
TERNA	JOURNAL	OF
DENTAL	SCIENCES

Volume 6 Number 1 January 2020

OFFICIAL PUBLICATION OF 
TPCT’S

TERNA DENTAL COLLEGE
NERUL, NAVI , MUMBAI



INDEX

1. If ’s and but’s of  E-butt

 Dr. Anahita Mandal , Dr. Mahendra Gaikwad, Dr. Vaibhav Kumar, 

 Dr. Nikhil Bhanushali, Dr. Romi Jain

2. Peripheral ossifying fibroma: A case report

 Dr. Shreya Wani, Dr. Gaurav Yermalkar, Dr. Monica Yadav, 

 Dr. Meghana S.M., Dr. Pournima Godge, Dr. Jashika Shroff

3. 3D Printing in Dentistry - A review

 Dr. Amol Dhokar, Dr. Sunanda Bhatnagar, Dr. Ashik Hegde, 

 Dr. Tanmay C Juvekar, Swarali Atre

4. Self-exfoliated submandibular gland siaolith – A case report

 Dr. Tanmay C Juvekar, Dr. Venkatesh Naikmasur, Dr. Krishna Burde, 

 Dr. Amol Dhokar, Dr. Sunanda Bhatnagar, Dr. Ashik  Hegde 

5. Genetics in Dentistry - Review Article

 Dr. Rohit Kulshrestha, Dr. Shailesh Shenava, Dr. Prakash Mudaliar, 

 Dr. Robin Mathew, Dr. Sandeep Singh, Dr. Prachi Gaonkar

6. Emergency drugs in dental practice – A review

 Dr. Sanjay Joshi, Dr. Vikram Karande, Dr. Arsalan Ansari, 

 Dr. Charudatta Naik, Dr. Sachin Bagade, Dr. Avadhut Phad

7. Nasopalatine duct cyst mimicking like a radicular cyst: A case report

 Dr. Arsalan Ansari, Dr. Sanjay Joshi, Dr. Sandip Kulkarni, Dr. Aarti Garad, 

 Dr. Bhupendra Mhatre, Dr. Deepti Chablani

8. Lesion Sterilization and Tissue Repair in Pediatric Dentistry: A review

 Dr. Komal Nanavati, Dr. Shilpa Shetty, Dr. Devendra Patil, Dr. Aishwarya Kamble

9. Silver diamine fluoride- the latest caries management tool: a review

 Dr. Aishwarya Kamble, Dr. Farhin Katge, Dr. Vamsi Krishna, Dr. Komal Nanavati

10. Oral hygiene awareness and practice among dental students

 Dr. Ankit Desai, Dr. Shazneen Kandawalla, Dr. Dipika Mitra, Dr. Priyanka N Potdar

11. Periodontal disease and the special needs patient

 Dr. Saurabh S Prithyani, Dr. Chaitrali Lakade, Dr. Dipika Mitra, Dr. Ankit Desai, 

 Dr. Priyanka Potdar

12. Use of  a leveller as an alternate option for denoting third point of  reference in

 orientation relation

 Dr. Praveen Vasant Badwaik, Dr. Vishrut M. Bhatnagar, Dr. Arshad Idrisi, 

 Dr. Nikita Gharat, Dr. Rahul Malu, Dr. Mahadev Kamble, Dr. Naisargi P. Shah

TERNA JOURNAL OF 
DENTAL SCIENCES

Editor In Chief
Shishir Singh

Associate Editor
Shailesh Shenava

Assistant Editor
Farhin Katge

Editorial Board
Prakash Mudaliar
Rohit Shah
Meghana S.M.

Section Editors
Prosthodontics and Crown & 
Bridge
Naisargi Shah
Praveen Badwaik

Periodontology
Dipika Mitra
Silvia Rodrigues

Oral & Maxillofacial Surgery
Sanjay Joshi
Vikram Karande

Conservative Dentistry and 
Endodontics
Rajesh Podar
Gaurav Kulkarni

Orthodontics and Dentofacial 
Orthopaedics
Prakash Mudaliar
Robin Matthew

Oral Pathology & Microbiology
Monica Yadav
Pournima Godge

Public Health Dentistry
Romi Jain
Nikhil Bhanushali

Pedodontics & Preventive 
Dentistry
Debapriya Pradhan
Manohar Poojari

Oral Medicine & Radiology
Amol Dhokar
Sunanda Bhatnagar

Peer Review Committee
Sabita Ram
Arti Wadkar
Gaurang Mistry
Sumit Bedia
Mala Baburaj
Jyotsna Galinde
Hemant Dhusia
Mansing Pawar
Sharad Kokate
Ashok Dhoble
Sangeeta Patankar
Jigna Pathak
Arun Dodamani
Sahana Hegde
Shobha Deshpande
Adesh Kakade
Freny Karjodkar
Hemant Umarji

....5

....9

....11

....15

....19

....22

....28

....30

....36

....42

....47

....50



13. Applied surgical implications of  anatomic challenges in dental implant

 placement

 Dr. Ravi Rele, Dr. Anshul Khanna, Dr. Naisargi Shah, Dr. Shruti Gill, 

 Dr. Vishrut Bhatnagar, Dr. Nikita Gharat

14. Surgical management of  a periapically separated instrument: A case report

 Dr. Anuprita Gadkari, Dr. Padmini Chandrasekhar, Dr. Gaurav Kulkarni, 

 Dr. Avinash Salgar, Dr. Teena Sitlaney

15. Mineral Trioxide Aggregate: A boon to Endodontics.

 Dr. Teena Sitlaney, Dr. Shishir Singh, Dr. Rajesh Podar, Dr. Naren Ramachandran, 

 Dr. Prajot Yevale, Dr. Anuprita Gadkari

TERNA JOURNAL OF 
DENTAL SCIENCES

Editor In Chief
Shishir Singh

Associate Editor
Shailesh Shenava

Assistant Editor
Farhin Katge

Editorial Board
Prakash Mudaliar
Rohit Shah
Meghana S.M.

