as in equilibration position when 

no bite record is taken 

2) Manner of taking bite record for correct articulation of mounted 

models 

There are many methods available to guide the mandible into centric 

relation- 

1. Chainpoint guidance method 

Guichet described this method. It places the condyles in most posterior 

and superior position which can result in trauma to TMJ. Hence use of this 

method is not advocated [5]. 

2. Bilateral manipulation method 

Dawson introduced this method that guides the condyles into most 

superior position in the glenoid fossa. Condyle is within 0.02 mm accuracy 

in three dimensions with this method. This small area supports the concept 

of point centric in which the centric relation position and maximum 

intercuspation are coincident. 

 

Fig 3 

3. Unguided method 

Brill [9] introduced a muscular position which allows patient’s natural 

muscle functions to position the mandible into centric relation position. 
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Manipulation for centric relation 

  

Fig 4 Fig 5 

Patient is made to lie back flat in supine position, chin pointed up. 

Dentist should be seated behind the patient. All four fingers of both hands 

are placed on the lower border of mandible on the bone and pressure is 

exerted in an upward direction. Thumbs are placed in the midline over 

symphysis exerting downward and outward pressure. Gentle arcing of the 

jaw of 2-3 mm is done without allowing teeth to contact. The terminal hinge 

area is thus located by free rotation of the condyles. Pressure towards the 

condyles will not cause any pain when the condyles are in centric relation. 

Method for taking centric bite records 

Most patients have a reflex closure, an engram determined and guided 

by the teeth. Proprioceptive mechanism determines path of mandibular 

closure and is responsible for awareness of position of mandible in space. 

To enable the condyles to be placed in an unstrained position, the 

musculature must first be deprogrammed from its habitual closing pattern. 

Mandibular deprogramming 

Mandibular deprogramming can be done by-  

Ask the patient to bite on these with anterior teeth for 5-10 minutes. The 

memory position of teeth intercuspation is lost. 

1) Cotton role 

2) Anterior Jig 

3) Leaf gauge 

Techniques for taking centric bite records 

The four basic techniques for making a centric bite record are- 

1) Wax bite procedures 

2) Anterior stop technique 
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3) Use of pre-adapted bases 

4) Central bearing point technique 

Each technique has advantages and disadvantages and it would be 

unreliable to single out any one of these techniques as being practical for all 

cases. 

1) Wax bite procedure 

 

Fig 6: Wax wafer for recording centric relation 

It is the most popular procedure because of its simplicity. Hard wax is 

used which becomes brittle when cooled and is soft when warm. Extra hard 

baseplate wax is an excellent bite material. When it is warm it becomes soft 

enough not to cause movement of teeth. It should be brittle and not bend to 

mould itself to fit the models as it will mask the errors if not rigid. 

Modification of wax bite can be used with additional wash of zinc oxide 

eugenol paste to reline for greater accuracy. 

Lucia [9, 10] explained a two-stage procedure in which tenax wax is used 

for indentation of upper teeth and soft wax is then added to indent the lower 

teeth. 

This method is not suitable for patients having extremely mobile teeth or 

large edentulous area. 

2) Anterior stop technique 

Anterior stop techniques are the easiest to learn and offer greatest 

flexibility. Accuracy can be achieved even with loose teeth, posterior 

edentulous areas and patients with temporomandibular joint discomfort. This 

technique allows the condyles to seat up without any possible deviation from 

posterior teeth. 

The term ‘anterior stop’ refers here to contact in the incisor area only. It 

may be made from acrylic or hard compound, on mounted models or 

intraorally. Bite record for posterior teeth can be made with a variety of 

materials. Plaster, zinc oxide eugenol paste, self-cure acrylic or wax and 

heavy bodied silicone can be used as the posterior bite record material. 
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3) Readapted bases 

It is indicated whenever there is a danger that teeth will move or soft 

tissues be compressed by the bite record. Preformed bases can stabilize 

hypermobile teeth in correct position while the bite record is being made. It 

is made with triple layer of extra hard baseplate wax adapted on an accurate 

model, usually of the upper arch to avoid dislodgement by the tongue. 

Heated strip of dead soft wax should be added over it in edentulous region to 

indent the lower teeth in centric occlusion without tooth to tooth contact. 

4) Central bearing point technique 

It enables free movement of the mandible without influence of teeth 

proprioceptive. Drawback is that vertical dimension must be increased 

considerably to accommodate the clutches and bearing point apparatus. If the 

terminal axis is not recorded precisely it will result in mounting error. 

Anterior jig 

Principle 

Anterior jig prevents posterior teeth from occluding and thus disrupts 

the proprioceptive memory. As the anterior stop is rigid on contact with 

lower incisor teeth, anterior resistance is created and a mandibular leverage 

is created with naturally braced tripod effect along with two condyles. 

Jig breaks the patient’s habitual closure pattern and acts as the third leg 

of the tripod by creating resistance while stopping the closure. 

Fabrication of anterior jig 

 

Fig 7: Fabrication of anterior jig 

Procedure 

A ball of red compound is softened and added to upper incisors so that 

their lingual surfaces are completely covered. The patient closes into the 

compound until the posterior teeth barely miss the contact while in supine 

position the lower central incisors contact the smooth lingual incline of the 



 

Page | 23 

jig at only one point. The jig incline must stop the mandible before posterior 

tooth contact and should be angled 45-60 degrees posteriorly and superiorly 

from the occlusal plane. 

 

Fig 8: Centric relation record using anterior jig 

The jig can also be made of autopolymerizing acrylic resin on mounted 

casts and then adjusted intraorally. 

After the jig is made posterior bite record is taken 

Leaf gauge was first introduced by Dr. James. H. Long in 1973 [11] 

It is the most useful and practical alternative to anterior jig 

Leaf gauge can be used for- 

1) Centric relation interocclusal records 

2) Occlusal equilibration 

3) Relieve painful spasms of lateral pterygoid muscle. 

 Previously they were made of unexposed X-ray films after developing 

to remove the emulsion coating. Clear film was then cut into 1cm X 5cm 

sections. 

Recently, leaf gauges of uniform 0.1mm thickness which are 

sequentially numbered are described. They are convenient and measure the 

exact vertical opening between the incisors. 

Woelfel [12] described a disposable leaf gauge made of firm paper. 

Williamson [13] used leaf gauge to deprogram the proprioceptive 

impulses from the periodontal membrane. 

Golsen and Shaw [14] recommended leaf gauge in occlusal adjustment 

and for centric relation records. 

McHorris advocated leaf gauge for centric interocclusal records and 

relieving painful spasm of lateral pterygoid muscles. 
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 Rosenbulm [15] in 1985 found that when leaf gauge was placed between 

the anterior teeth and subjected to patient’s own biting force, it permitted the 

condyles to seat them to the muscle dictated centric relation position. 

Alber’s et al. [16] stated in 1997 that the use of cotton roles foe initial 

joint compression and retrusion followed by recording with leaf gauge 

appears to be the best method for obtaining accuracy. 

Huffman [17] (1987) advocated use of leaf Gauge for occlusal 

equilibration. 

Woelfel [18] (1991) used leaf gauge wafer technique to record jaw 

relation. 

Solomen and Shetty (1996) found obtaining centric relation with the use 

of leaf gauge to be accurate compared to unguided technique and operator 

guided closure. 

Procedure  

Arbitrary numbers of leaves are placed at the maxillary anterior midline 

parallel to the lingual plane of central incisors. Patient is instructed to close 

on back teeth until lower incisors touch on back side of leaf gauge. Leaves 

are added or subtracted until patient can barely feel a posterior tooth touch 

while closing firmly on leaf gauge. Often the patient can often feel a 

posterior tooth contact in 15-52 seconds after the jaw is closed with a ‘half 

hard’ closing force. This procedure is repeated after adding a leaf gauge until 

the patient can close for 2-5 minutes without feeling a posterior tooth 

contact.  

Long centric 

The fit of the condyle into the disc is not like the fit of machine ball in 

bearing. Some front-back play is permitted by the disc that allows the 

condyles to hinge freely. So there will be a slight difference between the firm 

terminal hinge closure of centric relation and a light closure from rest 

position. 

The term ‘Long Centric’ could be defined as ‘freedom to close the 

mandible either into centric relation or slightly anterior to it without varying 

the vertical dimension of occlusion. 

This term is now referred to as “Freedom in Centric”. 
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Fig 9: Long centric 

Posseltin 1952 studied the difference between retruded contact position 

and intercuspal position and found 1.25+1mm difference between them. 

Schuyler [19] in 1959 found the initial contact from rest position to be 1 

mm anterior to the border path produced along the transverse horizontal axis. 

Ramfjord and Ash [20] advocated 0.5 to 0.8 mm space between retruded 

contact position and maximum intercuspation. 

Dawson in 1974 advocated freedom in centric relation of occlusion of 

0.2 mm which allows space between condyle and fossa. 

Freedom of movement in centric occlusion provides patient comfort and 

reduces the tendency to bruxism and other traumatogenic influence on the 

supporting structures. 

All interference to terminal closure should be eliminated. If centric 

relation interference is present, path of closure will be dictated by the 

proprioceptors instead of the muscles. When interference in centric relation 

is eliminated by equilibration ‘long centric will usually be provided 

automatically. 

The most important aspect is that the vertical dimension of occlusion 

must be the same from back to front of each long centric contact area. 

There is no relationship between the length of a ‘slide’ and length of a 

‘long centric’. Length of a slide is the result of interference of the teeth 

whereas long centric is dependant on anatomy of the condyle disc 

relationship and varying patterns of muscle activity in different individuals. 
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Procedure 

 

Fig 10 

 Centric occlusion centric relation freedom in centric 

 Before adjustment before adjustment after adjustment 

To determine the patient’s long centric two different colors of marking 

ribbon are used. Red ribbon is used first to mark slight closure from postural 

rest position without head rest. Then green or blue ribbon is used for 

marking centric relation points. When both points are identical, ‘long 

centric’ is not essential. 

When red mark is forward of green, each centric stop should be 

extended forward at the same vertical. Green marks should not be ground. A 

knife edge inverted cone carborundum stone is used for accurate grinding. 

 

Fig 11 

Not all patients require long centric. Their centric closure and closure 

from rest are identical. If such patients are given a long centric, they will not 

use it but it will not hurt them either. There are no contraindications for 

providing the freedom. 

Occlusal equilibration in natural dentition 

The term ‘Occlusal equilibration’ refers to the correction of stressful 

occlusal contacts through selective grinding. 

Occlusal equilibration is a phase of treatment that eliminates only that 

part of tooth structure that is in the way of harmonious jaw function. 
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Objectives 

 Centric relation occlusion 

 Coupling of anterior teeth 

 Acceptable disclusion of anterior teeth in harmony with condylar 

movement 

 Stability of occlusion 

 Resolution of temporomandibular joint symptoms 

Bite plane appliances can be given in patients with trismus prior to 

occlusal equilibration to relax the musculature in case of pain. They act by 

contacting on anterior teeth thus eliminating any chance of deviating contact 

from a posterior tooth incline [78]. 

 

Fig 12: Anterior bite plane 

Equilibration procedures 

They can be divided into four parts- 

1) Eliminating interference to terminal hinge axis closure 

2) Eliminating interference to lateral excursions 

3) Eliminating posterior tooth interferences with protrusive excursions 

4) Harmonization of anterior guidance 

Interference to centric relation 

Centric interference can be differentiated into two types- 

1) Interference to arc of closure 

2) Interference to line of closure 
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Fig 13: Arc of closure Fig 14: Line of closure 

Interference to arc of closure 

As the condyles rotate on the terminal hinge axis, each lower tooth 

follows an arc of closure. Any tooth structure that interferes with this closing 

arc has the effect of forcing the lower teeth forward of the interference to 

reach the most closed occlusal position. The primary interferences that 

deviate the condyle forward produce ‘anterior slide’. 

Rule to correct anterior slide-MUDL. 

Grind mesial inclines of upper or distal inclines of lower 

 

Fig 15: Grind mesial inclines or Grind distal of upper cusps of lower cusps 

Interference to line of closure 

It refers to those primary interferences that cause the mandible to 

deviate to left or right from the first point of contact to the most closed 

position. 

1) When mandible deviates from the line of closure towards the cheek, 

grind the buccal incline of upper or lingual incline of lower. 

The selection of which incline to use depends upon which adjustment 

will most nearly place the cusp tip in line with center of its fossa contact or 

that which will direct the forces most favourably to the long axis of both 

upper and lower teeth. 
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Fig 16 

2) When the mandible deviates off the line of closure towards the 

tongue, grind the lingual inclines of upper or buccal incline of 

lower. 

Both these rules can apply to any cusp and they are valid even in 

crossbite relationship. 

Moving cusp tip by selective grinding 

Tilted teeth or wide cusp teeth can be adjusted to improve stability while 

removing interferences. The lower tooth is shaped by grinding without 

shortening the cusp out of centric contact. To grind only the upper tooth may 

mutilate the upper cusps unnecessarily without improving the direction of 

forces. 

Interference in lateral excursion 

Lateral interference should be located by gentle manipulation of the 

mandible into terminal axis and then firmly manipulating all the way out to 

its outer limit. 

Lateral interferences can be divided into- 

1) Interferences on balancing side 

2) Interferences on working side 

Balancing side interferences 

Balancing side interferences are adjusted first and are least complicated. 

The goal here is to eliminate all contact on inclines as soon as the lower teeth 

move out of centric relation and start toward the tongue. 

Grinding rule-BULL. 
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Grind buccal inclines of upper or lingual inclines of lower teeth 

 

Fig 17 

 

Fig 18 

Working side interferences 

Before adjusting the excursion on the working side, it is necessary to 

determine the type of occlusion that will best suit that particular patient. 

Group function 

The lower posterior cusp tip and lower working side incisal edges 

maintain continuous contact from centric relation out toward cheek. 

Posterior disclusion 

In mouths with strong anterior teeth but periodontally weakened 

posterior teeth, it is usually wise to disclude the posterior teeth in all 

excursions except centric. 

Grinding rule-LUBL. 

Since cusp tips are used for centric holding stops, all adjusting is done 

on fossa inclines. Since condyles dictate a concave lateral pathway to the 

posterior teeth (because of the immediate side shift during rotation), 
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adjustments on fossa usually take the form of ‘hollow grinding’ or opening 

up of fossae. 

 

Fig 19: Working side pathway grind lingual incline of upper and buccal incline of 

lower 

Protrusive interference 

Posterior Disclusion in protrusive is accomplished by both the anterior 

guidance and downward movement of the condyles. With steep anterior 

guidance, correction of protrusive interferences is usually minimal. Flat 

anterior guidance requires extensive corrections. 

During protrusion only anterior teeth should touch and all posterior 

contact should be eliminated. 

Grinding rule-DUML. 

Distal incline of upper or mesial incline of lower 

 

Fig 20 

As the stressed teeth return to normal equilibrium after occlusal 

adjustment, readjustment of occlusion must be done until maximum stability 

has been achieved. 



 

Page | 32 

Materials for marking interferences 

Ribbons 

The most efficient method of marking is to use thin silk marking 

ribbons. Two colors, red and green should be used. 

Marking paper 

The ink rubs off soon and paper is easily penetrated or torn. Since it is 

not soft like ribbons it has the tendency to smudge and give false marking. 

Joffe marker 

It is an excellent marking device. It utilizes an ink coated rubber dam 

material stretched on a special holder. 

Waxes 

It is an extremely accurate material that requires much more chair side 

time than marking devices. 

Determining the plane of occlusion 

Plane of occlusion refers to an imaginary surface that theoretically 

touches the incisal edges of the incisors and tip of occluding surface of the 

posterior teeth. 

The two basic requirements of plane of occlusion are- 

1) It must permit the anterior guidance to do its job of discluding the 

posterior teeth when the mandible is protruded 

2) It must permit the disclusion of all teeth on the balancing side when 

the mandible is moved laterally 

Curvature of anterior teeth is determined by establishing an esthetically 

correct smile line, proper phonetics and anterior guidance. 

Curvature of posterior plane is divided into Curve of Spee and Curve of 

Wilson. 

Posterior interference in protrusion must be due to faulty occlusal plane 

and not an improper incisal guidance. Any supraerupted tooth which causes 

interference in protrusion must be shortened even if it requires devitalization 

of the elongated tooth. 
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Fig 21 

Curve of Spee too low posteriorly presents no major problem because it 

can’t interfere with protrusion, except producing some esthetic problems. 

 

Fig 22 

Curve of wilson 

It is an imaginary line drawn mediolaterally to touch cusp tips of similar 

teeth on each side of lower arch. It places the lower buccal cusp higher than 

lingual cusps and upper palatal cusps lower than lower buccal cusps. 

There are two ways of effectively changing the curve of Wilson- 

1)  Change the lateral anterior guidance angle 

2)  Change the length of upper lingual cusps 

If the curve of Wilson is made too steep, it may eliminate the use of 

upper lingual cusps as holding contacts since they would interfere with the 

lateral movement of the mandible. 

Establishing the plane of occlusion 

There are three practical methods of establishing the plane of occlusion 

1) Analysis on natural teeth through selective grinding 

If it is not possible to eliminate excursive interferences without losing 

stable centric holding contacts, the plane of occlusion is acceptable as it is. 

2) Analysis of models with fully adjustable instrumentation 

3) Use of Pankey-Mann-Schuyler methods of occlusal plane analysis 
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It is a technique for determining the occlusal plane when all or most of 

the posterior teeth need restorations. 

Pankey-Mann-Schuyler method accomplishes the following- 

1) Determine plane of occlusion 

2) Determine the amount of tooth reduction 

3) Simple transfer to mouth 

4) Help in laboratory wax-up to determine cusp height 

5) Determine cusp height in restoration 

6) Select the type of occlusal scheme 

It utilizes the concept of Monson’s curve that occlusal curvature has the 

radius of 4 inches. Two arcs, one from the tip of lower canine, called 

‘anterior survey’ line and one from condyle called ‘condylar survey’ line are 

made to intersect at a point called ‘survey centre’. Another arc with the same 

radius is marked on cast from the point of intersection i.e. the survey centre. 

This arc determines the occlusal plane. 

The survey centre may be moved up and down upto 1 cm to favour 

either the upper or lower posterior tooth as long as it remains on the anterior 

survey line. 

Anterior guidance 

The correct relationship of the upper and lower teeth is so critical that 

differences of a millimeter in the incisal edge position can feel grotesque to 

the patient. 

Along with esthetics and function of mastication, anterior teeth have a 

very important job of protecting the back teeth. 

The dynamic relationship of the lower anterior teeth against the upper 

anterior teeth through all the ranges of function is called ‘anterior guidance’. 

 

Fig 23: Anterior guidance 

Pankey Mann [22] & Schuyler [23] reported that both condylar guidance 

and anterior guidance control condylar movement. 
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McCollum & Stuart [24] stated that both anterior guidance and condylar 

guidance are independent factors. 

Dawson stated that condylar path is not a determinant of anterior 

guidance. 

Iwata et al. described the relationship of anterior guidance and 

immediate mandibular lateral translation (immediate lateral shift). During 

side shift the incisal edge also shifts laterally in equal amount. 

 

Fig 24: Mandible as inverted tripod 

Mandible works on class III lever principle and can be compared with 

an inverted tripod. Two legs are the condyles and anterior teeth form the 

front leg. The mandible should be closed into a stable tripod relationship 

with the anterior contact as the front leg. Since anterior teeth are far from the 

fulcrum of the condyles and ahead of the closing muscular force, the 

resistance decreases as the distance from fulcrum increases. 

 

Fig 25: Nut cracker illustration 

The outer limit of the mandibular movement dictated by the condyle is 

called “envelope of motion”. The path that the front end of the mandible 

follows is dictated by the functional movements of the muscles as it relates 

the lower anterior teeth to the upper anterior teeth. 
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Fig 26: Lateral anterior guidance [8, 25, 26] 

Cuspids play a major role in determining the lateral stress bearing 

capabilities of all anterior teeth. The lateral pathways established on anterior 

teeth have greater influence on posterior tooth form. It affects the buccal 

incline of each lower lingual cusp on the same side and lingual incline of 

each lower buccal cusp on the opposite side. 

 

Fig 27: Lingual inclines of upper canines dictating lower posterior inclines 

When anterior teeth are strong enough to function on its own, posterior 

contact in centric relation is sufficient. If anterior teeth are weak in resisting 

lateral stresses, posterior teeth may be brought into group function to help 

share the load of lateral forces. If anterior teeth are too weak, splinting may 

be necessary. 

The main vector force is at right angles to the surface contacted. Vector 

of force against a steep incline is directed almost horizontally and on a flat 

incline would redirect force more nearly up the long axis. Forces are 

redirected by changing the shape of the contacting surfaces. Correction of 

upper lingual contours is patterned to accomplish two effects, redirection of 

forces and improved distribution of forces. Improved distribution of forces is 

accomplished by bringing more teeth into simultaneous contact during 

excursions. 
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Fig 28: Protrusive and lateral movement [25] 

A) Minimal excursive contacts desirable for both protrusive and lateral 

excursive movements 

B) Group function of all anterior incisors in all protrusive and lateral 

mandibular movements 

 

Fig 29: Vector force is at right angles to the surface 

Steps in harmonizing anterior guidance [28] 

First the esthetic and phonetic requirements should be fulfilled. For that, 

the lower anterior teeth are restored first. Then the only portions of anterior 

teeth remaining are areas on the lingual surfaces of maxillary incisors. 