Section Editors
Prosthodontics and Crown & 
Bridge
Naisargi Shah
Praveen Badwaik

Periodontology
Dipika Mitra
Silvia Rodrigues

Oral & Maxillofacial Surgery
Sanjay Joshi
Vikram Karande

Conservative Dentistry and 
Endodontics
Rajesh Podar
Gaurav Kulkarni

Orthodontics and Dentofacial 
Orthopaedics
Prakash Mudaliar
Robin Matthew

Oral Pathology & Microbiology
Monica Yadav
Pournima Godge

Public Health Dentistry
Romi Jain
Nikhil Bhanushali

Pedodontics & Preventive 
Dentistry
Debapriya Pradhan
Manohar Poojari

Oral Medicine & Radiology
Amol Dhokar
Sunanda Bhatnagar

Peer Review Committee
Sabita Ram
Arti Wadkar
Gaurang Mistry
Sumit Bedia
Mala Baburaj
Jyotsna Galinde
Hemant Dhusia
Mansing Pawar
Sharad Kokate
Ashok Dhoble
Sangeeta Patankar
Jigna Pathak
Arun Dodamani
Sahana Hegde
Shobha Deshpande
Adesh Kakade
Freny Karjodkar
Hemant Umarji

Cover images depict the various treatment modalities and the research work being routinely carried 
out by all the departments at Terna Dental College And Hospital

ISSN 2250-2785                                                                                             © 2020 Terna Dental College

All rights reserved. No part of  this publication may be reproduced, stored in a retrieval system, 
or transmitted in any form by any means, electronic, photocopying or otherwise without permission 
of  this college.

....53

....59

....63



Foreword

KNOWLEDGE POWERED DENTISTRY

“Knowledge is power. Information is liberating. Education is 

the premise of  progress” 

It is beyond doubt, that, all our knowledge begins with 

experience; be it clinical or non - clinical. Application of  

rational knowledge is what dentistry is all about! Growth and 

development of  dental skills is based entirely on our ability to 

accommodate and acknowledge the evolution of  knowledge 

in our respective fields.

With advancements in technology, the horizons of  gaining 

knowledge have also widened in dentistry. Implants, advanced 

dental materials and diagnostic techniques have made it 

obligatory for every dentist to have a sound knowledge of  the 

basics and advanced both at the same time. Staying updated by 

events such as conferences, symposiums, scientific sessions 

etc. are doing their best to emancipate dentistry with logical 

knowledge.

Empowering dentistry with knowledge would be rightly 

justified when we would see a growing enthusiasm to gain 

knowledge amongst dentists and clinicians for a better oral 

health, diagnosis and best treatment. Moreover, knowledge 

gives us with the power to make a difference!

EDITORIAL

Dr. Shishir Singh
Editor-in-Chief

Ex. Clinical Teaching Fellow, Endodontology, 
UCL Eastman Dental Hospital, UK

Dean, Professor and Head, 
Terna Dental College and Hospital, 

Navi Mumbai.
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Abstract

E-Cigarettes (EC) are electronic cigarettes which are battery powered 

/operated device trying to imitate the experience of  smoking by 

inhaling the vapours generated by electrically heating the solution 

containing propylene glycol or glycerol, flavouring agents and may or 

may not contain nicotine. It was introduced as cessation aid for 

smoking, causing health hazards in long term smokers and thereby 

reducing mortality related to smoking disease. The number of  never-

smoking youth who use ECs with or without nicotine is dramatically 

increasing. ECs are new sources of  the highly addictive substance 

nicotine, which has a proven harmful effect on health. The 

advertisement through various channels of  nicotine-free e-cigarettes 

with liquids of  fruit and sweet flavours has influenced the youths to 

initiate smoking. After weighing the pros and cons of  using e-cigarettes, 

Government of  India banned e-cigarettes in 2019.

Introduction

E-cigarettes are devices designed to give 

much of  the experience of  smoking and 

may or may not contain a certain amount of  

nicotine without exposing the user to the 

highly carcinogenic tar and harmful carbon 
1monoxide gas that cigarettes deliver.  E-

cigarettes are battery-powered devices that 

heat a solution typically containing nicotine, 

generating a vapour for inhalation. Studies 

have found wide variability in product 
2,3 4nicotine content  and device quality.  They 

contain a battery-powered heating element 

that is activated either manually or 

automatically when the user sucks on the 

end. This element heats a liquid also known 

as ‘e-liquid’ or ‘e juice’ mostly made up of  

propylene glycol or glycerol, usually with 

some nicotine (although many liquids do 
5not contain nicotine) and flavourings.  The 

heating agent atomizes the liquid resulting 

in aerosolized nicotine vapour. The 

resulting vapour is inhaled in lungs termed 

‘vaping’ and delivers varying amounts of  

nicotine, typically less than that from 

smoking, depending on the device and 

experience of  the user. Some of  the vapour 

is exhaled as a visible mist. The main 

constituents of  the e-cigarettes (propylene 

glycol and flavourings) are generally 

considered safe for ingestion, the risks 

associated with their inhalation is 
6,7unknown.