The following six steps aid in establishing a harmonious anterior 

guidance- 

1) Establish coordinated centric relation stops 

If an anterior tooth had a centric stop in acquired position, it may be 

necessary to replace that contact. If a tooth did not have a stop in the 

acquired position (maximum intercuspation), It should not be necessary to 

establish such a contact in centric relation. 
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2) Centric stops in a postural position must have the same vertical 

dimension as those for centric relation 

3) Refine protrusive excursions 

Contact should be established on both maxillary central incisors 

throughout protrusive movement, from centric occlusion to edge-to-edge 

position. Simultaneous contact on lateral incisors and canines is acceptable 

but not necessary unless there are overriding periodontal considerations. 

4) Establish ideal anterior stress distribution in lateral excursions 

Give a canine guidance in lateral border movements. The distal slope of 

mandibular canine should function on the lingual surface of maxillary 

canine. When there is minimal periodontal support, group function should be 

given. 

5) Check lateral-protrusive movements 

As the patient moves from border lateral movement toward the midline, 

there should be a smooth transition from contact on canine to central 

incisors. Lateral incisors may come in contact at any point throughout the 

change but they may never contact alone. 

6) Smooth transition to a crossover position 

Patients will not usually masticate beyond the edge to edge position, 

mandible can move in nonfunctional situations. It is important to maintain 

contact in this crossover position thus protecting the posterior teeth. 

Once the anterior guidance is accepted on the provisional restorations, 

we must duplicate it carefully. Making the customized anterior guide table is 

a most effective method of transferring the guidance [53]. 

Condylar guidance must be set prior to making a custom guide table if 

both anterior and posterior teeth are to be fabricated. If functionally 

generated technique is used there is no need to precisely duplicate condylar 

pathway. Condylar settings cannot be changed after customized anterior 

guide table is fabricated. 

Customized anterior guide table [53, 86, 87] 

  



 

Page | 39 

Method of fabrication 

 

Fig 30: Fabricating customized anterior guide table 

 After the anterior guidance has been finalized in the mouth, upper 

and lower impressions along with the temporaries are made 

 Centric bite record is taken. If posterior teeth have been prepared, 

centric record can be taken at correct vertical dimension with front 

teeth only 

 After mounting the models the anterior guide table is flattened and 

guide pin is raised by 1 mm 

 Specialized acrylic with filler is added and placed on guide table. 

On centric contact, the guide pin should indent 3 mm into the dough 

 Upper model is guided to all excursions from protrusive to lateral 

 After acrylic is hardened, the customized acrylic table should be 

checked for accuracy by pin maintaining contact with guide table 

Richard. L. Alpert [31] (1996) used a stone core made intraorally over the 

lingual surface of provisional restorations after marking the centric contacts 

and functional disocclusion pathway using felt tip pens. This anterior 

functional core becomes the blue print for transferring the anterior guidance 

to the articulator. 

Martin, Gross and Cardash [32] used alginate impressions with temporary 

restorations in mouth and after removing temporary’s poured molten wax 

into impression. These wax temporaries were fitted onto the articulator and 

custom anterior guidance table made. 

Alexander [33] used elastomeric impression material and wax technique 

in a similar manner for duplicating the anterior guidance. 
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Abstract 

The neural crest is a highly migratory multipotent cell population that 

forms at the interface between the neuroepithelium and the prospective 

epidermis of a developing embryo. Following extensive migration 

throughout the embryo, neural crest cells eventually settle to differentiate 

into multiple cell types, ranging from neurons and glial cells of the 

peripheral nervous system to pigment cells, fibroblasts to smooth muscles 

cells, and odontoblasts to adipocytes. They migrate in large numbers and 

their migration is regulated by multiple mechanisms, including chemotaxis, 

contact inhibition of locomotion, and cell sorting.  

Keywords: neural crest cells, multipotent, contact inhibition 

Introduction  

The amazing neural crest is a multipotent population of cells that 

originates at the border of the neural epithelium during early development in 

vertebrates. Later on, NCCs undergo an epithelial to mesenchymal transition 

(EMT) and delaminate from either 

1) The open neural folds (amphibians and mammals) 

2) An ectodermal thickening at the neural plate-epidermis boundary 

(fish) 

3) The closed neural tube (birds) 

From this departure point, NCCs follow stereotypic migratory pathways 

permeating throughout (essentially) the entire vertebrate body. The 

formation of neural crest cells, and their EMT and migration, are carefully 

orchestrated and proceed sequentially in a rostro-caudal wave closely linked 

to the rostro-caudal development of the neural epithelia. Due to largely 

unknown signals, NCCs stop migrating at their final destinations, and in 

several cases they condense and differentiate; however, some evidence 

indicates that these cells might initiate differentiation prior to the cessation 

of migration. 
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During development, critical events endow daughter cells with different 

potentials, which are modulated by specific environmental signals. In order 

to understand how NCCs are able to execute their remarkable migration and 

differentiation potentials, it seems critical to unveil their cellular origin, and 

the possible environmental effectors, which clearly depend on the time and 

regions where NCC precursors appear. 

 

Fig 1: Neural Crest Cells 

  

Fig 2: Direction of Neural Crest Cells 

Discovery and early history of the neural crest 

The story of the neural crest begins in the hands of the talented Swiss 

scientist, Wilhelm His (1831-1904). He provided some of the earliest 
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embryological tools by developing methods to hold, move and cut thin 

sections of samples with precision (innovations that have been cited as the 

origin of the microtome). In a landmark study, His collected chick embryos 

during the first 2 days of development and generated accurate serial sections 

that allowed for an analysis of whole embryos for the first time in a 

systematic way. 

In this initial study by His of chick embryo sections, neural crest cells 

are identified for the first time. However, His does not refer to them as 

neural crest cells. Rather, he identifies a specific set of cells as a middle 

furrow or groove (“zwischenrinne”) surrounding the neural plate in early 

stages, and as a middle cord or thread (“zwischengstrang”) of tissue in 

between the neural tube and the epidermis in more advanced stages of 

development. His suggested that these zwischenrinne and zwischenstrang 

cells are the same, and that they migrate from their original position to 

generate the cranial and spinal cord ganglia. This proposal endured many 

years of dedicated research and controversy to yield our current 

understanding of the origin, formation and extent of the contributions of the 

neural crest. His’ proposal that the neural crest generated the cranial and 

spinal cord ganglia was eventually rectified (cranial ganglia actually have a 

dual origin, made of placodal and neural crest derivatives), and extended to 

incorporate NCCs as the source of mesenchymal tissues of the head all cited 

in and the melanocytes of the skin. 

Although neural crest cells initially fell under the umbrella of 

zwischenrinne and zwischengstrang, the actual term “neural crest” was first 

coined by Marshall in 1879 and adopted soon after by the rest of the 

community. Marshall referred to the borders of the neural plate as “neural 

ridges” (on either side of the neural plate at its rostro-caudal axis). As the 

neural plate closes to form a neural tube, the neural ridges on either side fuse 

with each other, generating a mass of cells separate from the neural plate and 

the overlying ectoderm. Initially, Marshall called this mass a neural ridge, 

but in a 1879 paper he opted for a term to differentiate between the two 

neural ridges lateral to the neural plate and the neural ridge above the neural 

tube, baptizing the latter as “neural crest”. Both the neural ridge and the 

neural crest correspond closely to the zwischenrinne and zwischenstrang 

identified by His. Thus, the developmental biology community has embraced 

the term Neural Crest (NC) to refer to the transient cell population found at 

the edge of the neural plate and dorsal neural tube, which then migrates to 

contribute to varied derivatives throughout the vertebrate body. 
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Relevance of neural crest development 

Neural Crest cells (NCCs) constitute a fascinating population of 

multipotent migratory cells that contributes to a wide range of derivatives of 

the vertebrate embryo. NCC derivatives include the neurons and supportive 

cells of the peripheral nervous system, melanocytes, and endocrine cells. In 

addition, NCCs also generate a set of derivatives collectively known as 

mesectoderm, which includes a large portion of the head skeleton (both bone 

and cartilage). The astonishing capacity of neural crest cells to generate such 

a broad spectrum of derivatives, specifically those traditionally seen as 

mesodermally derived, collides with our preconceptions of the potential of 

the three germ lines. Perhaps the early ectoderm has an extended capacity 

which is lost in epidermal and neural tissues, but not in the neural crest. An 

alternative proposal is that a fourth germ layer -constituted by NCCs 

generates both ectodermal and mesodermal derivatives. 

The diverse differentiation capacity of neural crest cells is suggestive of 

stem cell like properties. Furthermore, true stem cells derived from this cell 

population have been isolated from regions colonized by differentiated 

NCCs (in embryos, newborns and even adults). The isolation of neural crest 

stem cells was initially achieved from embryonic dorsal root ganglia, a tissue 

derived from the neural crest. More recently, neural crest stem cells have 

been identified from varied sources in both infants and adults, including the 

carotid body, the dental papillae, the skin, and the hair follicles. These cells 

can be propagated in vitro, retaining cell renewal capacities, and are able to 

differentiate into various neural crest derivatives upon proper stimulation. 

As a consequence of the robust contribution of NCCs to many specific 

cells, organs and systems during development, this cell population is 

implicated in a large number of human pathologies. Birth defects resulting 

from aberrations in NCC development include craniofacial malformations 

(cleft lip/cleft palate, fetal alcohol syndrome), congenital malformations of 

the cardiac outflow tract, and Hirschsprung's disease, amongst other 

disorders. Additionally, neural crest related tumors include melanoma, 

neuroblastoma, neurofibromatosis, and pheochromocytoma. Thus, studying 

the basic developmental biology of NCCs is a critical step to improve our 

understanding of these conditions, and to generate diagnostic and therapeutic 

strategies. 

Neural crest differentiation potential 

Connective 

tissues 

Ectomesenchyme of facial prominences and pharyngeal arches 

Bones and cartilages of facial and visceral skeleton (basicranial and 

pharyngeal-arch cartilages) 
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Dermis of face and ventral aspect of neck 

Stroma of salivary, thymus, thyroid, parathyroid, and pituitary glands 

Corneal mesenchyme 

Sclera and choroid optic coats 

Blood-vessel walls (excepting endothelium); aortic arch arteries 

Dental papilla (dentine); portion of periodontal ligament; cementum 

Muscle 

Tissues 

Ciliary Muscles 

Covering connective tissues of pharyngeal-arch muscles (Masticatory, 

facial, faucial, laryngeal) combined with mesodermal components 

Nervous 

Tissues 

Supporting tissues 

Leptomeninges of prosencephalon and part of mesencephalon 

Glia 

Schwann’s sheath cells 

Sensory ganglia 

Autonomic ganglia 

Sensory ganglia (in part) of trigeminal, facial(geniculate), 

glossopharyngeal (otic and superior), and vagal (jugular) nerves 

Autonomic nervous system 

Sympathetic ganglia and plexuses 

Parasympathetic ganglia (ciliary, ethmoid, sphenopalatine, 

submandibular, and enteric system) 

Endocrine 

Tissues 

Adrenomedullary cell and adrenergic paraganglia 

Calcitonin parafollicular cells-thyroid (ultimopharyngeal body) 

Carotid body 

Pigment 

cells 

Melanocytes in all tissues 

Melanophores of iris 
 

1. Variety 

The derivatives generated by NCCs are astonishing due to their variety 

and number. NCCs generate most of the neurons (sensory, cholinergic and 

adrenergic) and glia of the peripheral nervous system, all the pigmented cells 

in the skin (melanocytes), and endocrine cells of the thyroid and adrenal 

gland. Perhaps the most striking derivative of the NCCs is the mesectoderm, 

a special mesenchyme from ectodermal origin capable of generating 

derivatives once thought to be made exclusively by mesoderm. NCC-derived 

mesectoderm is capable of forming cartilage, endochondral bones, dermal or 

intramembranous bones, teeth, dermis, smooth muscle, and other connective 

tissues. 
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2. Number 

The NCC derivatives referred to above, are only subtypes which 

represent many different cell types, and which contribute to several tissues 

and organs throughout the vertebrate body. For example, more than 20 

different cranial bones are made by neural crest cells. Furthermore, many 

different sensory neurons expressing a different array of molecules and 

employing characteristic neurotransmitters are made by neural crest cells in 

specific locations of the embryo. The same is true for the other neuronal 

subtypes (parasympathetic, sympathetic, and enteric). 

3. Regional contributions of NCCs in vivo 

Fate map studies generated via ablation or grafting strategies have 

provided a very detailed picture of the specific contribution of neural crest 

cells from different regions of the avian embryo. Neural crest cells from the 

cranial region, which are subdivided into prosencephalon, mesencephalon 

and rhombencephalon groups, generate mesectoderm and pigmented cells. 

The prosencephalon makes no other crest contributions, while NCCs from a 

slightly more caudal location (the mesencephalon) generate, in addition to 

neurons and glia of the parasympathetic and sensory ganglia, mesectoderm 

and pigmented cells. Yet, in the caudal portion of the rhombencephalon, 

sensory ganglia, enteric ganglia and endocrine cells accompany the 

mesectoderm and pigmented cells as NCC derivatives. In the rest of the 

embryo (caudal to the head), a similar display of specific derivatives has 

been described. The cervical spinal cord, thoracic spinal cord, and 

lumbosacral spinal cord regions generate a variety of derivatives according 

to specific locations within each territory. However, no mesectoderm or 

parasympathetic ganglia are generated in these more posterior locations; 

instead, posterior NCCs contribute to sympathetic and sensory ganglia, and 

pigmented cells. In addition, the anterior cervical spinal cord and the 

lumbosacral region (but not the interceding territories) also to the enteric 

ganglia. Similarly, only the caudal portion of the cervical, and the anterior 

half of the thoracic spinal cord generate endocrine cells. 

Cellular and molecular events responsible for neural crest formation 

The neural folds (where prospective neural crest cells reside) are 

surrounded by the neural plate medially and by non-neural ectoderm 

(prospective epidermis) laterally. Additionally, the ectoderm of the embryo 

is underlined by mesoderm. Specifically, axial mesoderm lays under the 

central most region of the embryo, and paraxial mesoderm under the more 

lateral sides of the embryo (beneath the neural folds). The location of these 
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tissues has prompted investigators to suggest their involvement in the 

formation of the neural crest, and a considerable body of evidence based on 

juxtaposition experiments performed in vivo and in vitro supports a role of 

these tissues in NCC development. Juxtaposition of “naïve” intermediate 

neural tissue (ventral to the neural folds and dorsal to the ventral midline or 

prospective floor plate) against prospective epidermis (lateral non-neural 

ectoderm) triggers crest induction. Interestingly, these experiments have 

shown that epidermal and neural tissues signal to each other, and both tissues 

generate neural crest cells. Most attention has focused on the possible 

signal(s) from the epidermis that trigger neural crest induction in the neural 

tissue. However, a similarly large body of experiments demonstrates that 

mesoderm is the source of induction activity, and it is this germ layer that 

directs the overlaying ectoderm to form the neural crest. 

At the molecular level, several signals have been identified as neural 

crest inducers. The most prominent of these are BMP, FGF and Wnt. Studies 

from the Jessell laboratory were the first to identify, at the molecular level, a 

neural crest inducer. Members of the TGF-β family (Dorsalin-1, Activin, 

BMP2, 4, & 7) effectively induce neural crest formation from the naïve 

neural plate. Together with studies in Xenopus and zebrafish, this research 

suggested that BMP signals operate at intermediate concentrations during 

neural crest formation. 

Genes required and/or sufficient for NCC development 

Our understanding of the regulation, function, and interactions between 

the NCC molecular markers is limited. Most of our knowledge is based on 

the study of a few transcription factors expressed by early NCC precursors, 

or by both premigratory and migratory NCCs. The function of these 

transcription factors has been investigated through over expression and 

inhibition approaches in whole embryos, or in explanted tissues. These 

studies have identified transcription factors that are required for neural crest 

development (Ap2, FoxD3, Msx1, Pax3, Pax7, Snail1, Snail2, Sox9, Sox10, 

Zic2, etc.), some of which are able to promote an expansion of NCCs in 

relatively endogenous territories (FoxD3, Pax3, Snail1, Snail2, Sox9, Sox10, 

Zic1, Zic3, Zic5). 

A more stringent test has been to challenge the inductive capacity of 

certain factors to trigger the formation of neural crest cells in naïve 

ectoderm. To date, only FoxD3 and Snail1 have been identified as having 

this capability. However, Snail and/or Snail2, Sox9 and FoxD3 are all vital 

to neural crest formation, and are considered by the neural crest community 
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to be bona fide neural crest markers. Therefore, the current understanding of 

the participation of these three factors in NCC development is addressed 

below: 

Snail 

Amongst the most prominent markers of neural crest development are 

the zinc finger transcription factors of the Snail family, Snail1 and Snail2 

(formerly known as Slug. These genes are expressed in neural crest cells, as 

well as in early mesodermal tissues and are associated with morphological 

changes and movements including those necessary for the epithelial to 

mesenchymal transition that neural crest cells undergo prior to their 

migration. 

FoxD3 

The fork-head or winged-helix transcription factor FoxD3, is expressed 

in prospective and migrating NCCs in mice, frog, fish and chick embryos. Its 

earliest expression is concomitant with the expression of Snail genes. Over 

expression experiments offer controversial results, in some contexts leading 

to an expansion of the neural crest territory. Furthermore, combinatorial 

experiments suggest that Snail genes and FoxD3 genes may act in parallel 

pathways leading to NCC development. 

SoxE 

SoxE genes (Sox8, Sox9 and Sox10) are a subgroup of transcription 

factors containing a high mobility group (HMG) DNA binding box. SoxE 

genes are also expressed by precursors and migratory NCCs, and their 

functions are required for different aspects of NCC development. Sox9 

appears to be critical for early NCC development, and downregulation 

experiments demonstrate this requirement. In contrast, overexpression 

experiments suggest that Sox9 can trigger the formation of neural crest cells. 
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Abstract 

Fractures of the floor of orbit commonly known as blow out fracture. It 

may be classified into pure and impure fractures. Isolated fractures of orbit 

are known as pure. Many biomaterials have been used over the years to 

reconstruct the floor. This review discusses the role of different biomaterials 

for orbital floor reconstruction. 

Keywords: blowout fractures, biomaterials 

Introduction 

Fracture of the floor of the orbit which may be accompanied by 

displacement of the orbital contents into the maxillary sinus [1]. Based on the 

orbital rim fracture along with floor fracture, Converse and Smith introduced 

the concept of pure blow out and impure blow out fractures [2]. The treatment 

of orbital floor fractures is still controversial with regard to indications, 

surgical timing [3] access and reconstruction techniques. The eyes should be 

bright and reflect light, they are the windows to the soul [4] Over the years 

different authoritative opinions have alternated in the literature. Wide ranges 

of choices are available regarding the materials used for orbital floor 

reconstruction. They can be classified as autografts, allografts, or alloplasts 
[5]. Alloplasts can be classified as non-resorbable and resorbable materials. 

Titanium mesh, Teflon, Medpore, Silicone come under the non-resorbable 

category. Resorbable materials include poly-L-Lactide, polydioxanone, 

polycaprolactone, polyglactine-910 and polyglycolic acid [6]. Allograft 

materials include lyophilized dura and lyophilized cartilage [6] Autografts 

include periosteum, rib grafts, auricular cartilage, iliac bone graft, 

mandibular bone graft, calvarial graft. Though autogenous bone graft 

provide framework for orbital walls, they carry the main disadvantage of 

donor site morbidity including nerve and blood vessel injury, gait 

disturbances, cosmetic disturbance, and donor site pain [7]. Non resorbable 

alloplasts become as permanent foreign bodies and can cause late 



 

Page | 58 

complication such as infection migration of implants, extrusion of implant 

and residual diplopia [5]. The reconstructive surgeon must always be aware 

that any non-resorbable material has the potential to cause infection even 

after an interval of years. For this reason, autogenous grafts are still widely 

used. Of autografts, auricular cartilage [7, 8] is indicated for the reconstruction 

of gaps in the orbital floor due to a shape that is very similar to that of floor 
[9, 10]. 

Surgical anatomy 

It is very important to know and appreciate the anatomy of the orbit to 

understand the injuries sustained by the orbit and to postulate how to 

reconstruct it. The orbit can be anatomically classified into many ways. It 

has been described in relation to its bony components, the periocular soft 

tissues, the globe and the protective soft tissue apparatus consisting of the 

upper and lower eyelids and the lacrimal apparatus. 

 

The bony orbit comprises of seven bones 

1. Zygoma 

2. Maxilla 

3. Frontal bone 

4. Lacrimal bone 

5. Ethmoid bone 

6. Sphenoid bone  

7. Palatine bone  

The orbit contains the eye and its accessory structures. The globe of the 

eye takes up one quarter of the volume of the orbit. The orbit is a 

quadrangular pyramid with its base on the facial surface. Its apex is the optic 

foramen and the medial end of the superior orbital fissure. The medial wall 

made of ethmoid bone is almost paper thin of about 0.2 to 0.4mm.  
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The orbital rim is composed of cortical bone. Its strength comes from its 

circumorbital continuity.  