Evolution of  e- cigarettes

The 1964 landmark report by the Advisory 

Committee to the U.S. Surgeon General 

was one of  the first to identify the adverse 

effects of  cigarette smoking on health.8 

Advances have been made in diagnosis and 

treatment of  smoking related diseases but 

the fact that smoking is a risk factor for six 

of  the eight leading causes of  death 

worldwide, including ischemic heart 

disease, cerebrovascular disease, lower 

respiratory infections, chronic obstructive 

pulmonary disease, tuberculosis, and lung 
9cancer cannot be denied.  Cigarette 

smoking continues to cause a massive 

burden of  avoidable disease and 

premature mortality even into the 21st 
10century.  It is increasingly becoming 

apparent that nicotine replacement 

therapy (NRT) is often unsuccessful, with 

up to 93% of  individuals relapsing within 6 

months of  initiating therapy and fewer 

than 5% individuals abstinent within 1 year 

without the use of  pharmacotherapy.  As 

such new and efficacious ways are being 

sought to sustain smoking cessation in at-

risk groups, thereby limiting future health 
1 1problems.  So e-cigarettes were 

introduced as an effective aid to promote 

smoking cessation.              

E-cigarettes are available in different 

shapes and sizes, with enhanced features 

that allow customization through changes 
12in device configuration and components.  

It can be disposable or reusable with 

disposable solution cartridges; ‘tank 

systems’ that are refillable with solution 

and do not resemble a typical cigarette; and 

‘variable power e-cigarettes’ systems of  

variable appearance on which the user can 
13control and change the electronic output.  

E-cigarettes are also commonly referred to 

as ‘vape pens’, ‘hookah pens’ or ‘e-hookah’ 
14among youth.

Constituents of  e-cigarettes

It is essential to understand the 
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components of  inhaled vapor produced by 

the e-cigarette atomization process, 

including nicotine and potential toxicants. 

Commercially available e-cigarettes are 

marketed with different levels of  nicotine. 

E-Cigarettes require higher levels of  

suction to smoke than conventional 

cigarettes and the amount and density of  

aerosol produced by e-cigarettes diminish 
15progressively as puffs are taken.  E-

cigarette aerosol has been found to contain: 

propylene glycol, glycerol, flavors, carbonyl 

compounds, volatile organic compounds 
16(VOCs), metals and nicotine.  E-cigarettes 

usage is the potential for toxic aldehyde 

emiss ion  such as  for maldehyde,  

acetaldehyde, propanol and acronein which 

are known to be formed following heating 

of  the E-Cigarette’s liquid main component 

propylene glycol and glycerol, as thermal 
1 7decompos i t ion  p roduc t .  Othe r  

contaminants inhaled by an E-smoker 

during vaporization session can be o-

methyl-benzaldehyde carcinogenic 

nitrosamine, terpenic compound such as 

limonene (which are probably used by 

manufacturer as a flavoring agent18 as well 

as heavy metal and silicate particle (>1µm) 
19including nanoparticles (<100nm).

Newer version and marketing

Newer versions of  e-cigarettes, such as 

JUUL, incorporate nicotine salts in a novel 
20product design.  These more recently 

available products have higher nicotine 

content; have become immensely popular 

with users, particularly among youth and 

account for a major portion of  the e-

cigarette market share in the US at this 
21time.

The internet has been and remains, a main 

channel for marketing e-cigarette products; 

but mall kiosks, tobacco outlets, 

convenience stores, tobacconist shops, 

vape shops/cafes/lounges, etc. are available 

sources. A major share of  the marketing, 

sales and promotion of  these devices is 

done through online websites and social 
22media.

Role of  e-cigarettes in smoking 

cessation

E-cigarettes are marketed as safer and 

‘healthier’ alternative to traditional 

cigarettes, and it is suggested in the mass 

media that e-cigarettes helps smokers to 

stop smoking long term, or to help smokers 

unable to stop smoking entirely to reduce 
23their tobacco cigarettes consumption.  

These are devices designed to give much of  

the experience of  smoking and usually 

contain a certain amount of  nicotine 

without exposing the user to the highly 

carcinogenic tar and harmful carbon 
18monoxide gas that cigarettes deliver.  

Epidemiologic studies show e-cigarettes are 

most frequently used by current smokers 

but there is no association between use and 

quitting. However, users perceive the 

products as healthier than cigarette 
24smoking and useful for smoking cessation.  

Across Canada, it was found that among 

those 16-19 yrs old ,vaping increased by a 

stunning 74% from 2017-2018 from 8.4% 

to 14.6%. 62.8% of  Canadians who 

reported using e-cigarettes in the past 30 

days also reported that they smoked 

combustible cigarettes on a daily or non-

daily basis, indicating high prevalence of  

dual use. The NASEM report concluded 

that there is limited evidence that e-

cigarettes may be effective aids to promote 

smoking cessation. More recent evidence 

from RCTs and observational studies do 

not provide support for e-cigarettes as an 
25effective cessation aid.

Health impact of  e-cigarettes

E-cigarettes and smoking initiation in 

youths and young adults has been observed 

to increase in last few years. The number of  

never-smoking youth who use ECs with or 

without nicotine is dramatically increasing. 

ECs are new sources of  the highly addictive 

substance nicotine, which has a proven 

harmful effect on health.  And the 

advertising of  nicotine-free ECs with 

liquids of  fruit and sweet flavors is 

particularly likely to encourage young 

people to start using the e-cigarette. The 

Forum of  International Respiratory 

Societies also revealed that e-cigarette (EC) 

smoking is a significant public health 

problem. In addition to the possible role of  

e-cigarettes in establishing nicotine 

addiction and as a gateway to conventional 

cigarettes for youth, nicotine itself  has a 

negative impact on adolescent brain 

development and on the development of  

the fetal brain, with implications for use 
26during pregnancy.  In addition to the 

possible harmful effects of  nicotine per se, 

the other main health concerns about EC 

usage is the potential for toxic aldehyde 

emissions, such as formaldehyde, 

acetaldehyde, propanal and acrolein, which 

are known to be formed following heating 

of  the EC liquid’s main components: 

propylene glycol and glycerol as thermal 
1 7decomposi t ion products.  Other  

contaminants inhaled by an EC-smoker 

during a ‘vaporization’ session can be o-

methyl-benzaldehyde, carcinogenic 

nitrosamines, terpenic compounds such as 

limonene (which are probably used by the 
18manufacturers as flavoring agents)  as well 

as heavy metal and silicate particles (>1 

μm) including nanoparticles (<100 

nm). However formaldehyde releasing 

agents’ behavior in respiratory tract is 

unknown, but formaldehyde is an 

International Agency for Research on 

27Cancer group 1 carcinogen.  It has also 

been reported that the emission levels 

of aldehydes released by EC aerosols 

with and without flavorings are 

28generally very low  and that high levels 
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of formaldehyde emissions due to 

excessive degradation of propylene 

glycol can only be caused by unrealistic 

using conditions of ECs, such as 

overheating (remaining) faint levels of 

EC liquids in the cartridges at a high 

voltage (5V), which creates the 

unpleasant taste of “dry puffs” to EC-

smokers and is thus normally avoided 

by users .  E-cigarettes from the current 

studies are suggesting that it induces a 

signature of harm in lungs, which is 

contradictory to the concept of 

switching from traditional cigarettes to 

ECs, a healthier alternative. EC may play 

a role in the development of chronic 

airway diseases such as chronic 

obstructive lung disease (COPD). In 

addition DNA damage and impaired 

DNA repair mechanisms have recently 

been reported in human bronchial 

epithelial cells suggesting enhanced 

susceptibility of lung epithelium to 

o n c o g e n i c  t ra n s fo r m a t i o n  a n d  

29tumorogenesis.

Current scenario in India

The prohibition of  E-cigarette Bill 2019 

was passed in parliament on 2nd December 

2019. The government said, though e-

cigarettes were introduced as a weaning 

mechanism but studies conclude it to be 

rather addictive, so the decision to ban e-

cigarettes is aimed at protecting the youth, 

the section that is most vulnerable to the 

health hazards of  e-cigarettes.

The new law would replace the Parliament-

passed bill which seeks to prohibit the 

production, trade, transport, storage and 

advertisement of  e-cigarettes in India .The 

bill defines e-cigarette as an electronic 

device that heats a substance which may 

contain nicotine and other chemicals to 

create vapor for inhalation. The bill 

provides for imprisonment of  up to one 

year or a fine up to one lakh rupees or both 

to a first time violator, for any subsequent 

offence which says that the crime will be 

punishable with an imprisonment of  up to 

three years, along with a fine up to five lakhs.
No person is allowed to use any place for 

the storage of  any stock of  e–cigarettes and 

if  any person stores any stock of  e-

cigarettes, he will be imprisoned for up to 

six months or fined up to fifty thousand 

rupees or both. An authorized officer 

believes that if  any provision of  bill is 

controversial, he can search any place where 

trade or production of  E-cigarette is being 

undertaken. The government had issued 

the ordinance to ban e-cigarettes in 

September 2019. The new law would 
30replace the ordinance.

Conclusion

Long term conventional smokers have been 

found to follow e-cigarettes cessation aid as 

benefits to reduce the frequency n quantity 

of  smoking. But for youths, young adults 

and new users it has been a mode for 

initiation of  smoking with increased 

frequency and intensity of  smoking. So, 

taking into consideration the trajectory of  

e-cigarette usage and smoking in those with 

little or no smoking experience, the 

prohibition of  e-cigarettes bill was passed 

in Parliament of  India. Indeed, the time has 

come to understand the perils of  this so 

called ‘wonder stick’ and take further steps 

in tackling this global menace.
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Abstract

Localized gingival growths are one of  the most frequently encountered 

lesions in the oral cavity, which are considered to be reactive rather than 

neoplastic. Different lesions with similar clinical presentation makes it 

difficult to arrive at correct diagnosis. These lesions include pyogenic 

granuloma, irritation fibroma, peripheral giant cell granuloma, 

peripheral ossifying fibroma. Considerable confusions have prevailed 

in the nomenclature of  peripheral ossifying fibroma (POF) due to its 

variable histopathologic feature. This is a case presentation of  a 44 year 

old female patient in the region of  mandibular left molar region. 

Clinically, lesion was asymptomatic, firm, pale pinkish and 

pedunculated. 