The floor is almost triangular with rounded corners, being narrower 

posteriorly and merging medially with the almost quadrilateral plate of the 

ethmoid bone. The floor is not horizontal but slopes upwards and medially at 

45 degree and ascends posteriorly at about 30 degree. The floor is very thin 

being almost 0.5mm in most areas and is further weakened by the presence 

of infra orbital groove and canal. It is concave anteriorly and convex 

posteriorly. Medially there is no distinct border. The orbital floor behind the 

orbital rim is initially concave until a point just behind the equator of the 

globe. Posteriorly, it becomes convex upwards inclining to about 30 degrees 

creating the retrobulbar constriction of the orbit. The inferior orbital fissure 

separates the lateral wall and the floor of the orbit. It is roughly 2cm long 

and runs posteromedially. 

There is a 45 degree inclination from the lateral to the medial wall and 

antero-medially and posteromedially to it there is a bulge called Hammer’s 

key area, which is a very important area for graft placement to efficiently 

correct enophthalmos. The inferior and the lateral wall can be safely 

dissected for about 35mm to reach the area. 

 

Fig 1: showing Hammer’s key area 

The inferior orbital margin is clearly defined on its outer aspect and is 

readily palpated but the inner third is more rounded. It is not able to 

withstand direct force in the central and medial areas because of the 

proximity of the underlying maxillary antrum and the closely related infra 

orbital canal. Just within the rim at the junction of the outer two thirds and 

the inner one third, there is a small depression which marks the origin of the 

inferior oblique muscle, the only extra ocular muscle which does not arise 

from the back of the orbit. This part of the inferior oblique rim is often 

fractured producing associated disruption of the muscle and subsequent 

diplopia. 
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Rontal et al. (1979) studied 48 orbits in 24 skulls to determine the 

relationship of important structures to determine the relationship of 

important structures of the orbit to well defined landmarks in the wall. By 

summarizing the useful measurements given by them, it may be stated that a 

subperiosteal dissection may be safely extended for a distance of 25mm 

posterior to the inferior and lateral rim and for a distance of 30mm from the 

superior rim and the anterior lacrimal crest. Distance from the infra orbital 

foramen to the midpoint of inferior orbital fissure is around 24mm.  

Methods of collection of data 

patients with orbital floor fractures were included. The procedures to be 

performed were explained, followed by written informed consent. A detailed 

history was taken followed by clinical examination. PNS view and CT in all 

the three planes was taken and findings were recorded in a specially prepared 

case history proforma. Pre-operative surgical defect was measured in the CT 

and volume was measured using Volume share II, an installed application. 

Post-operative, all the patients were followed for 2 months to evaluate 

enophthalmos, diplopia and any limitations of extraocular movements. The 

surgical sites were examined for evidence of infection, or extrusion of the 

graft. Post-operative volume measurements were done for comparison. 

Inclusion criteria 

Patients who have sustained orbital floor fractures: 

 Diplopia 

 Herniation of orbital tissues through gaps in the orbital floor 

 Enophthalmos 

 Concomitant displacement of bone fragments of inferior orbital rim 

Exclusion criteria 

 Medically compromised patients 

 Optic neuropathy or post traumatic blindness 

 Previous history of ophthalmic surgery 

 Only eye with vision 

Ethical approval was obtained for the study from the institutional ethical 

committee and informed consent obtained from each patient in the regional 

language (Tamil) explaining nature of the surgical procedures and the study.  
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Pre-operative assessment 

A detailed history, clinical examination, including general examination 

and ophthalmologic examination, radiograph, CT scan and facial 

photographs CT scan using GE Discovery Workstation. Volumes of the 

orbits using Volume share II, an installed application. 

  

Clinical examination 

Both extra oral and intraoral examinations. 

Ophthalmologic examination 

Parameters Right Eye Left Eye 

Ocular movement   

Conjunctiva   

Cornea   

Pupil   

Lens   

Fundus examination   

Visual acuity   

Diplopia   

Forced duction test   

Infraorbital sensation   
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Hess charting 

Armamentarium 

 

Micromotor and handpiece 

 

Surgical procedure 

  

Fig 1: Traction sutures Fig 2: Corneal Protection 

  

Fig 3: Transconjunctival incision Fig 4: Dissection 
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Fig 7: Placement of graft Fig 8: Closure 

Discussion 

Management of orbital fracture is a challenging problem for the oral and 

maxillofacial surgeon. 

Their reconstruction requires 

1) Release of entrapped orbital floor muscle 

2) Reduction of the fractured floor 

3) Reduction of the floor defect 

4) Prevention of infection from antrum 

5) Return of physiologic function the extraocular muscles 

6) Elevation of the depressed zygoma 

7) Correction of the volume discrepancy between the orbits [11] 

Various factors influence the choice of material for use in orbital floor 

reconstruction. The choice depends on the size of the defect, involvement of 

multiple walls, adaption to the internal contours, restoration of proper 

volume, presence of adjacent sinus cavity, prevention of displacement, risk 

of further trauma, adhesions or restriction of ocular motility, early vs. 

Fig 6: Fixation of rim 
Fig 5: Exposure of Rim & 

Retrieval of herniated Soft tissue 
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Late repair [12]. There is general consent that the ideal floor inlay 

material should be inexpensive, readily available in sufficient quantities, 

adaptable to regional anatomy (easy to contour and sharpen), easy to 

position, suitable to all types of defects, able to provide support to orbital 

contents, biocompatible, non-toxic, non-carcinogenic, free of potential for 

disease transmission, inert or biodegradable to zero remnant. [13] Alloplasts 

are available as either resorbable or non-resorbable materials. Non 

resorbable materials are titanium mesh, porous polyethylene sheet, BAG 

plate, hydroxyapatite sheet. These non-resorbable materials remain as 

permanent foreign body, potential for disease transmission, expensive, not 

readily adaptable to walls [13] Resorbable materials used are PLLA and 

PLLA/PGA sheet, polyglycolic acid membrane, PDS sheet, polyglactin-910 

mesh, periosteum polymer complex. [13] Unfortunately resorbable materials 

have not always performed well. Two major problems have been 

encountered that limit their potential. First is the ability of these materials to 

maintain support to the orbital tissues sufficiently long until replaced by 

fibrous or bony tissue to prevent enopthalmus. Second is the progress of 

degradation that is not benign. [14] advantages of alloplasts are that they can 

be applied in wider defects, good support to orbital contents.  

 The other choice for orbital reconstruction is the use of allogenic 

materials. WAITE AND CLANTONS (1988) have reported these grafts as 

reconstruction material [15]. The main concern with regard to the use of these 

materials is the antigenicity of the material and transmission of infectious 

diseases. Delayed hypersensitivity reactions have also been reported with the 

use of xenografts. Despite being careful on the sterilization techniques, risk 

of infectious disease transmission is the main disadvantage of using 

allogenic materials. [13] Because of various shortcomings associated with use 

of alloplastic and allogenic materials, autogenous grafts still widely used for 

orbital reconstructions.  

Disadvantages associated with autogenous bone grafts are donor site 

morbidity. variable rates of resorption with subsequent development of 

enopthalmus and or ocular dystopia. Difficulty in contouring and shaping. 

Intracranial complications such as scarring. Alopecia and injury to the 

temporal branch of facial nerve. A further disadvantage of using bone is the 

separate surgical field and time taken to harvest the gift. [14] The idea behind 

using auricular cartilage is that an ideal implant for orbital floor 

reconstruction for orbital defects because of its natural curve that fits into the 

orbital defects. Auricular cartilage seems to provide an excellent source of 

cartilage seems to provide an excellent source of autogenous tissue for the 
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repair of orbital floor defects. The thickness of the cartilage and its concave 

shape are ideal qualities that enable a precise fitting to the concave floor, 

especially at the junction of the floor with the medial wall, the most common 

location of disruptions caused by trauma. The intrinsic strength 

characteristics of this cartilage make it highly suitable in the repair of large 

gap defects. Less resorption if the perichondrium in left intact. The 

perichondrium becomes vascularized soon after transplantation. With 

attention to surgical technique, the cartilage can be harvested without 

creating auricular deformities and objectional scarring. Other advantage 

auricular concha include a donor area that is located in the proximity of the 

recipient site that can be prepared and draped within the same surgical field. 
[16] Bayat et al., [17] and Dharmindra et al., [18] stated auricular cartilage seems 

to provide an excellent source of autogenous tissues for the repair of orbital 

floor defects because of- 

1) Its thickness and concave shape 

2) Ease and less time to harvest 

3) Minimal donor site morbidity 

Castellani et al., [19] Stated that cartilage is only slighthly vascularized 

and thus requires little blood perfusion. Which means that it undergoes less 

resorption. 

Conclusion 

Considering all the observations in our studies, conchal auricular 

cartilage graft can be used as a suitable implant for orbital floor 

reconstruction. The clinical outcome is comparable or even better to other 

materials for orbital defects. 
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Abstract 

The obturation of thoroughly cleaned and disinfected root canal system 

is necessary for the success of the endodontic treatment. The traditional 

obturation method requires the use of cold gutta percha and sealer. The 

secondary or accessory cones were inserted laterally to occupy the unfilled 

space of the canal. The laterally compacted cold gutta percha against the wall 

of the canal represents the cold lateral compaction procedure. This is the 

oldest method of obturation and very popular amongst the clinicians. It has 

fast learning curve and requires no special instruments. There are certain 

stumbling block with these approach such as large number of voids, more 

amount of sealer and difficulty in filling the canal irregularities. The large 

volume of sealer may disintegrate on exposure to the tissue fluids and along 

with voids present within the obturating material may jeopardize the 

impermeable seal of the root canal. 

In order to have densely compacted gutta percha core material with 

minimal volume of sealer and less gaps or empty spaces within the 

obturation, newer obturation approach was developed. The use of heat to 

soften and compact the gutta percha provided a densely packed obturation 

with minimal voids and conforms to the asymmetry of the canal. The 

contemporary warm vertical compaction technique is based on this concept. 

This technique provides complete seal to the canal and is now frequently 

used by the clinician. This chapter will discuss the warm vertical 

condensation technique, various different ways of using this technique and 

several important clinical factors associated with the procedure during its use 

in obturating the root canals. 

Keywords: warm vertical compaction technique, downpack & backfill, 

heated pluggers; endodontic heating devices 
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Introduction 

The “obturate” word has its Latin origin which means to block or to 

obstruct. The obturation in dentistry means to seal all the pathways in 

thoroughly disinfected and shaped root canal by a biocompatible material so 

as to prevent its invasion from microorganisms and to provide conditions 

favourable for healing. The goals of endodontic treatment is to eliminate 

pulpal or periapical pathosis and provide long lasting survival of the tooth to 

maintain its function in the oral cavity. These objectives can be achieved by 

meticulous debridement, shaping and three dimensional obturation of the 

entire root canal system.  

Gutta percha is most commonly used obturating material. The material 

is radiopaque, semi-solid and can be molded within the canal by means of 

compaction. It is an inert material and is easily introduced within the canal 

and can be easily removed if needed. It can be readily disinfected. The issue 

with gutta percha obturating material is lack of adhesiveness to the tooth 

structure and thus needs root canal sealer. The high quality obturation 

requires dense core material with less sealer. The obturation techniques 

resulted in varied levels of obturation. The cold lateral compaction of gutta 

percha resulted in more sealer and less dense obturation while the heated 

gutta percha which can be molded and compacted produce well condensed 

obturation with less sealer and less gaps within the obturating material. 

The timing of obturation is also of paramount importance for the success 

of any obturation technique. The obturation should essentially be performed 

when the canals are scrupulously cleaned and prepared without any clinical 

manifestation. The canal should be diligently instrumented to an optimum 

size to receive the obturating material. The canal should be dry without any 

purulent or serous exudates. These considerations should be followed before 

filling the canals for proper endodontic prognosis. 

Root canal filling can be performed with various obturating materials 

and techniques. The preexisting conditions of root canal should be 

considered before the selection of obturation technique. The canal anatomy 

such as oval canals, branched canals; canal defects such as internal 

resorption, open apex; procedural errors such as perforation, ledges or roots 

in proximity to vital structures such as mandibular canal or maxillary sinus 

should be apprised. 

The obturation techniques require certain basic necessary needs to 

dispense the quality obturation. The traditional cold obturating methods 

require specific spreaders for each canals and the contemporary warm 
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obturating procedure needs specific pluggers along with specialized heating 

devices. The warm gutta percha strategies has given more stable and 

consistently good quality obturation in endodontics. This chapter will 

address on warm vertical condensation technique for obturating root canal 

and their various issues pertinent within the clinical framework. 

Warm vertical condensation technique 

The warm vertical condensation technique requires use of heat to soften 

the gutta percha (GP) followed by vertically compacting it into the smooth 

flared root canal preparation. Herbert Schilder in 1967 first develop this 

technique where the gutta percha is plasticized within the root canal and 

offers downpack and backfill obturation [1]. The downback is the vertical 

condensation of heat softened GP from coronal to apical in the apical part of 

the canal while the backfill is the filling of the residual space of the canal 

from apical to coronal. 

The procedure provides three dimensional seal at the terminus of the 

canal (4 to 5mm of the apical canal). It fills the canal irregularities with the 

help of apical and lateral hydraulic forces by pressing the sealer and gutta 

percha along its path. It delivers the densely compacted obturation of the 

root canal system than the traditional obturation techniques [2]. 

The technique given by Schilder was very painstaking, labour intensive, 

required numerous instruments and had the risk of Lip injury as the 

instruments were heated outside the oral cavity to soften the gutta percha 

within the canal. Since its introduction various remarkable transformations 

have been made in the technique to simplify the procedure and to ensure 

more easier application. The instruments used in the Schilders technique of 

vertical condensation were heat carrier and cold plugger of appropriate sizes. 

The heat carrier instruments were heated in Bunsen burner and were used to 

soften gutta percha within the canal while cold pluggers were used to 

vertically compact the softened gutta percha. 

The electric heat carriers (Touch and heat) were later introduced and 

provided more control over heat application. Subsequently, the other systems 

were introduced such as System B which thermostatically controlled heat 

carrier and has simplified technique [3]. 

The warm vertical condensation techniques of gutta percha are 

 Interrupted technique 

 Continuous wave technique 
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The procedure for placing master cone is similar in both interrupted and 

continuous wave technique. A non-standardized accessory cone can be used 

as master cone as it is more wider than the standardized cone. The sealer is 

coated to the wall of the canal. The GP of about 1-2mm is removed from the 

tip of the master cone and is inserted short of working length. The excess GP 

at the canal orifice is then discarded with the help of heated plastic 

instrument. 

Interrupted technique 

This technique is also known as multiple wave technique. The 

increments of GP of 3-4mm is being heated by heat carrier for 2-3sec and 

bits of GP with heat carrier is removed followed by the vertical compaction 

of plasticized GP using cold pluggers of appropriate size. The plasticization 

of 3-4mm of GP by heat carrier and its vertical compaction by cold plugger 

produces an individual wave of compaction. Such multiple compactions 

were performed so as to achieve seal of the GP in the remaining 5mm from 

the canal terminus [3]. 

Continuous wave technique 

This technique requires one individual wave of compaction rather than 

several multiple compaction. A single appropriate plugger is selected which 

fits the taper of the canal from 5-6mm of the canal terminus. The selected 

plugger is heat activated for 2-3 seconds and is moved apically in the canal 

so as to reach to its determined location. Once reached, the heat is 

inactivated and a vertical pressure for 10 seconds is applied by the same 

plugger. The heat is again activated for 1second and ceased for 1 second. 

This activation and inactivation of 1 second will help the plugger to be 

removed easily from the canal along with excess GP [4]. 

The empty unfilled space of coronal two thirds of the canal is obturated 

by backfill. Backfilling of the canal is achieved by the injection molded 

thermoplasticized gutta percha technique. 

Injection molded thermoplasticized gutta percha technique 

Injection molded GP exhibits excellent flow properties. This technique 

involves placing increments of thermoplasticized GP and condensing it until 

the coronal extent of the canal is filled. The increments of thermoplasticized 

GP is deposited using the obtura Gun. Small increments of 2-3mm are 

placed and condensed to minimize shrinkage. The downpack of the GP 

ensure adequate apical resistance form to prevent extrusion of GP during 

backfilling [2]. 
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Canal preparation for warm vertical compaction technique 

1. The canal should have a continuous gradual taper 

2. The apical constriction should be maintained as small as practical 

3. The prefit GP cone must have a snug fit in the apical third within 

0.5mm of radiographic terminus 

4. The canal should allow the prefit plugger within 3-5mm from the 

working length [5] 

Heating devices 

Variety of systems are available for heating the cold GP to render it 

thermoplasticized for obturation. 

System used to heat the gutta percha inside the canal 

1. Touch and Heat 

2. System B 

System used to heat the gutta percha outside the canal 

1. Obtura (High Heat) System 

2. Ultrafil (Low heat) System 

Touch and Heat source 

The Touch and Heat is a thermosoftening device introduced by Johan 

Masreleiz in 1982. It can be used with interrupted wave of obturation. It 

requires various sizes of vertical pluggers which fits the coronal, middle and 

apical third of the canal. 

The Touch and Heat system consist of an electrical unit with a front 

panel, a probe handle and a cord to connect the two.  

The front panel of Touch and Heat system consist of- 

 Power control dial 

 Heat light (green)  

 Charge light (Yellow) 

 Low battery light  

 Selector push button 

The power control dial regulates the amount of heat to the tip of the 

plugger. The heat increases linearly from the setting of 0 (low power) to 10 

(maximum power) such that the setting of 5 is 50% of the maximum power 
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output. The maximum power at setting of 10 can reach 1200-1400F (640-

760C) in air within 8seconds and the lowest setting of 0 has power output of 

100F (37C) [6]. 

The manufacturer recommends vertical condensation should be 

performed at the power setting of between 6-8 and the heat applied for 1-2 

seconds. 

The green heat light on the front panel indicates the tip of the plugger is 

in heating mode. The unit operates from rechargeable battery. The battery 

charged or low is also shown by lights on the front panel. The push button 

switch can be selected for the use or the store mode. The store mode will 

deactivate the unit and prevents the battery from discharging and should also 

be used when changing tips of the plugger. It also prevents the tip from 

heating in case the touch switch is activated accidentally [6]. 

The probe handle consists of pin vise nut which provides casing/housing 

for the different tips for its application while the contact spring on the pin 

vise nut turns on or start up the Touch ’n Heat device. Depressing the spring 

will heat the tip of the plugger. 

System B heat source 

 The System B heat source was introduced by Stephen Buchanan in 

1987 provides precise amount of heat and regulates the tip temperature of the 

heat carrier plugger. It is used with continuous wave of obturation. Similar to 

Touch and heat device, System B heat source consist of a electronic unit 

with a front panel, a probe handle and a cord to connect the two. 

The front panel of System B consist of more buttons to provide more 

temperature settings. It consists of selector button for use or store mode, 

power control dial for power settings from 1 to 10, temperature dial for 

precise temperature which is displayed on LCD, the temperature selector 

button for touch or continuous mode and the heat light and the two battery 

lights (charged or low) The probe handle is similar to touch and heat. 

Next generation of system B devices 

The newer version of System B devices are- 

 Cordless System B devices consisting of exclusive probes with the 

electronic unit placed within. 

 Electronic Unit (Element obturation unit) consisting of two probes. 

One is System-B Heat Source and the other is for injecting 

thermoplasticized GP 
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Newer feature incorporated were 

1. The handpiece/Probe diameter has been enlarged to have more snug 

grip. The contact spring button is raised 2 mm for easy location and 

has an indicator light and sound prompts whenever the heat source 

is activated. 

2. Selection buttons were provided for different heating functions such 

as downpacking, backfilling, pulp testing with heat, and heat 

cautery as each requires different power and heat settings 

(temperature setting, touch/continuous mode). 

3. The downpacking mode has an automatic shutoff after four seconds 

to prevent damage associated with heat. The downpacking mode 

also has a sound prompts at five seconds and another at ten seconds 

indicating the termination of the heating cycle [7]. 

Obtura system 

The obtura system consists of a control unit and a syringe with a pistol 

grip handle for heating of GP (beta phase). The syringe contains GP which is 

heated to 160-200C. The silver needle attached to the syringe will release the 

thermoplasticized GP when required. The silver needles are available in 18, 

20, 23 & 25G sizes. The temperature of the released GP from the tip of the 

needle is 62-65C. The heating syringe does not require preheating of GP and 

takes about less than 2mins to establish the required operating temperature 
[8]. 

Ultrafil system 

The cannules containing GP were heated to 70C in a heating unit for a 

minimum of 15mins. These GP are available as: regular set, endoset and firm 

set. The cannules must be discarded after 4hrs heating [8]. 