Introduction

Localized gingival overgrowths are one of  

the most frequently encountered lesions in 

the oral cavity and peripheral ossifying 

fibroma (POF) is one of  them. It accounts 

for 3.1% of  all oral tumors and 9.6% of  
1,2gingival lesions.

The first description of  ossifying fibroma 

was given by Menzel in 1872 while the term 

was given by Montgomery in 1927. It was 

first described as a relatively uncommon, 

so l i t a r y,  non-neop la s t i c  g ing iva l  

overgrowth by Eversol and Robit. 

Ossifying fibroma are of  two types – central 
3and peripheral.  POF is a focal, reactive, 

non-neoplastic tumor-like growth of  soft 

tissues that often arise from interdental 

papilla. Though the etiopathogenesis is 

uncertain, an origin from the cells of  PDL 

has been suggested, especially since it 

occurs on gingiva and may contain oxytalan 
4fibres.

It can occur at any age, but most is most 

commonly seen in the 2nd and 3rd decades 

of  life with peak prevalence between ages 

10-19 years. It has predilection for 

occurrence in females with a ratio ranging 

from 2:1 to 3:1. Lesions are equally divided 

in maxilla and mandible. Over 80% of  the 

lesions in both jaws occurred anterior to 

the molar area. Peripheral fibroma with 
5ossification is a common finding.  It 

appears as a well demarcated focal mass of  

tissue on gingiva with sessile or 

pedunculated base, mostly originating 

from the interdental papilla. It is of  the 

same color as the normal mucosa or 

slightly reddened. The surface may be 

intact or ulcerated. 

Case report

A 44 year old, female patient reported with 

a chief  complaint of  overgrowth in the 

lower left back region since 6-7 months. 

The presenting illness had a gradual onset 

with a slow growth pattern. The associated 

symptoms include pain in mandibular left 

first and second molar region and grade 2 

mobility with respect to 36 and 37. Patient 

reported with medical history of  

pregnancy since 2 months. Patient had no 

de l e t e r i ous  hab i t s.  On  c l i n i c a l  

examination, swelling which was pale pink 

in color, oval in shape was found extending 

from 34 to 37. The swelling was 

pedunculated and firm without any pain or 

tenderness. Extra-oral findings were 

unremarkable. Routine blood examination 

was done prior to the biopsy procedure 

which showed no abnormal values. A 

provisional diagnosis of  pyogenic 

g ranu loma ,  per iphera l  oss i fy ing  

granuloma and peripheral giant cell 

granuloma was arrived at.  

An excisional biopsy in the area of  left 

mandibular molar region was performed. 

Intraoral examination revealed that the 

tissue was firm and gritty in consistency, 

oval in shape, white in color and measured 

about 2.5cm X 1cm in size.

Histopathological findings show the 

presence of  parakeratinized stratified 

squamous epithelium and underlying 

connective tissue. The connective tissue 

was  f ib roce l lu l a r ,  w i th  pa ra l l e l  

arrangement of  collagen fibres. Numerous 

spindle- shaped fibroblasts were also seen 

with small round or oval ossicles and 

osteoid like-material within connective 

tissue. Hence the diagnosis of  peripheral
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ossifying fibroma.

Discussion

POF is a reactive lesion formed on gingiva 

and is non-neoplastic in nature, usually 

results due to local irritation caused by 

subgingival plaque, calculus, dental 

appliance, poor quality dental restoration or 

trauma.6 they are also called as “ossifying 

fibrous epulis, peripheral fibroma with 

calcification and calcifying fibroblastic 

granuloma”. Long standing chronic 

peripheral granulomas may also transform 

into ossifying fibroma as a result of  

subsequent calcification in response to 

chronic inflammation and reparative 
8process.  Though there are two variants of  

ossifying fibromas, i.e., central and 

peripheral variant, some authors suggest 

that these two represent a separate 

1pathologic entity.  

Differential diagnosis must include 

pyogenic granuloma and peripheral giant 

cell granuloma. POF is more cellular than 

peripheral giant cell fibroma and less 

vascular than pyogenic granuloma. 

Hormonal influences and presence of  local 

irritants have been suspected to have some 

role in development of  this lesion. 

Histologically, fibrous proliferation with 

large number of  fibroblasts is seen 

associated with formation of  a mineralized 

product. 

The characteristic feature of  POF is a 

highly cellular connective tissue containing 

foci of  calcified matter. In some cases, giant 

cells may be seen. POF does not require 
7imaging beyond radiograph.  Exact cause 

of  POF is not known though the 

precipitating factors suggested are trauma, 

local irritation, subgingival plaque and 

hormonal influence. 

Treatment of  choice for POF is local 

resection with periodontal and periosteal 

component. In addition, plaque and 

calculus removal is required. Generally, the 

rate of  recurrence is 8.9-20% and probably 

occurs due to incomplete removal or 
8repeated injury.

Conclusion

POF is a benign, slowly progressive lesion 

with limited growth. Clinically easy to 

diagnose but needs to be differentiated 

from pyogenic and peripheral giant cell 

granuloma. Complete surgical excision 

down to periosteum is the preferred 

treatment in order to avoid recurrence. 

Patient follow up is generally not required.

Fig 3: Round to oval calcification 
seen within the connective 

tissue (H&E, 40X).

Fig 2: Fibrocellular connective 
tissue with small round or oval 

ossicles and osteoid like-
material (H&E, 10X).