Implications of warm vertical gutta percha compaction techniques 

1. Effect of heat 

Use of heating devices for thermosoftening the gutta-percha has become 

increasingly popular in endodontics. A better understanding of these systems 

may help to provide good quality fillings and to prevent irreversible 

molecular modifications of the root filling material and damage to the vital 

tissues around the root. The actual temperature at the plugger tip, plugger 

penetration depth, accuracy of the set temperature used with warm vertical 

compaction devices may have influence on the quality of the obturation. The 

heat applied during warm vertical compaction technique exerts effects on the 
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obturating material, external root surface and the supporting structures. 

There is a need to discuss these factors individually in order to understand 

the implications. 

Heat carrier/Plugger 

 The higher plugger temperature may overheat the gutta percha leading 

to shrinkage while the lower temperature may underheat the gutta percha 

leading to increase pressure and inadequate molding [9]. The temperature 

should be such that it allows the penetration of GP into the small lateral 

canals or isthmuses without altering the properties of gutta percha. Buchanan 
[4] recommended the warm vertical compaction technique should be used at 

200C for a duration of no more than 4s. 

The quality of the vertically compacted filling depends on the 

penetration depth of the plugger. The plugger penetration depth of 5mm 

from the working length is sufficient or adequate and produced least apical 

leakage [9]. 

The penetration depth of the plugger is also directly related to the apical 

width of the shaped canal at 5mm.The apical flaring using larger taper 

instruments facilitates the penetration of pluggers provided the width of the 

apical portion is kept to a minimum [10]. However it is not always possible in 

clinical situations. 

The set temperature of the heat source do not match the actual 

temperature at the tip of the heated pluggers [11, 12]. The temperatures 

recorded at the tip of the pluggers has shown varied readings between the 

different tapered pluggers. The actual temperature at the tip of the pluggers 

was shown to be lower than the set temperature on the System B LCD 

display [12]. This may be explained due to loss of the heat during conduction 

of heat from the heating source to the tip of the plugger. 

Warm vertical compaction technique can exerts influence on 

a. Root canal sealers 

b. Obturating material (Gutta Percha) 

c. External root surface and supporting structures 

Root canal sealers 

The temperature effect on the root canal sealers during warm 

condensation technique has not been well reported. The laboratory studies 

are reported largely than the clinical studies on warm vertical compaction 

techniques. 
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The root canal sealers behaved as thermal insulators during warm gutta 

percha technique and due to their varied compositions have shown different 

heat-conducive properties [13]. The heat application with smaller heating time 

and lower temperature will not affect the relevant physical or chemical 

changes to sealers [14]. It was seen in an experimental model that there was 

no substantial physical or chemical changes within the root canal sealer 

when subjected to thermal treatment similar to the clinically accepted 

temperature levels not exceeding 60 seconds [14].  

The higher temperature may however affect the physical and chemical 

properties of the root canal sealers. The overheating or impropriate 

implementation of warm condensation technique will results in deleterious 

affect on the physical and chemical properties of the sealer as is shown in the 

literature [15-18].  

Gutta percha 

Gutta-percha is the most acceptably used obturating material for its 

stable physical and chemical properties and its thermoplasticizing quality. 

Gutta percha is available in alpha and beta forms. Both forms can be used 

with warm vertical compaction technique. 

The quality of obturation by warm vertical compaction technique 

depends on the thermal plasticization property of the gutta percha. The gutta 

percha is not an excellent heat conductor but the temperature of the apical 

gutta percha has an affect on the length control and dimensional stability [19]. 

Gutta percha, when heated, changes the physical characteristics of not 

more than 4 to 5mm [19]. The gutta percha molding temperature without 

affecting its molecular transformation for compaction was found to be in the 

range of 40-60C [20-22]. It has been shown that heating and compacting gutta 

percha two times at 3mm from the apex can mold the gutta percha 

completely [20]. 

The gutta percha undergoes decomposition when the temperature was 

raised to 100C and heating to 130C causes chemical changes affecting its 

physical properties [19]. 

External root surface and supporting structures 

The thermosoftening of gutta percha can leads to temperature rise on the 

root surfaces. It has been reported that the temperature elevations of 10C 

above body temperature of duration more than 1minute is sufficient in 

causing injury to the bone and supporting structures [23]. Most thermal 

damage to tooth supporting tissue from warm compaction technique appears 

to be confined and short lived as no reports of damage has yet been reported. 
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The root dentine acts as a thermal insulator and thicker the dentine 

structure, less heat will be transferred to external root surface. The gutta 

percha is considered as a poor thermal conductor of heat and transmits less 

heat. It limits heat conduction from the canal by absorbing the heat and 

prevents heat rise on the root surface [24]. In clinical environment, the 

temperature rise on the root surface is less because of the periodontal blood 

flow and wetness of the dentine from dentinal fluids [25].  

The amount of injected heated gutta percha plays an important role on 

the temperature rise on the root surface. When the gutta percha was heated to 

160C, the root surface temperature of maxillary central incisors resulted in 

increase of approximately 8.5C and the mandibular central incisors resulted 

in increase of 22.1C [26]. The temperature changes on the outer root surfaces 

in teeth with thin dentinal walls can show high values than the key values of 

causing injury to supporting structures. The temperature rise was higher in 

middle and coronal third rather than the apical third.  

The heating time should be limited to 3seconds particularly in the area 

where the dentine thickness is less. When a plugger at 200C was activated 

for approx 3sec during compaction resulted in 9.9C temperature increase on 

periodontal ligament in the dangerous zone of the mesiobuccal root canal of 

mandibular first molar. When this plugger was activated for approximately 4 

seconds, the temperature increase was 11.9C [27]. 

2. Sealing ability 

 Root canal obturation seals the root canal system to prevent its invasion 

and/or growth of microorganisms. An appropriate coronal seal and a 

complete apical seal greatly enhances the success of endodontic treatments. 

The coronal leakage experimental model [28] of root canals filled by 

warm vertical compaction showed the sealing ability of these technique was 

comparable to cold lateral condensation [28]. The quality of endodontic 

sealing in the apical 4mm of narrow and curved canals [29] by measuring 

voids extension, voids maximum width, and dye penetration showed 

excellent adaptation of apical gutta percha to root canal walls and has shown 

least leakage over cold lateral condensation techniques [30]. 

The sealing ability of obturation material can be assessed by 

 Bond strength to Dentin 

 Sealer penetration into dentinal tubules 
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Bond strength to dentin 

Gutta-percha does not have adhesive qualities and cannot provide a 

complete seal to the dentinal walls and results in poor sealing quality. 

Sealers are used as an adhesive to both the radicular dentin and the core 

filling for a hermetic seal. It fills the irregularities of the root canal system 

and resist disruption during tooth function. The increase adhesion of 

obturating material to the radicular dentin reinforce the restored tooth, 

provide a better resistance to root fracture31 and results in clinical longevity. 

Warm obturation techniques shown to effectively fill in canal 

irregularities, and form a thicker filling with less voids formation. The 

adhesion of endodontic sealer to root canal dentine found to be affected by 

the obturation technique. Warm vertical condensation technique produce 

greater bond strength of AH plus sealer to the intraradicular dentin [32]. The 

bond strength of total fill BC (Bioceramic) sealer was significantly higher 

than that of AH plus sealer [33]. The warm vertical compaction group of 

bioceramic group showed lower bond strength than cold lateral compaction 

group [33]. The push out bond strength of calcium silicate-based cements 

(MTA plus sealer and endosequence BC sealer) with thermoplasticized 

obturation technique was found to be lower when compared with single cone 

and cold lateral condensation (CLC) [34, 35]. 

 The thermoplasticized technique lowered the bond strength of the 

sealers especially endosequence BC sealer. This may be due to the chemical 

structure of bioceramic sealer (hydrated calcium silicate is composed of an 

inorganic matrix of calcium silicate hydrate enveloping unreacted silicate 

granules with water-filled microspaces in-between), when subject to heat 

application lead to water desorption, weight loss and microstructural changes 

in the cement. However, this water loss may be compensated by moisture 

from the root canal system during the setting reaction [33].  

Sealer penetration into dentinal tubules 

A closer approximation of gutta-percha to the canal wall and sealer 

penetration into the dentin would limit or restrict the invasion of 

microorganisms and their by-products responsible for periapical disease. The 

penetration of endodontic sealers into dentinal tubules is directly influenced 

by smear layer, physical and chemical properties of the sealer and root canal 

filling technique. 

When the root canal is filled, the compaction forces on the gutta-percha 

cones produce pressure on the canal walls resulting in more interlinkage of 

the sealer and the root dentin [36]. The vertical compaction techniques has 
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shown the highest penetration of sealer into the dentinal tubules [32]. The 

greater penetration were observed for the cervical and middle thirds than for 

the apical third. This could be due to the quantity and diameter of the 

dentinal tubules of the root canal wall [32]. 

The sealer penetration is primarily a function of dentinal tubules 

permeability and the properties of sealer used. The patent dentinal tubules 

and the sealer cements with sufficient flow, wetting and bonding potential 

should be able to penetrate and seal the canal. The frequency and depth of 

sealer penetration were unrelated to the obturation technique employed [37]. 

Sealer enhances the sealing ability but to prevent disruption during 

function the obturation should have more volume of the core material and 

less amount of sealer. No material can completely seal the root canal and that 

no obturation technique completely avoids the microfiltration of 

microorganisms. The warm vertical comdensation tech showed better sealing 

than lateral condensation. This may be due to the fact that thermoplasticized 

GP can easily reach the root canal irregularities and produces greater 

percentage of gutta percha in the canal. 

3. Stresses generated during warm vertical condensation technique 

It has been observed by many investigators that stresses generated from 

excessive pressure during obturation can lead to vertical root fracture [38]. 

Studies have shown that vertical root fracture occurs most commonly in the 

buccolingual direction of the tooth, may start at or between the apex and the 

crown and is a root cause for 4.3% of endodontic failures [39]. 

The stresses generated during warm vertical condensation technique has 

been investigated with different canal tapers and was found that the highest 

stresses were generated in the apical third of smallest taper canal during the 

insertion of first gutta percha increment. It was reported that root fracture 

originated at the apical third is likely to be initiated during filling and 

fracture originating at the cervical portion is likely caused by occlusal loads 
[39]. 

The tooth with certain defects such as internal resorption, root 

perforation which might weakens the tooth and its supporting structures. 

Such teeth when filled by warm vertical compaction forces can survive the 

impact without premature root fracture provided the obturation is performed 

skillfully (without undue application of force through the tip of the plugger 

to the canal wall) [40]. 
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It was observed that the force generated and the heat transmitted by 

heated plugger during obturation creates undue stresses in the root dentin, 

affecting the fracture resistance adversely [3]. The different obturation 

techniques significantly influenced the root strains in maxillary central 

incisors when strain gauges were mounted on the coronal and apical one 

thirds of the root surface. The obtura system generated the highest strains. It 

was noted that the mean load required to cause vertical root fracture was 

significantly higher than the load used in obturation [38]. 

The different taper canals having varying degree of curvature when 

subjected to vertical compaction obturation technique have shown different 

stress patterns [41]. There was no significant difference between the mean of 

fracture load of straight, moderate and severe curvature among the same 

group taper but 6% groups showed higher fracture resistance than 2% taper 

groups. Thus increasing the canal taper will decrease the internal stresses 

within the root canal. The forces generated during obturation in the root 

dentin can be minimized by plugger loading when kept within the safety 

range of compaction force.  

4. Treatment outcomes  

The objective of root canal obturation is to fill the root canal space and 

to seal the accessory canals between the main canal and the periodontium. 

The seal provides better prognosis for the tooth. A root canal filling should 

be well condensed, well adapted to canal walls, seal all canal irregularities 

and should terminate at the apical seat [42]. The treatment outcomes of 

obturation techniques can be assessed by clinical and radiographic success 
[45]. 

The clinical outcomes have been assessed from 

1. Postoperative pain prevalence [43, 44] 

2. Clinical success rate [45, 46] 

The clinical success was defined as functional and asymptomatic teeth 

after endodontic treatment. 

The radiographic success outcomes were evaluated with [45]  

1. The level of root canal filling in relation to the root apex 

2. In cases without apical lesions, cessation of occurrence of periapical 

radiolucencies 

3. In cases with apical lesions, reduction in size or complete resolution 

of periapical radiolucencies 
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The clinical studies add to the existing knowledge and provides 

pertinent recommendations. It has been shown that the maximum number of 

cases of chronic apical periodontitis develops at 1 year after filling [43]. The 

postoperative pain prevalence and long-term outcomes between the cold 

lateral condensation (CLC) and warm GP obturation [43] were studied in the 

meta-analysis of 9 out of 10 randomised clinical trial and found similar 

results between the two techniques. The postobturation pain after obturating 

with system B and obtura II in 60 patients shown no significant difference 

however the rate of pain was higher in obtura II than system B [44]. 

The healing rate of periapical lesion 24 months after treatment with 

WVC and CLC technique shown the decrease of lesions was from 44 to 15% 

in the CLC whereas in WVC obturation from 59 to 5%. A difference of 10% 

was seen between the two technique groups [42]. The clinical and 

radiographic outcomes of lateral condensation and WVC in 290 patients with 

preoperative periapical lesions with a follow up of five years shown a 

significantly higher success rate for WVC [45]. 

The root filling technique affects the treatment outcome and was found 

the cases filled with vertical compaction healed more (95%) than those filled 

with lateral condensation (85%) [46]. The effect of cold lateral condensation 

and obtura II condensation on the radiographic quality of obturation in molar 

teeth of 60 patients has shown similar results with postobturation voids and 

apical termination [47]. 

The overextension in the warm GP obturation group was more often 

noticed than with the CLC group [42, 43] Proper caution taken during working 

length determination, apical width preparation and while depositing warm 

GP can lead to reduction in overextension of warm GP. 

5. Various shapes of canals 

Oval shaped canals 

Oval-or ribbon-shaped canals may be seen in approximately 25% of 

teeth [48]. Because of the anatomy, oval shaped canals are difficult to clean 

and fill the root canal space. The prepared canal shows a central circular 

bulge with irregular shape [49]. The uninstrumented areas within the canals 

are often found. The nonuniform shape and poorly cleaned canal may impact 

the standards of root fillings. 

Studies has been done to evaluate the obturation technique in oval 

canals of mandibular incisor [49], mandibular premolar [50] and maxillary 

premolar [51] or artificially created canal [52]. The vertical compaction of 

warm gutta percha achieves a better quality of fill than cold lateral 

compaction of gutta-percha cones in oval canals [49]. The percentage of gutta 



 

Page | 85 

percha filled canal area was more appreciable in warm GP compaction than 

the cold GP compaction. The warm vertical compaction has significantly 

lower percentage volume range of voids than cold lateral [51]. 

The obturation of oval shaped canals is greatly demanding than the 

canals with round cross section. The vertical compaction of warm gutta 

percha shown superior results. The percentage of gutta percha area in an 

artificially created oval canals filled with gutta percha adopting continuous 

wave technique together with various plugger temperature setting and 

penetration depth was estimated and was found that it was affected by 

penetration depth of the plugger not the plugger temperature [52]. 

Lateral canals 

Numerous studies have shown that substantial proportion of lateral 

canals are found in apical thirds of the root [53]. The ability of root canal 

filling material to fill and seal the root canal system is important for the 

success of endodontic treatment. Various branching of the root canal system 

have a narrow orifices which measures from 50 to 150 µm [54]. The smaller 

width together with their site within the root canal system poses inherent 

challenges in filling these branched canals. 

Various studies [55, 56] have been done to evaluate the obturation 

techniques best suited for filling of lateral canals. The simulated lateral 

canals were created on the root surface by means of #15K files and were 

filled with different obturation technique and were subjected to three 

dimensional internal visualization of filling or to radiographic analysis. 

Warm compaction of filling materials has demonstrated its ability to seal 

lateral canals [55, 56]. Continuous wave of Condensation technique has 

manifested exceeding large amount of filled lateral canals. The coronal third 

of the canal produced many filled lateral canals than the remaining thirds [55]. 

The vertical compaction of warm gutta-percha filled the lateral canals more 

successfully than the lateral compaction of gutta percha [56]. 

Immature teeth 

 The filling of teeth with immature apical formation presents challenges 

to the clinician. This is because the immature teeth have large open apices 

and have dentinal walls which are deviant and fragile. These walls if not 

treated properly may fracture during or after endodontic treatment. Such 

teeth were managed earlier by extended use of calcium hydroxide in the root 

canal space for apical hard-tissue blockade. With the development of 

bioceramic materials (MTA and biodentine) one-step insertion of bioceramic 

barrier in the apical one-third of the root canal and thermoplasticized gutta-

percha filling of the remaining canal space is now widely used [57]. 
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The variations of temperature on the external root surface of artificially 

reproduced immature teeth obturation using high heat thermoplasticized 

technique was contemplated and has shown that the insertion of 

thermoplastic gutta in the canal resulted in increase in temperature within a 

few seconds. Caution must be exercised while using high-temperature 

obturation methods in roots with thin dentinal walls [58]. 

References 

1. Ruddle CJ. Filling root canals the calamus 3D obturation technique. 

Dentistry today, 2010, 1-7. 

2. Tronstad L. In chapter Root canal obturation with gutta percha points 

Page 192-3 of book clinical endodontics, Thieme publication second 

revised edition, 2002. 

3. Walmsley D et al. In chapter Management of Pulp and periradicular 

diseases section root canal obturation in book Restorative dentistry 

Elsevier publication second edition, 2007, 79. 

4. Buchanan S. The continuous wave of obturation technique, Part 1: 

concept and tools Dentistry today, 2017. 

5. Nahimas Y, Mah T, Dovg JS. Endodontics: The thermo hydraulic 

condensation technique. Oral health, 2001. 

6. Instruction guidelines for Touch n Heat system Model 5004 (Sybron- 

Endo). 

7. Buchanan LS. Filling root canal system with centered condensation. 

Dentistry Today. 2004; 23(11):102. 

8. Ruchi Gupta et al. Book Concise conservative Dentistry & endodontics 

in chapter obturation of prepared canals Elsevier publications, 2019, 

703-4. 

9. Vakani A, Tudares M, Haddix J, Vertucci F. Apical dye penetration of 

different downpack lengths of system B obturation. J Dent Res. 2001; 

80:541. 

10. Diemer F, Sinan A, Calas P. Penetration depth of warm vertical Gutta-

Percha pluggers: impact of apical preparation. J Endod. 2006; 

32(2):123-126. 

11. Venturi M, Pasquantonio G, Falconi M, Breschi L. Temperature change 

within gutta-percha induced by the System-B Heat Source. Int Endod 

J. 2002; 9:740-6. 



 

Page | 87 

12. Viapiana R, Baluci CA, Tanomaru-Filho M, Camilleri J. Investigation 

of chemical changes in sealers during application of the warm vertical 

compaction technique. Int Endod J. 2015; 48(1):16-27. 

13. Viapiana R, Guerreiro-Tanomaru JM, Tanomaru-Filho M, Camilleri J. 

Investigation of the effect of sealer use on the heat generated at the 

external root surface during root canal obturation using warm vertical 

compaction technique with system heat source Jendod. 2014; 40(4):555-

61. 

14. Donnermeyer D, Urban K, Burklein S, Sch € afer E. € Physico-chemical 

investigation of endodontic sealers exposed to simulated intracanal heat 

application: epoxy resins and zinc oxide-eugenols. International 

Endodontic Journal. 2020; 53:690-697. 

15. Viapiana R, Baluci CA, Tanomaru-Filho M, Camilleri J. Investigation 

of chemical changes in sealers during application of the warm vertical 

compaction technique. Int Endod J. 2015; 48:16-27. 

16. Camilleri J. Sealers and warm gutta percha techniques JOE. 2015; 

41(1):72-78. 

17. Keles A, Ahmetoglu F, Simsek N et al. Heat conductive properties of 

set root canal sealers. Acta Odontol. Scand. 2013; 71:751-755. 

18. Qu W, Bai W, Liang YH, Gao XJ. Influence of warm vertical 

compaction technique on physical properties of root canal sealers 

Jendod. 2016; 42(12):1829-33. 

19. Schilder H, Goodman A, Aldrich W. The Thermomechanical properties 

of gutta-percha. A thermic profile of warm gutta-percha packing 

procedure. Part IV. Oral Surg Oral Med Oral Pathol. 1981; 51:544-51. 

20. Chen C, Shen Y, Hsieh S. The investigation of gutta-percha temperature 

and compaction force change when using the vertical compaction of 

warm gutta-percha technique, Journal of Polymer Engineering. 

2014; 34(3):219-223. 

21. Cohen BD, Combe ED, Lilley JD. Effect of thermal placement 

techniques on some physical properties of gutta-percha. Int Endod J. 

1992; 25(6):292-296. doi:10.1111/j.1365-2591.1992.tb00759.x 

22. Maniglia-Ferreira C, Gurgel-Filho ED, Silva Jr JBA, Paula RCM. 

Brazilian gutta-percha points. Part II: thermal properties Brazilian oral 

research. 2007; 21(1):29-34. 



 

Page | 88 

23. Saunders EM. In vivo findings associated with heat generation during 

thermomechanical compaction of gutta percha. Part II. Histological 

response to temperature elevation on the external surface of the root. Int 

Endod J. 1990; 23:268-74. 

24. Chauhan A, Nilker V, Mandke LP. Effect of Temperature Rise on 

Periodontal Tissue During Endodontic Treatment: An in vitro Study 

Indian Journal of Oral Health and Research. 2015; 1(2):66-71. 

25. Hardie EM. Heat transmission to the outer surface of the tooth during 

the thermomechanical compaction technique of root canal obturation. 

Int Endod J. 1986; 19:73-7. 

26. Lipski M. Root surface temperature rises during root canal obturation, in 

vitro, by the continuous wave of condensation technique using System B 

Heat Source. Oral Surg Oral Med Oral Pathol Oral Radiol. Endod. 2005; 

99(4):505-10. 

27. Zhou X, Chen Y, Wei X, Liu L, Zhang F, Shi Y et al. Heat transfers to 

periodontal tissues and gutta-percha during thermoplasticized root canal 

obturation in a finite element analysis model. Oral Surg Oral Med Oral 

Pathol Oral Radiol Endod. 2010; 110(2):257-63. 

28. Aminsobhani M, Ghorbanzadeh A, Bolhari B et al. Coronal 

microleakage in root canals obturated with lateral compaction, warm 

vertical compaction and gutta flow system. Iran Endod J. 2010; 5(2):83-

87. 

29. Venturi M, Breschi L. Evaluation of apical filling after warm vertical 

gutta-percha compaction using different procedures. J Endod. 2004; 

30(6):436-440. 

30. Lokhande PR, Balaguru S, Dayalan D. A Comparative Mircoleakage 

Assessment in Root Canals Obturated by Three Obturation Techniques 

using Fluid Filtration System. Biomed Pharmacol J, 2019, 12(2). 

31. Orstavik D, Eriksen HM, Beyer-Olsen EM. Adhesive properties and 

leakage of root canal sealers in vitro. Int Endod J. 1983; 16(2):59-63. 

32. Macedo LMD, Silva-Sousa Y, Silva SRC, Baratto SSP, Baratto-Filho F, 

Rached-Júnior FJA. Influence of Root Canal Filling Techniques on 

Sealer Penetration and Bond Strength to Dentin Brazilian Dental 

Journal. 2017; 28(3):380-384. 

33. Ahmad S Al-Hiyasat, Suha A Alfirjani. The effect of obturation 

techniques on the push-out bond strength of a premixed bioceramic root 

canal sealer J Dent. 2019; 89:103-169. 



 

Page | 89 

34. Dabaj P, Kalender A, Unverdi Eldeniz A. Push-Out Bond Strength and 

SEM Evaluation in Roots Filled with Two Different Techniques Using 

New and Conventional Sealers. Materials (Basel). 2018; 11(9):16-20. 

35. Delong C, He J, Woodmansey KF. The effect of obturation technique on 

the push-out bond strength of calcium silicate sealers. J Endod. 2015; 

41:385-388. Doi: 10.1016/j.joen.2014.11.002 

36. Hatton JF, Ferrillo PJ, Wagner G, Stewart P. The effect of condensation 

pressure on the apical seal. J Endod. 1988; 14:305-308. 

37. Weis MV, Parashos P, Messer HH. Effect of obturation technique on 

sealer cement thickness and dentinal tubule penetration. Int Endod J. 

2004; 37(10):653-663. 

38. Saw LH, Messer HH. Root strains associated with different obturation 

techniques. J Endod. 1995; 21(6):314-320. 

39. Rundquist BD, Versluis A. How does canal taper affect root stresses? 

Int Endod J. 2006; 39(3):226-237. 

40. Grace M. Stresses under warm vertical compaction. Br Dent J. 1999; 

187:28. 

41. Sanad E, Eid G, El-Far H. The influence of root canal taper and 

curvature on the stresses generated during vertical compaction 

obturation technique. Egyptian Dental Journal. 2016; 62(1(2)):399-404. 

42. Michanowicz AE, Michanowicz JP, Michanowicz AM, Czonstkowsky 

M, Zullo TP. Clinical evaluation of low-temperature thermoplasticized 

injectable gutta-percha: a preliminary report. J Endod. 1989; 15:602-7. 

43. Peng L, Ye L, Tan H, Zhou X. Outcome of root canal obturation by 

warm gutta-percha versus cold lateral condensation: a meta-analysis. J 

Endod. 2007; 33(2):106-109. 

44. Sahito N, Dal AQ, Qureshi A. A clinical study of the Post-Operative 

Pain after Root Canal Obturation with Obtura-Ii & System-B, Warm 

Gutta-Percha Techniques. The Journal of American Science. 2014; 

10(10):11-14. 

45. Aqrabawi JA. Outcome of endodontic treatment of teeth filled using 

lateral condensation versus vertical compaction (Schilder's technique). J 

Contemp Dent Pract. 2006; 7(1):17-24. 

46. Farzaneh M, Abitbol S, Lawrence HP et al. Treatment outcome in 

endodontics: the Toronto Study. Phase II: Initial treatment. J Endodon. 

2004; 30:302-9. 



 

Page | 90 

47. Ansari BB, Umer F, Khan FR. A clinical trial of cold lateral compaction 

with Obtura II technique in root canal obturation. J Conserv Dent. 2012; 

15:156-6. 

48. Wu MK, R’oris A, Barkis D, Wesselink PR. Prevalence and extent of 

long oval canals in the apical third. Oral Surg Oral Med Oral Pathol Oral 

Radiol Endod. 2000; 89:739-743. 

49. A comparison of techniques for obturating oval shaped root canals Dent 

mater J. 2009; 28(3):290-294. 

50. Wu MK, Kast'áková A, Wesselink PR. Quality of cold and warm gutta-

percha fillings in oval canals in mandibular premolars. Int Endod J. 

2001; 34(6):485-491. 

51. Keleş A, Alcin H, Kamalak A, Versiani MA. Micro-CT evaluation of 

root filling quality in oval-shaped canals. Int Endod J. 2014; 

47(12):1177-1184. doi:10.1111/iej.12269 

52. Jung IY, Lee SB, Kim ES, Lee CY, Lee SJ. Effect of different 

temperatures and penetration depths of a System B plugger in the filling 

of artificially created oval canals. Oral Surgery, Oral Medicine, Oral 

Pathology, Oral Radiology, and Endodontics. 

53. De Deus QD. Frequency, location, and direction of lateral, secondary, 

and accessory canals. J Endodon. 1975; 1:361-5. 

54. Venturi M, Di Lenarda R, Prati C, Breschi L. An in vitro model to 

investigate filling of lateral canals. J Endod. 2005; 31(12):877-81. 

55. Carvalho-Sousa B, Almeida-Gomes F, Carvalho PR, Manı´glia Ferreira 

C, Gurgel-Filho ED, Albuquerque DS. Filling lateral canals: evaluation 

of different filling techniques. European Journal of Dentistry 4, 2010, 

251-6. 

56. Goldberg F, Artaza LP, De Silvio A. Effectiveness of different 

obturation techniques in the filling of simulated lateral canals. J Endod. 

2001; 27(5):362-364. 

57. Bakland LK, Andreasen JO. Will mineral trioxide aggregate replace 

calcium hydroxide in treating pulpal and periodontal healing 

complications subsequent to dental trauma? A review. Dent Traumatol. 

2012; 28:25-32 

58. Singla Mamta, Aggarwal Vivek, Sinha Neha. External root surface 

temperature changes during high-temperature injectable 

thermoplasticized root canal obturation in simulated immature teeth. 

2020; 10(1):51-55. 



 

Page | 91 

Chapter - 6 

Implant Maintenance 

 

 

 

Authors 

Dr. Karishma Mohanani 

Post Graduate Student, Department of Prosthodontics, 

Sharavathi dental College and Hospital, Shimoga, Karnataka, 

India 

Dr. Hema K 

Reader, Department of Prosthodontics, KAHERs, KLE 

Institute of Dental Sciences, Belgaum, Karnataka, India 

Dr. Abhilash A 

Professor, Department of Prosthodontics, Sharavathi Dental 

College and Hospital, Shimoga, Karnataka, India 

Dr. Girdhar Kamath 

Professor & HOD, Department of Prosthodontics, Sharavathi 

Dental College and Hospital, Shimoga, Karnataka, India 

Dr. Srinidhi 

Professor & HOD, Department of Prosthodontology, 

Sharavathi dental College and Hospital, Shimoga, Karnataka, 

India 

Dr. Bharthi 

Reader, Department of Prosthodontology, Sharavathi Dental 

College and Hospital, Shimoga, Karnataka, India 



 

Page | 92 



 

Page | 93 

 

Chapter - 6 

Implant Maintenance 

Dr. Karishma Mohanani, Dr. Hema K, Dr. Abhilash A, Dr. Giridhar Kamath, 

Dr. Srinidhi and Dr. Bharthi 

 

 

Abstract 

Restoration of missing dentition with implants is currently the gold 

standard treatment. But, mere placement of the implant and its prosthetic 

rehabilitation does not ensure success in the long run. Maintenance of the 

osseointegrated implant and the prosthesis placed, does. Implant maintenance 

starts from the day of implant placement and continues throughout the life of 

the implant. It spans from meticulous assessment of the peri-implant tissues 

to instrumentation and most importantly implant home care carried out by the 

patient. This chapter discusses in detail about various aspects of implant 

maintenance.  

Keywords: implant maintenance regimen, peri-implant instrumentation, 

implant home-care 

Introduction 

Implant maintenance has evolved over decades from various supportive 

therapies to evidence-based protocols.  

The peri-implant tissue system is similar yet different than our 

conventional periodontium surrounding the tooth. Tissues surrounding our 

tooth, i.e. periodontium are characterized by four types of tissues: periodontal 

ligament, cementum, alveolar bone, and gingiva. Whereas, tissue surrounding 

dental implants, known as peri-implant tissues are composed of implant 

supporting alveolar bone & surrounding mucosa (peri-implant mucosa) with 

absence of intercalated tissues between implant surface and bone, equivalent 

to periodontal ligament and cementum as in natural teeth. 

Need for implant maintenance 

Despite the anatomical differences in supporting tissues, inflammation 

finds its way around dental implants just like natural teeth. Analogous to 

gingivitis and periodontitis affecting natural teeth, inflammation and 
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pathology of soft and hard peri-implant tissues is termed as peri-implant 

mucositis and peri-implantitis.  

Peri-implant mucositis is a reversible condition characterised by peri- 
implant gingival inflammation without bone loss or loss of attachment. 

Clinically, bleeding on peri-implant probing may be present without 

suppuration. If peri-mucositis is not treated, it may progress to peri-implantitis 

which includes loss of bone and possible loss of osseointegration as well. 

Clinically, we may have mucosal swelling, deep probing depths, presence of 

pockets, suppuration, gingival recession accompanied by bone loss and, in 

extreme cases, implant mobility may be present. 

Poor oral hygiene maintenance, among others (table 1) has been attributed 

as a major cause of peri-implant diseases. Poor oral hygiene maintenance leads 

to formation of biofilm, which contain microflora nearly identical to that 

found on adjacent teeth [1]. Natural teeth possess transseptal or dentogingival 

fibres (Sharpey’s fibres) that insert into cementum and tend to form a seal 

against bacteria. These fibres are absent in implants and the fibres that exist 

are largely circumferential in nature causing implants to be susceptible to 

microbial invasion. 

 Laxity in implant maintenance by the patient, dentist or both can lead to 

such inflammatory conditions, eventually implant loss and treatment failure. 

(standby) Thus, thorough patient instructions and optimum recall and 

maintenance protocol is advised.  

Table 1: Etiology of peri-implant diseases 

 Poor oral hygiene causing accumulation of plaque and calculus 

 Poor compliance with supportive procedures 

 Poor prosthetic design 

 Retained cement 

 Unfavourable occlusal stress 
 

Implant maintenance  

After successful implant placement and restoration, the longevity of the 

implant depends highly on the maintenance protocol followed. There is no 

definitive maintenance protocol advised for dental implants, instead, a suitable 

protocol tailored to the clinical situation is followed. Maintenance protocol is 

devised in accordance to the type of restoration, patients oral and systemic 

health, and past dental history. 

Prior to maintenance the clinician should review the patients’ medical, 

social and dental history. Any changes to patient history like diabetes, 



 

Page | 95 

smoking or occlusal interferences which can make the patient more 

susceptible to peri-implant diseases should be recorded and reviewed.  

Alani et al. [2] suggest a 10 point inspection at recall and maintenance 

appointments (Table 2). 

Table 2: Ten point inspection 

1.Plaque and calculus assessment 

Presence or absence of plaque, calculus or cement should be noted. Oral hygiene 

should be reinforced at this stage. 

2. Probing 

The implant should be probed at the same four points and angulations as the initial 

readings post restoration. If there has been an increase in probing then this may signify 

peri-implant mucositis or peri-implantitis. 

3. Bleeding or suppuration 

A positive finding of bleeding indicates inflammation with or without bone loss. 

Suppuration may mean the presence of advanced peri-implantitis. Pressing the 

gingival margin may be better to detect suppuration over probing. 

4. Recession 

The presence of progressing recession may ether be a sign of progressive soft tissue 

changes or associated with mucositis or peri-implantitis. 

5. Mobility 

Any mobility with an implant must be investigated. This suggests either a restorative 

complication (loose abutment or screw) or complete loss of integration. 

6. Occlusion 

The occlusion of the implant should be kept light enough to allow three layers of 

shimstock to pass through with the patient in maximum intercuspation as well as in 

lateral excursions. Any faceting should be investigated. 

7. Contacts 

This should be assessed with floss. A definitive contact point is ideal. A loose or open 

contact may lead to food impaction which subsequently causes biofilm development 

on the implant or adjacent tooth. 

8. Percussion sensitivity 

A positive finding may be indicative of a biological or restorative complication. 

9. Radiographic assessment 

If findings from points 1-8 show the possibility of clinical changes relating to a peri-

implant infection then a radiograph should be taken. This should be compared to 

previous radiographs to assess bone levels. 

10. Instrumentation 

This is performed supra-gingivally with a prophy cup and prophy paste. Sub-

gingivally a titanium scaler can be used to dislodge any plaque, calculus or cement. A 

glycine-based air polishing powder can also be used to decontaminate subgingivally, 

as well as threads of exposed implants. A cotton pledget soaked in Chlorhexidine to 

swab the area may be utilised as the final step. 
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Plaque and calculus assessment 

Implants placed in the oral cavity represent artificial surfaces colonized 

by bacteria from saliva and ecologic niches such as periodontal pockets, 

tonsils, and crypts of the tongue. These bacterial colonization if left un-

monitored and un-treated can lead to peri-implant inflammation. Thus, amount 

of plaque around implants and appearance of mucosal tissues should be 

evaluated and documented. Various indices can be used to record plaque and 

gingival status at every appointment. Mombelli and co-workers [3] modified 

the original Plaque Index introduced by Silness and Löe to assess biofilm 

formation in the marginal area around implants (Table 3). Lindquist and 

colleagues [4] (Table 4) have provided implant specific plaque index as well. 

Rougher implant and/or abutment surfaces have shown to accumulate higher 

amount of plaque as compared to smooth surfaces. ASPE and colleagues [5] 

have proposed an index to assess mucosal condition around dental implants. 

(Table 5) Rightly said by Humphrey, Consistent utilization of the selected 

index is more important than the choice of index [6].  

Table 3: Assessment of plaque accumulation with modified Plaque index (mPlI) by 

Mombelli [3] 

Score 0 No detection of plaque 

Score 1 
Plaque only recognized by running a probe across the smooth marginal 

surface of the implant 

Score 2 Plaque which can be seen by the naked eye 

Score 3 Abundance of soft matter 
 

Table 4: Assessment of plaque accumulation around Implants by Lindquist [4] 

Score 0 No visible plaque 

Score 1 Local plaque accumulation (<25% of visible abutment area) 

Score 2 
General plaque accumulation greater than 25% (>25% of visible abutment 

area) 
 

Table 5: Mucosal assessment index around Implants by ASPE [5] 

Score 0 Normal mucosa 

Score 1 Minimal inflammation with color change and minor edema 

Score 2 Moderate inflammation with redness, edema and glazing 

Score 3 
Severe inflammation with redness, edema, ulceration and spontaneous 

bleeding without probing 
 

Probing 

Peri-implant probing should be performed to determine the location of 

base of a pocket relative to a known and documented fixed landmark on the 
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implant or its supra-structure. Post-restoration, an initial probing depth reading 

should be obtained to serve as baseline data for monitoring implant and peri-

implant tissue health. Probing around implants often tends to be more difficult 

than around teeth due to the need to navigate around the implant 

suprastructure. Where the restoration is bulky, reproducible probing depths 

may only be possible if the restoration is removed to assist direct visual 

examination. One suggestion has been to use plastic probes (TPS or WHO 

621) due to their superior flexibility and ability to navigate around the implant 

suprastructure [7]. Where access to implant is not compromised, use of a metal 

probe is recommended. A probing force of 0.25 NCM same as that of natural 

teeth is recommended. Probing should be performed along the long axis of the 

implant and not that of the restoration, at four points; two buccally and two 

palatally/lingually [8]. Successful implants generally have a probing depth of 3 

mm, whereas pockets of 5 mm or more serve as a protected environment for 

bacteria and can exhibit signs of peri-implantitis but is not a definitive 

indicator. 

Bleeding or suppuration  

Bleeding on probing represents an inflammatory response of tissues to the 

presence of a biofilm. Bleeding on probing alone is a poor indicator of 

presence of periodontal disease but, absence of bleeding on probing on 

successive maintenance visit is a good negative indicator of attachment loss. 

Momebelli and colleagues [3] have proposed modified sulcus bleeding index 

specific to implants. (Table 6) Suppuration can be detected by lightly pressing 

the marginal gingival against the implant surface. Present of suppuration 

serves as a strong evidence of presence of infection or peri-implant disease.  

Table 6: Modified Sulcus bleeding index (mBI) by Mombelli [3] 

Score 0 
No bleeding when a periodontal probe is passed along the mucosal 

margin adjacent to the implant 

Score 1 Isolated bleeding spots visible 

Score 2 Blood forms a confluent red line on mucosal margin 

Score 3 Heavy or profuse bleeding 
 

Mobility 

Unlike a tooth, for which mobility is not a primary factor for longevity, 

mobility is a primary determining factor for implant health. Rigid fixation is 

usually the first clinical criterion evaluated for a dental implant. The 

techniques to assess rigid fixation are similar to those used for natural tooth 

mobility. Two rigid instruments apply a labiolingual force of approximately 

500 g. The amplitude of tooth mobility may be rated from 0 to 4 on an implant 

mobility scale given by Misch [8] (Table 7). 
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If mobility exists, the aetiology should be ascertained, specifically if its 

due to screw loosening or implant failure. Mobility of the prosthesis without 

any evidence of pain is indicative of screw loosening. However, if pain 

persists when the prosthesis is moved in a buccolingual or apical direction, 

then its most likely due to implant failure [8]. 

Though the recording of implant mobility may be specific-but it is not a 

sensitive clinical parameter in detecting loss of osseointegration, this 

parameter more likely detects the final stage of osseo-disintegration and 

therefore, represents late implant loss. 

An electronic device (Periotest) has been recommended to monitor initial 

degrees of implant mobility, but the prognostic accuracy of Periotest value for 

the diagnosis of peri-implantitis and early signs of implant failure has been 

criticized because of the lack of resolution, poor sensitivity, and susceptibility 

to operator variables [9]. Recently, a non-invasive device based on the 

principles of resonance frequency analysis (RFA) has been developed to 

measure primary implant stability and to monitor implant stability over time. 

This method not only evaluates the stiffness of the bone-implant interface but 

also allows the detection of any increase or decrease in implant stability that 

otherwise could not be clinically perceived. 

Table 7: Clinical implant mobility scale by Misch [8] 

Scale 0 Absence of clinical mobility with 500 g in any direction 

Scale 1 Slight detectable horizontal movement 

Scale 2 Moderate visible horizontal mobility up to 0.5 mm 

Scale 3 Severe horizontal movement greater than 0.5 mm 

Scale 4 Visible moderate to severe horizontal and any visible vertical movement 
 

Occlusion 

Ideally, Implant protected occlusion should be present. Traumatic 

occlusion has shown to be a cause for peri-implant bone loss. Upon occlusion, 

natural teeth should contact before implant contact. During light contact, extra 

thin articulating paper should be easily pulled through the implant contact 

without any resistance. Whereas, during heavy contact, minimal resistance 

should be present. Any signs of occlusal disharmonies, such as premature 

contacts or interferences, should be identified and corrected to prevent 

occlusal overload which can in turn cause a host of problems, including 

loosening of abutment screws, implant failure and prosthetic failure. 

Radiographic assessment 

Radiographs should be taken once the restorations are definitively placed 

to provide a baseline for future reference and help to confirm optimal 
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restoration seating. Marginal bone changes during the first year of restoration 

maybe related to physiological bone remodelling and establishment of 

biologic width, and should not be confused with peri-implant disease.  

A radiograph only illustrates clearly the mesial and distal crestal levels of 

bone. However, early bone loss often occurs on the facial aspect of the 

implant. An absence of radiolucency around an implant does not mean bone 

is present at the interface, especially in the anterior mandible. As much as 40% 

decrease in density is necessary to produce a traditional radiographic 

difference in this region because of the dense cortical bone [10]. 