Fig 1: Intraoral view
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Abstract

3D printing technology is used in various fields such as Aerospace, 

Defence, Art. Recently it has become a subject of  great interest in 

virtual surgical planning. This technology has a particular resonance 

with Dentistry. It has become of  great importance with advancement in 

3D imaging and modelling technologies such as CBCT, Intraoral 

Scanning and CAD CAM in dentistry. Uses of  3D printing include the 

production of  drill guide for dental implant, the production of  physical 

models for Prosthodontics, Orthodontics & Surgery and fabrication of  

copings & frameworks for implant and dental restorations. This article 

reviews the type of  3D printing technologies and their various 

applications in dentistry.

It is the process in which multiple layers of  

materials are added one by one under 

computer control to create three 

dimensional objects.

3D Printing is also known as:

• Additive Manufacturing

• Rapid Prototyping

• Layered Manufacturing

• Solid Free Form Fabrication

1Materials Used For 3D Printing:

• Metals like Silver, Steel, Titanium

• Resins like PLA, polyamide (nylon),

 glass filled polyamide, epoxy resins,

 photopolymers, polycarbonate

• Ceramics like hydroxyapatite

• Organic materials such as cell, wood and

  chocolate

Mechanism

• It all starts with creation of  a virtual

 design of  the object.

• The most common and universal file

 formats for 3D printings are STL and

 VRML.

• Scanners may be used to produce 3D

 model.

• The 3D model is sliced and then it is

 ready to feed into the 3D printer of

 compatible brand and design.

• The 3D printer reads every slice (2D

 image) and creates a three-dimensional

 object. (Fig. 1)

Various Types of  3D Printing

1. Stereolithography - Involves successive

 printing of  thin layers of  UV laser

 curable liquid photopolymer. Layer by
2 layer.

2. Selective laser sintering - A fine material

 powder is fused by scanning laser, to

 build up structures incrementally.

3. Digital light processing - A projector

 light source is curing the liquid resin

 layer by layer. The object is constructed

 on an elevated platform. The layer is

 created upside down and the residual

 polymer is drained off.

4. Fused deposition modelling - A

 thermoplastic filament material is

 executed through a nozzle controlled

 by temperature and the material

 hardens immediately within one second

 after extrusion.

Steps In 3D Printing

1. Acquisition of  3D patent model -

 Physical model digital model- the

 scanned volume is exported typically as

 DICOM file.

2. Creating design STL file -

 model/appliance/prosthesis designed

 in CAD software.

3. Preparing the model for printing -

 When necessary support structures are

 designed in the software, the structure is

 sliced to create a stack of  layers.

4. 3D Printing - The sliced data is sent to

 the printer where material is laid down

 layer by layer.

5. Post Processing -

 Removal of  support

 •  Sandblasting / Washing / Grinding

 •  Infiltration

 •  Heat treatment for metal objects

3D Printing VS CAD/CAM3

Subtractive method such as CAD/CAM 

have some disadvantages-

1. Large amount of  raw material is wasted 
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 because of  unused portions of  the

 mono-blocks which are discarded after

 milling and recycling of  the excess

 ceramic is also not feasible.

2. Milling tools are prone to heavy abrasion

 and wear which shortens their cycling

 time (Fig. 2).

3. Due to brittle nature of  ceramic

 microscopic cracks can be introduced

 during the process of  machining. 

Uses Of  3D Printing in Dentistry

Implantology

Positioning the implants in improper 

locations has the effect of  decreasing the 

predictability of  the implant supported 

prosthesis. The use of  3D printing 

technology has gained popularity in dental 

implantology due to introduction of  

guidelines of  the surgical procedure to 

insert dental implant (Fig. 3). 

The first step in guided implant surgery is to 

run a CBCT scan on the patient, which 

provides a wealth of  information on the 

bone, bone density, soft tissue & anatomical 

landmark locations. An impression of  the 

patient’s mouth is captured either digitally 

or with intra oral scanner or with analog 

impression method from which a model is 

created and scanned. 

This creates an optical scan that provides a 

STL file that can quickly and simply be 

overlaid onto the DICOM (CBCT) file and 

provide a comprehensive STL file to be 

imported in the guided software. The 

clinician chooses the type of  implant 

system & implant size. With the help of  this 

data 3D printer prints surgical stents which 

are used during implant surgery for accurate 
4placement of  implant in patient’s mouth.

Prosthodontics

• Manufacturing of  custom trays.

• Manufacturing of  3D models of

 edentulous jaw for mock surgeries.

 Oblique learning      models.

• Crown & bridge copings & partial
5,6 denture frameworks.

 

• Manufacturing of  obturators & missing

 prosthesis like ear or eye.

Oral surgery

Anatomical models made using 3D printing 

method are a novel approach to surgical 

planning and simulation. Such method 

allows the replication of  anatomical items, 

including three dimensional physical 

models of  the jaw or skull, that allows the 

surgeon to obtain an overview of  the 

complex structures before surgery (Fig. 

4,5).

These 3D models help to minimize the risk 

that might occur during surgery. Also, the 

use of  jaw models for Simulation surgeries 

also helps in preparation of  bone graft & its 

adaptation to the surgical defect prior to 
7, 8actual surgery.