Radiographs have their limitations when interpreting a three-dimensional 

pathologic process. For example, interproximal bone levels may appear to be 

intact radiographically but clinically a significant peri-implantitis lesion can 

be present, especially on the buccal aspect. The radiopacity of implants when 

compared to teeth may reduce the sensitivity of radiographs when attempting 

to detect peri- implant problems. Conventional radiography yields a high 

proportion of false negative findings, i.e., it has low sensitivity in the detection 

of early pathologic and/or bone remodeling changes. Therefore, radiographic 

methods are confirmatory rather than exploratory and should only be 

considered in conjunction with assessment of the clinical parameters.  

Rensik [10] has suggested a comprehensive radiographic pre-operative, 

intra-operative and post-operative protocol. His post-operative protocol 

suggests, a peri-apical radiograph once annually for the first 3 years after 

implant prosthesis placement to monitor bone level. After 3 years, peri-apical 

radiograph every 2 years.  

Maintenance therapy 

Following evaluation of the implant and peri-implant tissue status, the 

decision of performing maintenance therapy around the implant and peri-

implant tissues should be undertaken. Mombelli [11] suggested a cumulative 

interceptive supportive therapy (CIST) for instrumentation protocol based on 

plaque index, Bleeding on probing and bone loss. (Chart 1) It is based on 

periodic monitoring with implementation of treatment as thresholds for a 

particular condition are met. The first step is protocol (A), then (B) and, if 

conditions continue to worsen, the patient may require more advanced 

treatment, i.e. execution of protocol (C), and finally (D). To control 

inflammation in peri- implant mucositis, that is, implants with minimal 

increase in pocket depth, slight (+) bleeding on probing, marginal erythema, 

plaque, and/or calculus, Protocol (A) is implemented.  

The endpoint of the therapy is resolution of inflammation with careful 

mechanical debridement, swabbing with 0.12% chlorhexidine twice daily, and 



 

Page | 100 

a review of home care and patient motivation. Protocol (B) is carried out for 

conditions that exhibit features similar to mucositis but with deeper pocket 

depths (4-5 mm) but without loss of supporting bone. 

Protocol (C) consists of a more intensive approach and is used in 

conditions where there is radiographic evidence of osseointegrated bone loss 

of <2 mm and probing pocket depths >5 mm. The strategy should comprise a 

combination of the modalities for protocols (A) and (B) with the addition of 

systemic antibiotic therapy. 

In cases of frank peri-implantitis that reveal probing depths (>5 mm), (+) 

bleeding on probing, plaque/calculus, and peri- implant bone loss of >2 mm, 

Protocol (D) is initiated along with the other three protocols. 

In 2004, Lang et al. [12] modified the CIST protocol and called it the 

AKUT protocol. (Table 8) The basis of this concept is a regular recall of the 

implanted patient and repeated assessment of plaque, bleeding, suppuration, 

pockets, and radiological evidence of bone loss. 

 

Chart 1: CIST protocol by Mombelli [12] 

Table 8: AKUT protocol by Lang [12] 

Stage Result Therapy 

 
Pocket depth (PD) < 3 mm, no plaque 

or bleeding 
No therapy 

A 
PD < 3 mm, plaque and/or bleeding 

on probing 

Mechanically cleaning, polishing, oral 

hygienic instructions 

B 

PD 4-5 mm, radiologically no bone 

loss 

Mechanically cleaning, polishing, oral 

hygienic instructions plus local anti-

infective therapy (e.g. CHX) 

C 
PD > 5mm, radiologically bone loss 

<2mm 

Mechanically cleaning, polishing, 

microbiological test, local and systemic 
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anti-infective therapy 

D 
PD > 5 mm, radiologically bone loss 

> 2 mm 

Resective or regenerative surgery 

 

Instrument selection 

Rendering the implant surface free of plaque, debris and eradication of 

pathogenic microbes around the implant surface and in the peri-implant 

tissues, is the aim of instrumentation. But, if our instruments end up creating 

micro-scratches on the implant or abutment surface thereby creating niches 

for biofilm adherence would lead to a diametrically opposite effect. Materials 

like stainless steel which are harder than Titanium, scratch the titanium 

surface. Thus, the material of the instrument used plays a major role. For 

mechanical debridement, Scalers and curettes or ultrasonic scalers can be 

used. Ultrasonic scalers are recommended to be used only when the stainless-

steel tip is covered with a protective sleeve. Mechanical debridement 

instruments are available in a variety of materials listed in Table 8. 

Table 8: Materials for Instrumentation 

Material of the instrument Merits and demerits 

Stainless steel 
Much harder than titanium alloy; not recommended as 

they may alter the surface 

Titanium coated curettes 
Recommended; similar hardness as that of titanium 

surface and will not scratch the surface. 

Carbon fiber 
Softer than implant surface; will not damage the 

implant surface; prone to fracture 

Teflon Will not scratch the surface of the implant 

Amorphous resin 

(Unfilled and filled resin) 

Softer than titanium; recommended 

Plastic 
Recommended; leaves residue around the implant 

surface which can be removed during resective 
 

Instrumentation 

To prevent trauma to the delicate peri-implant sulcus, instrumentation 

should be carried out using light pressure and horizontal, oblique, or vertical 

short working strokes. Upon insertion of the instrument, the blade should be 

closed against the abutment and then opened past the deposit, engaging it 

apically with the stroke extending coronally. When instrumentation needs to 

be carried out subgingivally to remove calculus or excess cement, it should be 

carried out with light strokes in a semi-circular pattern. Prostheses can 

sometimes limit access of the scaler, and, in such cases, an ultrasonic or sonic 

scaler covered with a plastic sleeve can be used to remove deposits. The 
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nonporous titanium surface calculus that forms around implants tends to be 

softer than calculus adhering to a natural tooth and is mostly supragingival.  

Polishing 

Low-abrasive amino acid glycine powder has been shown to be an 

effective treatment for removing biofilm without damaging the implant 

surface or hard and soft tissues. This piezo instrument (Hu-Friedy, Chicago, 

Ill.) uses a special handpiece with a plastic tube nozzle with three orthogonally 

oriented holes. An air-powder mixture with reduced pressure is expelled 

through the nozzle, which prevents the formation of air emphysema 

complications. The nozzle is moved in a circumferential movement around the 

implant surface. The clinician should be careful to use the powder only in areas 

where access is available and a post-treatment rinse can remove any residue.  

Maintenance protocol 

U Bagger and colleagues [13] and Mombelli [14] suggest using Periodontal 

risk assessment tool by Lang & Tornetti [15] for deciding upon a maintenance 

interval. The tool help’s visualise a patients individual risk for disease 

recurrence using a spider‐ chart (Figure 1)-a graph showing 6 variables, 

potentially increasing the risk on axes, all starting from a single point in the 

middle. 

The variables are: 

 The percentage of bleeding on probing 

 The number of residual pockets > 4 mm 

 The number of lost teeth 

 Loss of periodontal support in relation to the patient's age 

 Systemic and genetic conditions 

 Environmental factors, such as cigarette smoking 

Data suggesting an effect on risk for disease recurrence have been 

presented for each of these criteria.
 
The area of the polygon formed by 

connecting the data values on each axis is assumed to represent the overall risk 

of a person to experience disease recurrence. The tool considers overall 

dentition along with the implants (and not implants individually) to determine 

the recall frequency, serving as a major drawback. 
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Fig 1: Periodontal risk assessment tool (Photograph courtesy; perio-tools.com) 

Home care instructions  

The patient must initiate the implant care regimen immediately after 

surgical placement with one-stage system, after exposure of the implant site 

in the two-stage system and upon premature exposure of the implant healing 

screw in the two-stage system. However, during healing periods, when 

mechanical plaque control is contraindicated, chemical agents (e.g., 

chlorhexidine) should be used. After every maintenance appointment, oral 

hygiene instructions should be re-enforced depending upon the oral hygiene 

status of the individual.  

Brushing 

Twice daily cleaning of implants to remove bacterial plaque 

accumulations should be accomplished using a soft toothbrush or a very gentle 

power brush. The modified Bass technique should be used or a short, 

horizontal, back-and-forth movement may be incorporated into the hygiene 

regimen. The brush should be held at a 45-degree angle to the gingival tissue. 

Studies have shown electromechanical brushes to be superior over manual 

brushes for implant maintenance.  

In difficult to access areas, small diameter toothbrushes like end tufted 

toothbrush or interdental brushes are recommended for use. A hollowed 

rubber cup may be used on the facial and lingual aspects of the implant and 

prosthesis. Interdental tooth brushes used should be plastic coated as metal 

may damage the implant surface. For an interdental brush, the tip should be 
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inserted tip interproximally in an occlusal direction and gentle rotary motion 

against the gingiva should be used. A low abrasive toothpaste is recommended 

to ensure no scratching of any exposed implant surface. Toothpastes 

containing 0.3% triclosan have been recommended in cases where 

inflammation is present. 

Floss 

Floss is ideally used interproximally when a splinted prosthesis is present. 

There are many types of floss on the market, and generally it is highly 

recommended to use unwaxed tape or implant-specific floss in order to protect 

the tissue surrounding the implant. Alternatively for a bar-retained prostheses, 

full fixed prostheses, or wider interproximal spaces, a floss threader or a 

specialized floss that has a built-in threader is necessary. It is difficult to 

manoeuvre the floss in cases of over-contoured prosthesis. It is imperative that 

the patient is instructed on the proper technique of flossing around dental 

implants. Improper or over-aggressive flossing may lead to tissue trauma and 

resultant peri-implant soft tissue lesions.  

Oral irrigator 

Oral irrigators like Air floss or waterpik may be beneficial in removing 

supra-gingival debris and in difficult to access areas. Oral irrigators should be 

advised to be used with a non-metal tip, once to twice daily in low to medium 

speeds to avoid damage to gingival tissues. In cases where inflammation is 

present, an antimicrobial like chlorhexidine can be suggested to be used as an 

irrigant. 

Anti-microbial rinses 

Owing to its substantivity, Chlorhexidine gluconate is the most 

recommended mouth rinse. Studies have shown that a 30-second rinse of 

chlorhexidine inhibits 90% of oral bacteria for more than 5 hours. 

Chlorhexidine or cetylpyridinium chloride may be locally applied with a 

cotton swab or may be used as a rinse twice daily. 

Conclusion  

The ongoing maintenance of dental implants is one of the most important 

factors for long-term health. Implant survival is a result of cumulative effort 

by the patient and the dental professional. As rightly mentioned by Mombelli 
[14], implant maintenance consists of 3 components, namely, Preventive 

measures taken by the patient, preventive procedures carried out by dental 

health-care professional and supportive periodontal therapy. (Fig 2). 
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Abstract 

Injury to the tissue initiates a cascade of events including inflammation, 

new tissue formation, and tissue remodelling, which finally leads to partial 

reconstruction of the wounded area. Wound healing involves an orderly 

sequence of events, which includes migration of specialized cells, 

angiogenesis and nerve sprouting occurring at the wound edge. Finally, a 

transition from granulation tissue to mature scar occurs, characterized by 

continued collagen synthesis and collagen catabolism. These processes at 

least in part are mediated by a series of low molecular weight polypeptides 

produced and released from the inflammatory cells, serum of injured blood 

vessels & from degranulating platelets and are referred to as Growth 

Factors. This chapter discusses about their role in wound healing. 

Keywords: growth factors, wound healing, PDGF, FGF, BMP, TGF-β 

Introduction 

Wound healing is characterized by an orchestrated cell proliferation, 

migration, adhesion and differentiation of into various tissues. The cells and 

their matrix synthesis are affected by a variety of polypeptide factors present 

in the local environment known as Growth Factors, which are derived from 

inflammatory cells, serum of injured blood vessels & from degranulating 

platelets during wound healing. Discussion of all the growth factors and their 

specific role in wound healing is beyond the scope of this chapter; however 

brief description of the following growth factors has been done: 

A. Platelet Derived Growth Factor (PDGF) Family 

B. Fibroblast Growth Factor (FGF) Family 

C. Epidermal Growth Factor (EGF) Family 

D. Vascular Endothelial Growth Factor (VEGF) Family 

E. Insulin like Growth Factor (IGF) 

F. Transforming Growth Factor-β  

G. Bone Morphogenic Proteins (BMP) 
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H. Granulocyte-Macrophage Colony Stimulating Factor (GM-CSF) 

A. Platelet Derived Growth Factor (PDGF) Family 

PDGFs comprise a family of homo or heterodimeric growth factors 

(PDGF-AA, PDGF-AB, PDGF-BB, PDGF-CC, and PDGF-DD) and they 

exert their functions by binding to three different transmembrane tyrosine 

kinase receptors, which are homo- or heterodimers of an α and a β-chain [1]. 

PDGF was the first growth factor shown to be chemotactic for cells 

migrating into the healing skin wound, such as neutrophils, monocytes, and 

fibroblasts. In addition, it enhances proliferation of fibroblasts and 

production of extracellular matrix by these cells. Finally, it stimulates 

fibroblasts to contract collagen matrices and induces the myofibroblast 

phenotype in these cells [1, 2]. Upon injury, PDGF is released in large 

amounts from degranulating platelets [3], and it is present in wound fluid, 

particularly early after injury [4]. Furthermore, expression of PDGFs and their 

receptors has been demonstrated in various cells of murine, pig, and human 

wounds using in situ hybridization and immunohistochemistry.  

The patterns of PDGF and PDGF receptor expression suggest a 

paracrine mechanism of action, since the ligands are predominantly 

expressed in the epidermis, whereas the receptors are found in the dermis 

and the granulation tissue. Interestingly, expression of PDGFs and their 

receptors was reduced in wounds of healing-impaired genetically diabetic 

mice and glucocorticoid treated mice [5, 6], indicating that a certain expression 

level of PDGFs and their receptors is essential for normal repair.  

On the other hand, augmented PDGF production might be involved in 

the pathogenesis of hypertrophic scars and keloids as suggested by the potent 

effect of PDGF on fibroblast proliferation and extracellular matrix 

production by these cells (see above), the presence of enhanced levels of this 

growth factor in hypertrophic scar tissue [7] and the increased responsiveness 

of keloid fibroblasts to PDGF [8].  

Based on its expression pattern in the healing wound and its known in 

vitro activities, PDGF has been suggested to have two major but distinct 

roles in wound repair: an early function to stimulate fibroblast proliferation 

and a later function to induce the myofibroblasts phenotype [2].  

B. Fibroblast Growth Factor (FGF) Family 

FGFs comprise a growing family of structurally related polypeptide 

growth factors, currently consisting of 18 members that are grouped into 6 

subfamilies based on differences in sequence homology and phylogeny [9]. 
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FGFRs (Fibroblast Growth Factor Receptors) belong to the family of RTKs 

(Receptor Tyrosine Kinases) that consist of an extracellular ligand-binding 

domain linked to an intracellular catalytic protein kinase core, via a single-

pass TM (Transmembrane) domain.  

Classically, FGFRs are activated when two FGF molecules (in concert 

with heparan sulfate proteoglycans) bind to the extracellular domains, 

facilitating receptor dimerization. Ligand-induced dimerization of FGFRs 

leads to a conformational shift in the receptor structure and release of kinase 

auto-inhibition. This results in a 50-100-fold increase in kinase activity of 

the receptor, and consequential signal transduction primarily through the 

MAPK (mitogen-activated protein kinase) pathway, but also acting via PI3K 

(phosphoinositide 3-kinase), PLCγ (phospholipase Cγ) and STATs (signal 

transducers and activators of transcription), that ultimately orchestrate key 

processes such as proliferation, growth, differentiation, migration and 

survival [10].  

Additional complexity is achieved by alternative splicing in the 

extracellular domains of FGFR1–3, which dramatically affects their ligand 

binding specificities. Most FGFs bind to a specific subset of FGF receptors. 

FGF1, however, binds to all known receptors, and FGF7 specifically 

interacts with a splice variant of FGFR2, designated FGFR2IIIb [11]. A 

characteristics feature of FGFs is their interaction with heparin or heparan 

sulfate proteoglycans, which stabilizes FGFs to thermal denaturation and 

proteolysis, and which strongly limits their diffusibility. Most importantly, 

the interaction with heparin or heparan sulphate proteoglycans is essential 

for the activation of the signalling receptors [12]. 

Most members of the FGF family have a broad mitogenic spectrum. 

They stimulate proliferation of various cells of mesodermal, ectodermal, and 

also endodermal origin. The only exception is FGF7 (Keratinocyte Growth 

Factor, KGF), which seems to be specific for epithelial cells, at least in the 

adult organism [93]. In addition to their mitogenic effects, FGFs also regulate 

migration and differentiation of their target cells, and some FGFs have been 

shown to be cytoprotective and to support cell survival under stress 

conditions [13]. Numerous in vivo effects of FGFs have been demonstrated, 

which suggest a role of these growth factors in wound repair. In particular, 

FGF1 and FGF2 were shown to stimulate angiogenesis in various assay 

systems [14]. Furthermore, FGFs are mitogenic for several cell types present 

at the wound site, including fibroblasts and keratinocytes. Thus FGFs are 

clear candidates for contributing to the wound healing response, and this 

hypothesis has been corroborated by a number of studies where local 
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application of FGF1, FGF2, FGF4, FGF7 or FGF10 stimulated tissue repair 
[13]. 

Some FGFs have been detected at the wound site, indicating that the 

endogenous proteins are also regulators of wound healing. FGF2 was found 

in human and porcine wound fluid, particularly at early stages after injury 
[15]. Using immunohistochemistry, FGF has been localized in injured adult 

mice skin but not in fetal wounds where FGF2 immunoreactivity was 

undetectable. It was suggested that this difference could explain at least in 

part the reduced amount of capillary formation seen in the foetal versus adult 

wounds [16]. In rat burn wounds, FGF2 immunoreactivity was detected in the 

regenerated epidermis, in a bandlike zone near the regenerated epidermis, in 

renewed capillaries, and in cells infiltrating in the granulation tissue [17]. 

In addition to FGF2, several studies have provided evidence for an 

important role of FGF7 and its receptor (FGFR2IIIb) in cutaneous wound 

repair. FGFR2IIIb is expressed in keratinocytes of the normal and wounded 

epidermis as well as in hair follicles of murine, porcine, and human wounds 
[18]. Impaired would healing was seen in aged mice, and this impairment was 

associated with reduced levels of FGF2 and with a reduced angiogenic 

response in the skin of these mice upon addition of FGF2 [19]. The strong 

upregulation of this FGF in fibroblasts and DETCs (γδ T Cell receptor-

bearing Dendritic Epidermal T - Cells) after skin injury and the expression of 

its receptor in keratinocytes suggested that FGF7 stimulates wound 

reepithelialisation in a paracrine manner.  

Guo et al. [20] used embryonic stem cell technology to generate mice 

lacking FGF7. Most surprisingly, the healing process of full-thickness 

incisional wounds was not obviously affected by the lack of FGF7, and the 

proliferation rate of the keratinocytes at the wound edge was not altered. 

These data demonstrate that incisional wounds can heal in the absence of 

FGF7. Although FGF7 might normally be the most important ligand of 

FGFR2IIIb in the skin, the lack of this gene could be compensated for by 

other known ligands of this receptor. More recent data suggest that FGF10 is 

the principal candidate for effecting this compensation, since it is also 

expressed in normal and wounded skin [21].  

The involvement of FGF signalling in human disease is well 

documented. Many studies have addressed the role of cell autonomous 

alterations of FGFR signalling pathways in cancer and many excellent 

reviews extensively cover the mutations and alterations of members of the 

FGFR subfamily of RTKs in human disease. Of the non-synonymous 
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mutations, FGF signalling was one of the most commonly mutated pathways 

with more than 1000 somatic mutations found in the coding exons of 518 

protein kinase genes from over 200 different cancers [22]. 

C. Epidermal Growth Factor (EGF) Family 

The Epidermal Growth Factor (EGF) family of mitogens comprises 

several members including EGF, Transforming Growth Factor-α (TGF-α), 

Heparin-Binding EGF (HB-EGF), Amphiregulin, Epiregulin, Betacellulin, 

Neuregulins, the recently discovered Epigen, as well as proteins encoded by 

Vaccinia virus and other poxviruses [23, 24, 25]. In addition, more distantly 

related proteins known as neuregulins (heregulins, neu differentiation 

factors, NDF 1-4) can also bind to some EGF receptor family members [25]. 

All these growth factors exert their functions by binding to four different 

high-affinity receptors.  

The epidermal growth factor receptor (EGFR) was the first receptor 

tyrosine kinase (RTK) to be discovered and it is a transmembrane receptor of 

the ErbB family. This family is comprises of four related receptors: the 

epidermal growth factor receptor itself (EGFR/ErbB1/HER1), ErbB2 

(HER2/neu), ErbB3 (HER3), and ErbB4 (HER4) [26]. These receptors trigger 

downstream signaling pathways that are not linear but consist of rich 

multilayered and cross-connected networks, which allow for horizontal 

interactions and permit multiple combinatorial responses. This may explain 

the variety of biological outcomes to activation of a specific receptor in a 

specific cell. Receptor activation leads to recruitment and phosphorylation of 

several intracellular substrates, which, in turn, engage mitogenic signaling 

and other tumor promoting activities. 

Upon ligand binding, these receptors form homo- or heterodimers [25]. 

Over expression of these receptors, in particular of HER2, is often found in 

human cancers and is likely to have a causative role in tumorigenesis. In 

addition, a series of experimental and clinical studies have demonstrated a 

positive effect of EGF, TGF-α and HB-EGF on wound repair, suggesting 

that the endogenous growth factors are also involved in the healing process 
[27]. 

Grotendorst et al. [28] detected EGF-like factors in wound fluid collected 

from rats. In addition, substantial levels of EGF and TGF-α were found in 

wound fluid from skin graft donor site wounds in patients with small to 

moderate sized burn injuries [29]. Several publications report on the presence 

of HB-EGF in wound fluid. Thus this growth factor was shown to be present 

at high levels in human burn wound fluid [30]. Because HB-EGF is mitogenic 
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for fibroblasts and keratinocytes, it was suggested to play an important role 

in re-epithelialization and granulation tissue formation. Interestingly, it was 

shown to act synergistically with insulin-like growth factor-I (IGF-I), 

another growth factor present in wound fluid, in stimulating keratinocytes 

proliferation in vitro [31].  

In a search for the cellular source of these EGFR ligands in wounds, 

Rappolee et al. [32] detected TGF-α mRNA in isolated wound macrophages. 

With the use of in situ hybridization and immunohistochemistry, this growth 

factor was also detected in eosinophils in a rabbit cutaneous open wound 

model and also in hamster wounds [33, 34]. In addition, epidermal 

keratinocytes at the wound edge as well as hair follicle epithelial cells were 

identified as a source of TGF-α in partial-thickness murine burn wounds, in 

particular during the phase of keratinocytes proliferation [35]. HB-EGF was 

localized in the advancing epithelial margin, islands of regenerating 

epithelium within human burn wounds, and in eccrine sweat glands [30]. 

 In addition to these correlative data, recent functional studies revealed 

an important role of EGFR ligands in wound repair. All EGFR ligands are 

synthesized as membrane-anchored forms, which are proteolytically 

processed to the bioactive soluble forms [36]. Interestingly, the 

transmembrane forms are also able to stimulate the growth of adjacent cells 

in a juxtacrine manner, indicating that both transmembrane and soluble 

forms might play a role in wound healing. However, processed HB-EGF was 

detected in wound fluid [37], suggesting that ligand shedding could play an 

important role in wound healing. These results indicate an important role of 

EGFR ligand shedding for keratinocyte migration in vitro and in vivo [38]. 

D. Vascular Endothelial Growth Factor (VEGF) Family 

Humans are complex multicellular organisms, and all cells require a 

dependable, finely controlled supply of oxygen. Therefore, a highly 

developed vascular system has evolved to ensure oxygen delivery to all the 

cells. The system needs to be maintained through angiogenesis, the process 

of new blood vessel development from pre-existing vasculature. This 

involves endothelial cell division, selective degradation of the basement 

membrane and the surrounding extracellular matrix, endothelial cell 

migration, and the formation of a tubular structure. Once blood vessels have 

been established, the endothelial cells undergo tissue-specific changes to 

generate functionally distinct vessels. Angiogenesis is subject to a complex 

control system with proangiogenic and antiangiogenic factors. In adults, 

angiogenesis is tightly controlled by this “angiogenic balance”, i.e., a 
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physiological balance between the stimulatory and inhibitory signals for 

blood vessel growth. In normal circumstances, the formation of new blood 

vessels occurs during wound healing, organ regeneration and in the female 

reproductive system during ovulation, menstruation, and the formation of the 

placenta. It is also an important factor in several pathological processes such 

as tumor growth, rheumatoid arthritis, diabetic retinopathy, and psoriasis. 

Vascular Endothelial Growth Factor (VEGF), also called vascular 

permeability factor, has emerged as the single most important regulator of 

blood vessel formation in health and disease. The VEGF family currently 

comprises seven members: VEGF-A, VEGF-B, VEGF-C, VEGF-D, VEGF-

E, VEGF-F, and PlGF (Placental Growth Factor). They exert their biological 

functions by binding to three different transmembrane tyrosine kinase 

receptors, designated VEGFR-1, VEGFR-2, and VEGFR-3 [39]. VEGF 

induces proliferation, sprouting, migration and tube formation of endothelial 

cells [40]. VEGF is also a potent survival factor for ECs during physiological 

and tumor angiogenesis and it has been shown to induce the expression of 

antiapoptotic proteins in the endothelial cells [41,42]. VEGF was originally 

described as a permeability factor, as it increases permeability of the 

endothelium through the formation of intercellular gaps, vesicovascular 

organelles, vacuoles and fenestrations [43]. VEGF also causes vasodilatation 

through the induction of the endothelial nitric oxide synthase (eNOS) and the 

subsequent increase in Nitric Oxide production [44, 45]. 

The biological functions of VEGF-A and its receptors VEGFR-1 and 

VEGFR-2 have been characterized in most detail. Based on a series of in 

vitro and in vivo studies, VEGF-A has been identified as a major regulator of 

vasculogenesis and angiogenesis during development [39], indicating that it 

might also be involved in the regulation of angiogenesis during wound 

healing. Besides angiogenesis, VEGF induces Haematopoietic Stem Cell 

mobilization from the bone marrow, monocyte chemoattraction, osteoblast-

mediated bone formation and neuronal protection [40, 46]. Furthermore, VEGF 

stimulates inflammatory cell recruitment and promotes the expression of 

proteases implicated in pericellular matrix degradation in angiogenesis [47]. 

VEGF-A is a 34- to 42-kDa, dimeric, disulfide-bound glycoprotein. In 

normal tissues, the highest levels of VEGF-A mRNA are found in adult lung, 

kidney, heart, and adrenal gland. Lower, but still readily detectable, 

quantities of VEGF-A transcript levels occur in liver, spleen, and gastric 

mucosa. VEGF-A exists in at least seven homodimeric isoforms. VEGF-B 

was discovered in 1995. It is abundantly expressed in the adult myocardium, 

skeletal muscle, and pancreas. In mouse embryonal tissues, high expression 
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is seen in the developing heart, brown fat, muscle (including the smooth 

muscle layer in embryonic arteries) and in the spinal cord. In adult tissues, 

VEGF-C is expressed most prominently in heart, placenta, ovary, small 

intestine, and the thyroid gland, whereas in embryonal tissue, expression 

occurs where lymphatic vessels undergo sprouting from embryonic veins, 

such as the paramesonephric, axillary, and jugular areas. VEGF-D is found 

in adult tissues, particularly lung, heart, skeletal muscle, colon, and small 

intestine. In embryonal tissues, it is abundant in the developing lung. VEGF-

E is an Orf virus-encoded VEGF (NZ-strains). The gene products have only 

19 to 25% amino acid identity with VEGF, have no apparent basic domain, 

and seem to be involved in the process of pathological angiogenesis in virus-

infected lesions. PlGF is predominantly expressed in the placenta, heart and 

lungs [48]. 

The important role of VEGF-A in wound healing was recently revealed 

in a study where application of neutralizing VEGF-A antibodies caused a 

striking reduction in wound angiogenesis, fluid accumulation, and 

granulation tissue formation in a pig wound model [49]. Furthermore, the 

angiogenic activity present in human wound fluid from later time points after 

injury was strongly inhibited by VEGF neutralization [50]. Expression of 

PLGF mRNA and protein was strongly upregulated in migrating 

keratinocytes of acute human skin wounds. Furthermore, endothelial cells of 

capillaries adjacent to the wound expressed PLGF [51]. A synergy between 

VEGF-A and PLGF was detected in these studies, indicating that the 

presence of both growth factors is important for normal wound angiogenesis. 

Besides the formation of new blood vessels, lymphangiogenesis occurs 

during the healing of skin wounds. Several groups have shown the formation 

of lymphatic vessels to be regulated via VEGFR-3 and its ligands VEGF-C 

and VEGF-D [52]. In a recent study using a pig wound model, VEGFR-3-

positive lymphatic vessels were found in the wound granulation tissue [53]. 

Taken together, members of the VEGF family are likely to be major 

regulators of angiogenesis and lymphangiogenesis not only during 

development but also during cutaneous wound repair. 

E. Insulin like Growth Factor (IGF) 

IGF-I and IGF-II are potent stimulators of mitogenesis and survival of 

many different cells types, and they exert their functions in an autocrine, 

paracrine, or endocrine manner. Their actions are mediated through the Type 

I IGF receptor, a tyrosine kinase that resembles the insulin receptor. In 

addition, IGF-II also binds to the IGF type II/mannose-6-phosphate receptor, 

which results in internalization and degradation of IGF-II [54]. The 
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availability of free IGF for interaction with the IGF-I receptor is modulated 

by six IGF-binding proteins (IGFBPs). In addition, IGFBPs have also been 

shown to have IGF independent effects on cell growth [55]. Several studies 

have revealed a beneficial effect of exogenous IGF-I on wound healing, in 

particular in combination with other growth factors [56]. In addition, 

liposome-mediated IGF-I gene transfer improved the pathophysiology of a 

thermal injury [57]. These findings suggested important activities of IGFs in 

the healing wound. 

Several study group demonstrated expression of IGF-I and IGF-II in 

wounds of different species. In a rat ear freeze-thaw injury model 

immunohistochemical expression of IGF-I was seen only a few cells in the 

dermis and epidermis. However, all epidermal cells as well as macrophages 

and some other inflammatory cells were positive within 1-3 days after 

wounding [58]. Gartner MH (1992) used an incisional wound model as well as 

a subcutaneous sponge implant model to determine expression of IGF-I and 

IGF-II in the wound and found that mRNA levels of both IGFs increased 

significantly after injury in both models [59]. Increased IGF-I mRNA levels 

but unaltered IGF-I receptor expression were observed in a rat wound model 

where steel wire mesh cylinders were implanted in the subcutaneous tissue 

of the back [60]. Finally, in situ hybridization studies on porcine wounds 

revealed expression of IGF-I, IGF-I receptor, and IGF-II receptor mRNAs in 

epithelial cells of normal and wounded skin. 

Several studies suggest a role of the IGF system in the wound healing 

abnormalities associated with diabetes and glucocorticoid treatment. One 

group found that streptozotocin-induced diabetes in rats caused a 42% 

reduction in wound fluid IGF-I levels [61]. Others analyzed the expression of 

IGF-I and IGF-II during wound healing in normal and genetically diabetic 

mice [62]. The normal induction of IGF-I mRNA expression was severely 

delayed and reduced in diabetic mice. Delayed induction was also seen for 

IGF-II, although peak concentrations of IGF-II mRNA were higher in 

diabetic compared with control mice. Consistent with the RNA data, a 

delayed appearance of the proteins was noted in diabetic animals. These 

findings are likely to be important for the pathogenesis of chronic human 

wounds, since IGF-I protein was absent in the basal layer of the epidermis 

and in fibroblasts of diabetic patients but not of healthy control patients. 

Furthermore, it was absent in the basal keratinocyte layer at the edge of 

human diabetic foot ulcers [63]. 

Taken together, these studies suggest that reduced expression of IGFs 

and/or their receptors leads to impaired wound healing. On the other hand, 
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enhanced expression of IGF-I might lead to excessive scarring as suggested 

by the observed overexpression of IGF-I in postburn hypertrophic scar tissue 

compared with control skin. Because IGF-I was shown to increase the 

expression of the pro α 1(I) chain of type I procollagen and the pro α 1 (III) 

chain of type III procollagen in cultured dermal fibroblasts, these findings 

indicate a causative role of elevated IGF-I levels in the pathogenesis of 

hypertrophic scars [64]. 

F. Transforming growth factor-β 

The TGF-β superfamily encompasses a diverse range of proteins, many 

of which play important roles during cell proliferation, differentiation and 

apoptosis, homeostasis, disease, and repair. In the early 1980s, it had become 

apparent that cell growth is controlled by many polypeptides and hormones. 

A new hypothesis of ‘autocrine secretion’ was postulated, which suggested 

that polypeptide growth factors are able to cause malignant transformation of 

cells. A new polypeptide called SGF (Sarcoma Growth Factor) was 

discovered in cultures of transformed rat kidney fibroblasts [65]. Soon it 

became apparent that this factor is a mixture of at least two substances with 

different functions. They were called Transforming Growth Factor-α (TGF-

α) and Transforming Growth Factor-β (TGF-β) [66]. TGF-β was further 

described by Roberts and Sporn as a secreted polypeptide capable of 

inducing fibroblast growth and collagen production [67]. Soon after its 

discovery, TGF-β was found to inhibit cell proliferation as well; thus, a dual 

role of this cytokine was recognized [68]. 

The TGF-β superfamily is composed of a large group of proteins, 

including the Activin/Inhibin family, Bone Morphogenetic Proteins (BMPs), 

Growth Differentiation Factors (GDFs), the TGF-β subfamily, and the Glial 

Cell Line Derived Neurotrophic Factor (GDNF) family. The TGF-β proteins 

have been discovered in a variety of species, including invertebrates as well 

as vertebrates. There are three known isoforms of TGF-β (TGF-β1, TGF-β2 

and TGF-β3) expressed in mammalian tissues; they contain highly conserved 

regions but diverge in several amino acid regions. All of them function 

through the same receptor signaling pathways [69].  

TGF-β1, the most abundant and ubiquitously expressed isoform, was 

cloned from human term placenta mRNA. In mouse development, Tgf-β1 

mRNA and/or protein have been localized in cartilage, endochondral and 

membrane bone and skin, suggesting a role in the growth and differentiation 

of these tissues [70]. TGF-β2 was first described in human glioblastoma cells. 

It was found that TGF-β2 is capable of suppressing interleukin- 2-dependent 
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growth of T lymphocytes. Thereby, it was named Glioblastoma-derived T 

cell Suppressor Factor (G-TsF). Physiologically, TGF-β2 is expressed by 

neurons and astroglial cells in embryonic nervous system [71]. It is also 

important in tumor growth enhancing cell proliferation in an autocrine way 

and/or reducing immune surveillance of tumor development [72]. The third 

isoform, TGF-β3, was isolated from a cDNA library of human 

rhabdomyosarcoma cell line; it shares 80% of amino acid sequence with 

TGF-β1 and TGF-β2. Studies on mice demonstrated essential function of 

Tgf- β3 in normal palate and lung morphogenesis and implicate this cytokine 

in epithelial-mesenchymal interaction [73, 74]. Its mRNA is present in lung 

adenocarcinoma and kidney carcinoma cell lines; interestingly, umbilical 

cord expresses very high level of TGF-β3 [75]. 

In most cells, three types of cell surface proteins mediate TGF-β 

signaling: TGF-β receptor I (TβRI), II (TβRII) and III (TβRIII). Out of these 

three receptors, TβRIII, also called betaglycan, is the largest (250-350 kD) 

and most abundant binding molecule. This cell-surface chondroitin 

sulfate/heparan sulfate proteoglycan is expressed on both fetal and adult 

tissues and most cell types. TβRI and TβRII mediate signal transduction. 

Both receptors are transmembrane serine/threonine kinases, which associate 

in a homo or heteromeric complex and act as tetramers.  

SMADs are intracellular proteins that transduce extracellular signals 

from transforming growth factor beta ligands to the nucleus where they 

activate downstream gene transcription [76]. TGF-β interacts with TGF-β 

receptors and its effects are mediated via SMAD dependent & SMAD 

independent pathways [77]. The SMAD proteins are the only known latent 

cytoplasmic transcription factors that become directly activated by serine 

phosphorylation at their cognate receptors. SMADs can be classified into 3 

groups based on their functions [78]:  

1. Receptor-Regulated SMADs (R-SMADS): SMAD1, SMAD2, 

SMAD3, SMAD5 and SMAD8. 

2. Common SMAD (Co-SMAD): SMAD4. 

3. Inhibitory SMADs (I-SMADs): SMAD6 and SMAD7. 

 Nearly 30 proteins have been identified as members of the TGF-beta 

superfamily in mammals, and can be classified based on whether they 

activate TGF-β-specific R-Smads (AR-Smads) or BMP-specific R-Smads 

(BR-Smads). R-Smads form complexes with Co-Smads and translocate into 

the nucleus, where they regulate the transcription of target genes. AR-Smads 

bind to various proteins, including transcription factors and transcriptional 
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co-activators or co-repressors, whereas BR-Smads interact with other 

proteins less efficiently than AR-Smads. I-SMADs function as intracellular 

antagonists of RSMADs. Through stable interactions with activated 

serine/threonine receptors, they inhibit TGF-β family signaling by 

preventing the activation of R-SMADs and Co-SMADs. Understanding the 

mechanisms of TGF-beta superfamily signalling is thus important for the 

development of new ways to treat various clinical diseases in which TGF-

beta superfamily signalling is involved [79]. 

Immediately after wounding, TGF-β1 is released in large amounts from 

platelets [80]. This initial kick-start of active TGF-β1 from platelets serves as 

a chemoattractant for neutrophils, macrophages, fibroblasts, and these cell 

types further enhance TGF-β1 levels in various cell types. As well as active 

forms, latent TGF-βs are also produced and sequestered within the wound 

matrix, allowing sustained release by proteolytic enzymes. This combination 

of different cellular sources and temporary storage ensures a continuous 

supply of TGF-β throughout the repair process [81]. Several publications have 

reported on the presence of TGF-βs in wound fluid of different species and 

expression of all three isoforms was detected in many different cell types 

during repair, with each isoform having a characteristic distribution in the 

wound tissue [82,83]. 

In most studies, a rapid induction of TGF-β1 and TGF-β2 was observed, 

in early stages of wound repair while an increase in TGF- β3 expression was 

seen at later stages [84]. On the basis of the expression pattern of TGF-βs and 

their receptors in the healing skin wound and of exogenous TGF-β, it has 

been suggested that the effect of TGF-β on reepithelialisation appears 

paradoxical. The inhibitory effect of TGF-β on keratinocyte proliferation 

after wounding in vitro and in vivo suggests TGF-β as a negative regulator of 

reepithelialisation [85]. On the other hand, it also induces the expression of 

integrins necessary for keratinocyte migration across the fibronectin-rich 

provisional wound matrix [86]. Complementary to these data are findings 

suggesting that aberrant expression of TGF-βs is associated with the wound 

healing defect seen in glucocorticoid-treated [87] and aged mice [88] as well as 

in diabetic rats [89]. 

Brown et al. [90] wounded transgenic mice deficient in TGF- β1 due to a 

targeted disruption of the tgf-β gene. These animals were wounded at day 10 

after birth. Full-thickness excisional wounds healed almost normally for the 

first few days in the TGF-β 1 deficient mice. However, histological analysis 

of the wounds at day 10 after injury revealed a thinner, less vascular 

granulation tissue in the knock-out mice, which was dominated by a marked 
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inflammatory cell infiltrate. Furthermore, decreased reepithelialization and 

collagen deposition were. Superficially, this suggests that other TGF-β 

isoforms or even different growth factors can compensate for the lack of 

TGF-β 1 in early wounds, but implies that TGF- β1 plays a crucial role later 

in the repair process. 

Several studies support an important role of TGF- βs in cutaneous 

scarring. Strong and persistent expression of TGF- βs and their receptors was 

detected in fibroblasts of human post burn hypertrophic scars [91] and over 

expression of TGF-β1 and TGF-β2 was found in keloid tissues and keloid 

derived fibroblasts [92]. Treatment of fetal wounds with different 

concentrations of TGF-β1 caused marked scarring of these wounds, 

demonstrating a direct involvement of TGF-β1 in cutaneous scarring [93]. In 

yet another study, topical application of a synthetic TGF-β antagonist 

reduced scarring in porcine burn and excisional wounds as well as in rabbit 

skin excisions [94]. 

Thus TGF-β signaling is complex and finely regulated fundamental 

pathway, which has an important role during human development and adult 

life. It is broadly intertwined with other signaling pathways. Moreover, it is 

involved in carcinogenesis of solid tumors as well as hematological 

malignancies. Paradoxically, TGF-β is both a tumor suppressor and tumor 

promoter. 

G. Bone Morphogenic Proteins (BMP) 

Bone morphogenetic proteins (BMPs) are multi-functional growth 

factors that belong to the transforming growth factor beta (TGF-β) 

superfamily. They were originally discovered by their ability to induce 

formation of bone and cartilage, but are now considered to constitute a group 

of pivotal morphogenetic signals, orchestrating tissue architecture 

throughout the body. The ability of BMPs to induce a cellular response 

resulting in new bone tissue formation was first observed and researched 

extensively by an orthopedic surgeon, Dr. Marshall Urist, Director, Bone 

Research Laboratory, University of California in 1965.  