Orthodontics

In Orthodontics, treatment may be planned 

and appliance created or wires bent 

robotically based upon digital workflow 

using intraoral or laboratory optical 

scanning or even CBCT to capture patient 

data. The Invisalign® system digitally 

realigns the patient’s teeth to make series of  

3D printed models for the manufacture of  

aligners which progressively repositions the 

teeth over a period of  months/years. 

As data travels through the internet and 

smile design takes place in the software, 

there are huge potential savings in time. 

Again, patient data may be digitally archived 

and only printed when needed, with great 

savings in physical  storage-space 
3requirements  (Fig. 6).

Disadvantages Of  3D Printing

» Cost of  the 3D Printing models is still a

 major issue.

» The Stereolithography and digital light

 processing are available only with light

 curable liquid polymers & support

 materials must be removed.

» Also, the resin is messy & can cause skin

 irritation and it could also cause

 inflammation by contact and inhalation.

 

» Also, they present limited shelf-life &

 cannot be heat sterilized.

 

» Selective laser melting is extremely costly

 and a slow process.

Bioprinting

Three dimensional bioprinting is the 

utilization of  3D printing technique to 

combine cells, growth factors, & 

biomaterials to fabricate biomedical parts 

that maximally imitate natural tissue 

characteristics. 

Generally, 3D bioprinting utilizes the layer 

by layer method to deposit materials known 

as Biolinks to create tissue-like structures 

that are later used in medical and tissue 

engineering. This has an advantage of  

creating detailed biomimetic 3D structures 

& ability to imitate extracellular matrix 

(ECM).

4D Printing

4D Printing uses the same techniques of  

3 D  p r i n t i n g  t h r o u g h  c o m p u t e r  

programmed deposition of  materials in 

successive layers to create a three-

dimensional object. However, 4D printing 
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adds the dimension of  transformation over 

time. It is therefore a type programmable 

matter, wherein after fabrication process, 

the printed product reacts with parameters 

within the environment (humidity, 

temperature etc) & changes its form 

accordingly. 4D Printing allows the printed 

parts to change its shape and function with 

time in response to change in external 

conditions such a temperature, light, 
9electricity and water.

Conclusion

3D imaging and modelling are hugely 

impacting all the aspects of  dentistry. Even 

now, nearly everything we make for our 

patients can be made by 3D printers, but no 

single technology is sufficient for all our 

patients’ needs. The real excitement will be 

in direct production of  metal-based 

restorations for teeth and implant using 3D 

Printing. However, that is yet to become a 

routine in dentistry. Although 3D printers 

are becoming more affordable, the cost of  

running, materials, maintenance & the need 

for skilled operator must also be carefully 

considered. Also, there is a need for post-

processing & adherence to strict health and 

safety protocols. Despite these concerns, it 

is clear that 3D printing will have an 

increasingly important role to play in 

dentistry in future.

Fig. 1: 3d - Printer

Fig. 2: 3d - Milled crown (CAD/CAM) Fig. 3: 3d - Fabricated surgical stent

Fig. 4: 3d - TMJ condyle replacement

Fig. 5: 3d - Zygomatic implant

Fig. 6: 3d - Model (mandible)
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Abstract

Sialolith/Sialolithiasis is one of  the most common salivary gland 

disorders. They are calcified organic masses formed within the salivary 

gland ducts or gland itself. The submandibular gland is the most 

affected followed by the parotid and sublingual gland. This report 

presents with a symptomatic case of  an infected swelling in the floor of  

the mouth, with clinical and radiological findings supportive of  

submandibular duct sialolith, which self-exfoliated and measured 

1.2cm in size. The paper also presents a brief  overview of  various 

diagnostic imaging and treatment modalities for sialolith.

Key words: Sialolith, submandibular gland, Wharton’s duct, salivary 

glands, salivary calculi, sialoendoscopy

Introduction

Salivary gland diseases are very common, 

with obstructive sialadenitis being the most 

common non-neoplastic salivary gland 
1disorder.  This obstruction could be due to 

calculi, mucous plugs, foreign body, 

a n a t o m i c  v a r i a t i o n s  o r  d u c t a l  

malformations leading to mechanical 
2obstruction due to stasis of  salivary flow.  

Sialolith is derived from the words ‘sailon’ 

(saliva) and ‘lithos’ (stone). These are the 

calculi of  organic/inorganic masses within 

the excretory system of  the salivary glands 

causing ductal obstruction. They affect 

around 1% of  the population3 and are seen 

affecting males more than females. The age 
4prevalence is usually above 30 years.  

Salivary stones occur most frequently in the 

submandibular glands (80%–90%), 

followed by the parotid (5%–15%) and 

sublingual (2%–5%) glands and only very 
5rarely occur in the minor salivary glands.  

They can range from few millimetres to less 

than 1 cm in size. Sialoliths greater than 1.5 

cm are termed as giant sialoliths and have 

been rarely reported in the literature. They 
6occur equally on the right and left sides.

The exact etiological factor is still 

unknown but various factors associated 

are obstruction, reduced salivary flow rate, 

change in salivary pH, dehydration and 
7impaired crystalloid solubility.  According 

to one of  the theories, the formation of  

salivary calculi results from a central core 

comprised of  mucous plug, foreign 

bodies, desquamated epithelial cells or 

bacteria with surrounding layers of  

inorganic  sa l t s  of  ca lc ium and 
8phosphates.  Submandibular gland is 

affected the most because of  increased 

viscosity of  its saliva, its alkaline nature and 

relat ive higher concentration of  

hydroxyapatite and phosphates. Moreover, 

the ascending and tortuous anatomy of  the 

Wharton’s duct predisposes for calculi 
9,10formation.  Localised pain and swelling, 

which increases during meal-time with no 

apparent dental cause are few of  the 

classical symptoms leading the patients for 

dental consultation. Radiologically, OPG 

and occlusa l  radiog raphs revea l  

radiopaque masses in the region of  the 

duct or gland. Thus, a thorough clinical 

history and radio-imaging modalities are 

confirmatory of  sialoliths. 