BMPs play a role in the differentiation, proliferation, growth inhibition, 

and arrest of maturation of a wide variety of cells, depending on the cellular 

microenvironment and the interactions with other regulatory factors [95]. In 

vertebrates, BMPs act as signals of epidermal induction and BMP-2 directs 

the development of neural crest cells into neuronal phenotypes (Christiansen 

et al., 2000), while BMP-4 and 7 specifically induce a sympathetic 

adrenergic phenotype [96]. 
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The human genome encodes for 20 BMPs. BMPs are synthesized inside 

the cell in a precursor form with a hydrophobic stretch of about 50-100 

amino acids. Prior to secretion, BMPs consists of a signal peptide, pro-

domain, and mature peptide. Following cleavage of the signal peptide, the 

precursor protein undergoes glycosylation and dimerization. On secretion of 

the mature bioactive dimeric BMP by the cell, the pro-domain is cleaved. 

The mature BMP derives from the carboxy terminal region by proteolytical 

cleavage and are secreted as either heterodimers or homodimers [97]. 

Comparisons among the derived amino acid sequences of the BMPs found in 

osteoinductive extracts of bone indicate that they fall into 3 subclasses [98]: 

Subclass A: BMP-2 & BMP-4-80% homology 

Subclass B: BMP-5, BMP-6 & BMP-7- 78% homology 

Subclass C: BMP-3-Significantly different from other members of 

BMP family 

The first subclass contains BMP-2 and BMP-4, highly related molecules 

that differ mainly in the amino terminal region, with BMP-2 containing a 

heparin binding domain. In the second subclass are BMP-5, BMP-6, and 

BMP-7, also known as osteogenic protein - 1 (OP-1), and BMP-8 (OP-2). 

These are slightly larger proteins than BMP-2 and BMP-4, and there is an 

approximate 78% amino acid identity between the subgroups. In the third 

subclass, and more distantly related to these factors, is BMP-3, also called 

osteogenin. Proof that these proteins were responsible for the bone inductive 

activity in bone matrix was found in the recombinant expression of each of 

these proteins [99]. 

Receptors for BMPs are complexes of two different types of membrane-

bound serine/threonine kinases: Type I BMP receptors (BMPR-1A and 

BMPR-1B) and type II receptors. After ligand binding, the type II receptor 

phosphorylates the type I receptor. The activated type I receptor then 

phosphorylates a member of the SMAD family of intracellular proteins, 

which are the functional signal transducers of the TGF-β/BMP family. At the 

receptor level itself, the oligomerization mode of the receptors determines 

the specificity of the activation of the signaling pathway. Into intracellular 

compartment, the signal can be modulated by the activation of inhibitory 

SMAD proteins (ISMADs). 

BMP-2, BMP-4, and BMP-7 are expressed in normal and wounded 

adult mouse skin, although their expression is not regulated by skin injury 
[100]. Exogenous BMP-2 induced massive dermal and epidermal growth in 

foetal wounds of lambs and an adult like pattern of scar formation [101]. In 
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contrast to other BMPs, the expression of BMP-6 in healing skin wounds has 

been well documented. It is highly expressed in the regenerating epidermis at 

the wound edge as well as in fibroblasts of the granulation tissue. After 

completion of wound closure, BMP-6 accumulated throughout the 

suprabasal layers of the newly formed epidermis [102].  

To determine the activities of BMP-6 in the skin, Blessing et al. [103] 

generated transgenic mouse lines overexpressing this protein in the 

suprabasal layers of the epidermis. Interestingly, strong and uniform 

expression of the BMP-6 transgene inhibited cell proliferation but had little 

effect on differentiation, whereas weak and patchy expression resulted in 

keratinocyte hyperproliferation and in a psoriasis-like phenotype. Most 

importantly, reepithelialisation was significantly delayed in the transgenic 

mice that overexpress low levels of BMP-6 in the epidermis [102], suggesting 

that this protein inhibits keratinocytes proliferation in wounded skin and is 

necessary for the reestablishment of a fully differentiated epidermis.  

H. Granulocyte-Macrophage Colony Stimulating Factor (GM-CSF) 

GM-CSF is a pleiotropic cytokine that was shown to be mitogenic for 

keratinocytes and to stimulate migration and proliferation of endothelial 

cells. Together with its potent effect on hematopoietic cells, it has been 

suggested to play an important role in cutaneous wound repair. Indeed, a 

series of animal experiments and clinical studies have demonstrated a 

beneficial effect of GM-CSF for the treatment of normal wounds and chronic 

ulcers. 

Recently, Mann et al. [104] demonstrated a strong increase in the levels of 

GM-CSF in skin extracts after generation of full-thickness excisional 

wounds in mice, although the cellular source has not been determined. In 

order to gain further insight into the possible role of GM-CSF in skin wound 

healing, the same group generated transgenic mice that overexpress this 

cytokine in the epidermis and generated full-thickness excisional wounds in 

these animals. Interestingly, these animals displayed accelerated wound 

reepithelialization as a result of increased keratinocyte proliferation. 

Furthermore, neovascularization and granulation tissue formation were 

strongly enhanced. Interestingly, several cytokines that are known to be 

important for wound healing such as TGF-β1 were elevated in the wounds of 

these animals, indicating that GM-CSF stimulates wound repair directly but 

also indirectly via induction of secondary cytokines. 
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Abstract 

Minimally invasive surgery has caused a change in the route of access, 
has significantly and irrevocably changed the surgical treatment of most 
disease processes. Through the innovation of digital imaging technology, 
combined with optical engineering and improved video displays, a surgeon 
can reach inaccessible areas for therapeutic intervention without the larger 
incisions previously deemed mandatory to allow the access. Endoscopic 
surgery has a vast scope in oral and maxillofacial surgery in arthroscopy, facial 
fracture management, functional endoscopic sinus surgery, orthognathic 
surgery, sialendoscopy and implant placement. Accurate visualization, 
minimal external incision, reduced soft tissue dissection, smaller aesthetic 
scars, lesser chances of nerve damage, bruising, bleeding and swelling, 
reduced hospital stay and surgeries performed on an outpatient basis are the 
main advantages of endoscopic surgeries. 

Keywords: endoscopic surgery, oral and maxillofacial surgery, minimally 
invasive surgery 

Introduction 

Surgery has traditionally been a specialty within the medical profession 
that has revolved around invasive procedures to treat various anomalies. 
Initially, trauma induced by the therapeutic procedure was unavoidable to 
provide benefit to the patient. But now, through the innovation of digital 
imaging technology, combined with optical engineering and improved video 
displays, a surgeon can reach inaccessible areas for therapeutic intervention 
without the larger incisions previously deemed mandatory to allow the access. 
Rather than creating large incisions several inches long to gain access to 
underlying tissues, minimally invasive surgical techniques typically rely on 
small half-inch incisions encircling the surgical field in order to insert small 
scopes and instruments. Minimally invasive surgery has caused a change in 
the route of access and has significantly and irrevocably changed the surgical 
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treatment of most disease processes. Patients still undergo interventions to 
treat disease, but minimally invasive surgery makes possible a reduction or 
complete elimination of the "collateral damage" required to gain access to the 
site requiring surgery.  

While the benefits of this approach were numerous for the patient, early 
technology limited the application of minimally invasive surgery to some 
procedures. Specifically, surgeons using standard minimally invasive 
techniques lost the value of a natural three dimensional image, depth 
perception, and articulated movements. Basically, Endoscopic surgery uses 
scopes going through small incisions or natural body openings in order to 
diagnose and treat disease. 

Endoscopic terms 

Endoscopy can involve Gastrointestinal tract (Small intestine- 
Enteroscopy, Colon and Large intestine-Colonoscopy, Sigmoidoscopy), 
Rectum-Rectoscopy and Anus-Anoscopy both also referred to as-
Proctoscopy, Respiratory tract (Nose-Rhinoscopy, Lower Respiratory tract-
Bronchoscopy), Ear-Otoscopy, Urinary tract-Cystoscopy, Abdominal or 
Pelvic cavity-Laparoscopy, Interior of a joint-Arthroscopy, Organs of the 
chest-Thoracoscopy and Mediastinoscopy, During pregnancy (Amnion- 
Amnioscopy, Fetal-fetoscopy), Panendoscopy (or triple endoscopy) combines 
Laryngoscopy, Esophagoscopy, and Bronchoscopy, Epidural space- 
Epiduroscopy, Female Reproductive system-Gynoscopy (Cervix-
Colposcopy, Uterus-Hysteroscopy). 

Advantages 

Accurate visualization, Minimal external incision, Visualization around 
corners, Reduced soft tissue dissection, Smaller scars, Less chance of nerve 
damage, Less bruising, bleeding and swelling, Reduced hospital stay and 
Surgeries performed on an outpatient basis are the main advantages of 
endoscopic surgeries. 

Endoscope 

An instrument used to examine the interior of a hollow organ or cavity of 
the body. Basically, two types of endoscopes are used- 

a) Flexible endoscope: Useful for respiratory endoscopy or gastro-
intestinal endoscopy. The main disadvantage is the poorer image 
quality 

b) Rigid endoscope: Most commonly used endoscope 
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Advantage of this endoscope is that the rod lens system has greater light 
transmission, better image resolution, wider field of view and image 
magnification. 

  
Endoscopy equipments 

 
Monitor is very useful for viewing by the surgical team or to operate at a 

second site. Cameras are analog, but more modern ones have digital capability 
that permit recording of digital images. Digital images are preferred when for 
later presentation and publications. 

 
Camera and light cable 
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5 and 10 mm scopes. 0 and 30 degree scopes. 

Light Sources are high intensity such as xenon or halogen.  

Trocar cannula are the portals through which the endoscope and terminal 
operative instrumentation are passed. 

 
Grasping and dissecting forceps, as well as scissors and biopsy forceps 

have connections for cautery to coagulate prior to cutting, thus reducing blood 
and visibility loss. Terminal instruments for grasping, dissection and cutting 
Endoscopic forceps is for lymph node dissections and vascular dissections.  
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Endobag is a retriever bag for specimens from the cavities in endoscopic 

surgeries. 

  
Handpiece is comprised of a stainless-steel handpiece with inserts for 
energy delivery 

 
Use of endoscope in oral and maxillofacial surgery 

1. Arthroscopy 
2. In Fractures 

• Orbital floor fracture 

• Medial orbital wall fracture 
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• Zygomatic fracture 

• Frontal sinus fracture 

• Condyle fracture 

• Angle fracture 

3. Functional Endoscopic Sinus Surgery (FESS) 
4. Orthognathic surgery 
5. Sialendoscopy  
6. Facial Aesthetic Surgery 
7. Implant placement 

Arthroscopic surgery: Arthroscopy is a technique of introducing an 
optical instrument into the joint allowing direct visual examination of its 
internal surfaces. Kenji Takagi in 1918 used cystoscope to visualize cadaveric 
knee joint. He was the first true innovator and developer of arthroscopy. 
Arthroscopic examination of temporomandibular joint was first described by 
Ohnishi using the Number 24 arthroscope developed by Watanabe. 

Indications of arthroscopy 

• Internal derangement 

• Osteoarthritis  

• Arthritides (rheumatoid and psoriatic) 

• Pseudotumor 

• Post traumatic complaints 

Contraindications of arthroscopy 

Absolute  

• Bony ankylosis 

• Advanced resorption of the glenoid fossa 

• Infection around joint area 

• Malignant tumours 

Relative  

• Increased risk of haemorrhage 

• Increased risk of infection 

• Fibrous ankylosis 
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Arthroscopic instruments 

Joint entry technique 

Superficial temporal artery is palpated and located.Upper joint space is 
distended with 2ml of 2% Lignocaine using 18 gauge needle with a 30 degree 
anterior and superior direction until resistance is felt. A 2mm skin incision is 
made approx 5mm anterior to the 18m gauge needle. Arthroscopic sheath is 
introduced through the incision with a sharp trocar and inserted into the joint 
cavity passing through the capsule in the same direction as the needle 

  
Double-channel sheath can be used not only for diagnostic but also for 

arthroscopic surgery. In particular, it has a hole for surgical device insertion 
which enables parallel insertion of device. This makes it easy to always 
observe the advancing edge of surgical device making any manipulation 
simple.  
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Laser: A quartz fibre probe is indicated. Burning, evaporation, and 
coagulation all occur. Physiologic saline solution is perfused for cooling the 
surgical site. Nd-YAG laser is the most suitable for this technique as it can 
pass through fibres. Arthroscopic suturing is done as shown below- 

  

  
Complications of arthroscopic surgery: Main complications of 

arthroscopic surgery are extravasation, neurologic injury, vascular injury, 
intra-articular injury, instrument breakage, otologic infections, burns and 
anaesthetic complications. 

Endoscopic sinus surgery (Sinuscopy): Minimally invasive surgical 
procedure that opens up sinus air cells and sinus ostia (openings) with an 
endoscope. Hirschmann first attempted sinus endoscopy with cystoscope in 
1901. The term Sinuscopy was coined by a facial plastic surgeon Maxwell 
Maltz in 1925. 
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Indications of sinuscopy: Polyposis, Obstructed nasal respiration, 

Recurrent and Chronic sinusitis, Epiphora, Anosmia, Chronic headaches, 
Mucocele Retention cyst, Mycoses, Orbital complication of acute sinusitis, 
Eustachian tube problems, Post nasal drip, continuing complaint after 
Caldwell-luc operation. Intranasal fenestration, Allergies, Sinobronchial 
syndrome, Bronchial asthma, Recurrent pharyngitis, Phonation disturbances 
and Snoring are the conditions where sinuscopy is advised. 

Contraindications of sinuscopy: Extensive invasive procedures like 
Osteoma, coarse bony inflammatory stenosis of the ostium, acute sinusitis 
with central complications (meningitis, epidural abscess, cavernous sinus 
thrombosis), evidence of osteomyelitis and chances of vision loss are the 
conditions where sinuscopy is contraindicated. 

Procedure of sinuscopy 
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Normal opening into left maxillary sinus (the natural ostium) seen 
through a nasal endoscope (mt = middle turbinate, mm = middle meatus, it = 
inferior turbinate). 

 
Polyps and persistent thick sticky secretions in the ethmoid two years 

following Functional Endoscopic Sinus Surgery, seen through an endoscope. 
This asthmatic patient was pleased with the improvement in his ability to 
breathe through the nose, but still suffered from thick postnasal drip. 

 
Intra nasal antrostomy, left inferior meatus, seen through a 30 degree rigid 

nasendoscope, s = nasal septum, mm = middle meatus, it = inferior turbinate, 
ina = intranasal antrostomy. 

Complications of sinuscopy: Bleeding, Blindness, Closure of 
antrostomy, Diplopia, Cerebrospinal fluid leak, Orbital injury, Orbital 
hematoma, Direct brain injury and Nasolacrimal duct injury/epiphora are the 
common complications noted during sinuscopy. 

Image-guided endoscopic surgery: Image guidance techniques feature 
a three-dimensional mapping system combining CT scanning and real-time 
data acquisition. It confirms the location of the surgical instruments during the 
procedure and navigates more precisely at the desired site. It monitors the 
exact location of vital sites to avoid the injury. Balloon catheter dilatation for 
sinusitis (Balloon sinuplasty): Introduced in 2005, the aim is to stretch and 
widen narrowed openings into the sinuses. It guides a narrow, flexible wire up 
the nose and into the sinus. A balloon catheter is slid over the wire, until in 
sits in the sinus opening.  
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The balloon is then inflated with liquid, stretching and widening the sinus 
opening. Once the opening has been enlarged, the wire and balloon are 
removed. In the UK, balloon sinus dilatation was given official approval as a 
safe and effective procedure to treat chronic sinusitis by NICE (National 
Institute of Clinical Excellence) in September 2008.  

Endoscopy in maxillary orthognathic surgery: Sakai and colleagues 
extended endoscopic applications to the management of craniofacial 
disorders, performing a Le Fort I level osteotomy. It minimizes the access and 
to optimize the vascularization (risk of injury to the descending palatal artery), 
should be the aim of future treatments. The use of this technique for the 
surgically assisted rapid palatal expansion (SARPE) could be one of the main 
indications. 

Advantages & disadvantages of endoscopy in maxillary orthognathic 
surgery: The vertical direction of the incisions preserves the anastomotic 
network between branches of the facial artery and branches of the maxillary 
artery on the gingiva and buccal mucosa, reduces blood loss, prevents swelling 
and edema, decrease the risk for postoperative infection, accelerates the 
recovery and allows for correct reattachment are the basic advantages. But 
disadvantages are extended time of surgery, disturbed visibility, higher 
technical challenge and more expensive treatment.  

Endoscopy in mandibular orthognathic surgery 

Mandibular prognathism or asymmetry cases who refuse 
maxillomandibular fixation, are not willing to accept the risks of inferior 
alveolar nerve injury, allow for mandibular setback without the need for 
extraction of well-developed mandibular third molars, which are associated 
intimately with the IAN. will be the minimally invasive alternative to the 
sagittal split osteotomy.  

Endoscopic orthognathic surgery 
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A) Endoscopic view of right lateral ramus with completed osteotomy, 
extending from sigmoid notch to angle 

B) Close-up panoramic view showing vertical ramus osteotomy with 
setback and rigid fixation 

Endoscopic condylar fracture repair: It allows the surgeon to produce 
anatomic fracture alignment and to avoid the negative sequelae of condylar 
malunion. 

Advantages of endoscopic condylar fracture repair: To reduce 
morbidity by limiting scars, reducing the risk to the facial nerve, eliminating 
the need for MMF and anatomic reduction and rigid fixation are some 
advantages. 

Indications & Limitations endoscopic condylar fracture repair 

Fracture displacement: Lateral override fractures are the easiest to 
approach but medial override is difficult. The management of medial override 
injuries is by first reducing them to the lateral override category.  

Fracture comminution: Comminution is a relative contraindication. 

Condyle-fossa relationship: Non-dislocated condylar heads are the most 
favorable but displaced condylar head without dislocation usually can be 
relocated. Dislocation of the condylar head are significantly more challenging. 
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Endoscopic condylar repair procedure 

 A view of the anatomically reduced and rigidly fixated left condylar 
fracture using the endoscopic technique. 

Endoscopic repair of orbital floor fractures 

2 Approaches 

1. Caldwell-Luc approach 
2. Transnasal approach  

 
Indications and Limitations-Trap door fracture and medial blow-out 

fracture are indications. In early repairs it offers excellent fracture 
visualization. 

Lateral blow-out fracture and hyphema are contraindications. 

   
Endoscopic Repair of Medial Orbital Wall Fractures: Variable sizes of 

the medial orbital wall fractures and fractures involving the superior and 
posterior medial orbits can be repaired and transcaruncular endoscopic 
approach is used to correct late enophthalmos caused by uncorrected 
displacement of medial wall or previously inadequate reconstruction of medial 
wall defects. 
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Procedure endoscopic repair of medial orbital wall fractures 

Two approaches 

1. Intranasal (transethmoidal): It involve partial ethmoidectomy.  

It assist in placement of an orbital implant by means of a periorbital 
incision. 

  
A) Bony defect of the lamina papyracea 
B) Medpor implant in proper position 

Endoscopic transcaruncular approach  

  

• Transcaruncular incision posterior to caruncle 

• Transcaruncular incision posterior to caruncle 

Endoscopic view of the bone defect of the orbital medial wall 
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• Endoscopic view of Medpor implant placed 

• Endoscopic Repair of Frontal Sinus Fractures 

Acute fracture reduction with or without fixation: 

It involves exposure of the fracture in the acute setting, reduction of the 
bone fragments, and application of internal fixation as needed to maintain. 

Fracture camouflage: It involves an observation period to allow 
resolution of facial edema, followed by recontour with an alloplastic implant 
Exposure is easier, because the bone fragments are not mobile and technically 
less challenging. Need not be done in the acute setting of the defect. 

Disadvantage of the this technique is the need for an alloplastic implant 

  

 
Endosopic Facial Aesthetic Surgery 

Series of small incisions that are much less Invasive, less problem with 
supraorbital and supratrochlear anesthesia and paresthesia, hair loss and 
bleeding is a rare problem, scars are rarely seen. 
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Sialendoscopy: To visualize the lumen of the salivary ducts and their 

pathologies. Indicated in all salivary gland swellings of unclear origin. 
Limitations are sharply bent curvature. 

 

  
Interventional Sialendoscopy 

  
Endoscopic approach to dental implantology 

In 2006, a microendoscope (Visio Scope) was introduced for 
multidisciplinary use in dentistry, including dental implantology. The 
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Modular Implant Endoscope is a semirigid microendoscope with an objective 
to increase the longevity of oral implants by securing proper implant 
placement into bone of sufficient density. 

 
With the advent of Capsule Endoscopy and robotic systems, telesurgery 

was introduced. The first transatlantic surgery has been called the Lindbergh 
Operation.  

A new endoscopy technology using Magnetically Guided Capsule 
Endoscopy (MGCE) for wireless control, monitoring and imaging. Robotic 
surgery is an extension of minimally invasive techniques. Surgeon uses 
robotic arms instead of endoscopes and other tools. 

 The future of Endoscopic surgery i.e. Minimally Invasive surgery is 
changing into the Least Invasive surgery. Natural Orifice Transluminal 
Endoscopic Surgery (NOTES) is the least invasive surgery performed without 
giving external incision leaving no scars (surgeons without scalpel) through 
natural orifice (mouth, anus, vagina, urethra). NOTES is an entirely novel 
method of surgical therapy with future prospects in oral and maxillofacial 
surgery. 
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