Case Report

A 27-year-old male patient reported to the 

Department of  Oral Medicine and 

Radiology with complaint of  pain and 

swelling in the left floor of  the mouth since 

5 days. The onset of  pain and swelling was 

gradual, pain being dull, throbbing and 

intermittent in nature with increased 

discomfort during meals and increased in 

intensity since a day. Pain also radiated to 

the left side of  the lower jaw with no other 

associated systemic symptoms. Patient was 

on analgesics prescribed by local doctor 

which relieved the pain temporarily. Past 

dental and medical history was non-

contributory. Intra-oral examination 

revealed presence of  occlusal caries with 

#38, #46; occlusal caries with #37 and 

moderate  ca lculus  with g ingiva l  

inflammation and recession with lingual 

surface of  mandibular anterior teeth (Fig. 

1a). The left floor of  the mouth revealed a 

solitary, diffuse and mildly lobulated 

swelling in the region of  Wharton’s duct 

and crossing the midline. The swelling 
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extended from 41 to distal of  36, measuring 

1cmx1.5cm in dimensions. The mucosa 

over the swelling was inflamed and red with 

presence of  yellowish pus discharge at the 

opening of  left Wharton’s duct (Fig. 1b). 

On palpation, the swelling was firm, tender, 

non-compressible, non-fluctuant with 

moderately defined borders. Pus discharge 

was elicited on digital palpation. Left 

submandibular gland was non-tender while 

left submandibular lymph node was 

palpable and tender. Thus, it was 

provisionally diagnosed as sialolithiasis with 

secondary suppurative sialadenitis of  left 

submandibular gland. Differentials of  

suppurative sialadenitis of  left sublingual 

gland and sublingual space infection 

secondary to chronic periodontitis i.r.t. 

mandibular anterior teeth were also 

considered. 

Radio logica l  examinat ion with a  

true/standard mandibular occlusal 

radiograph with reduced exposure revealed 

an oval shaped radiopaque mass in the left 

submandibular duct region corresponding 

to #32 to #36 teeth (Fig. 2). This confirmed 

the diagnosis of  left Wharton’s duct 

sialolith. The supportive therapy for the 

patient aimed at maintaining optimum oral 

hydration. The patient was conservatively 

manag ed  w i th  an t ib io t i c s,  an t i -

inflammatory/analgesic drugs, sialogogues 

(Vit. C chewable tablets), with surgical 

excision of  the calculi planned post control 

of  suppuration. The patient reported back 

after 4 days with the exfoliated sialolith. The 

sialolith was oval shaped, rough surfaced, 

yellowish white in colour, stony hard in 

consistency and measured 1.2cmx0.8 cm in 

size (Fig. 3). There was reduced 

inflammation of  the mucosa over the left 

floor of  mouth with an ulcerated area at the 

orifice of  Wharton’s duct demarcating the 

area of  exfoliation of  the calculi (Fig. 4). 

Discussion

Sialoliths (salivary stones or calculi) are 

formed due to crystallisation of  the 

minerals in the saliva resulting in the 

b l o ck a g e  o f  s a l i va r y  d u c t  a n d  

inflammation/sialadenitis of  the salivary 

gland. The submandibular gland and its 

duct (Wharton’s) are affected more than 

parotid or sublingual. The Wharton’s duct 

runs along the lower edge of  mylohyoid 

muscle towards dorsal, takes a sharp bend at 

the posterior edge of  muscle and runs along 

the medial side of  sublingual gland toward 
11ventral and ends in sublingual papilla.  The 

diameter of  the Wharton’s duct is relatively 

constant throughout except at its opening 

which is narrower. Thus, the tortuous 

course of  Wharton’s duct, higher calcium 

and phosphate with increased mucin 

content and the dependant position of  the 

submandibular gland for salivary stasis 

makes it more susceptible for calculi 

formation. The etiological factors leading 

to sialolithiasis can be classified into two: 

salivary retention factors (irregular ductal 

a rch i tecture,  loca l  inf lammat ion,  

dehydration, anticholinergics and diuretic 

medications) and saliva composition 

(calcium saturation and lower levels of  

crystallisation inhibitors like phytate). 

Bacterial infection cause increase in salivary 

pH leading to calcium phosphate 
5supersaturation.  The organic substances 

c o m p r i s e  o f  g l y c o p r o t e i n s ,  

mucopolysaccharides and cellular debris 

whereas inorganic substances are mainly 

the calcium carbonates and phosphates. 

Chemically, it consists mainly of  

microcrystal l ine apatite (aspidinic 
12 13hydroxyapatite)  and whitlockite.  Various 

hypothesis have been proposed for 

pathogenesis of  sialoliths. The first theory 

states the intracellular microcalculi 

becoming a nidus for calcification when 
14excreted into the salivary duct.  Another 

theory proposes the role of  mucous plugs 

as organic nidus for further calcification.15 

In addition to these, the retrograde theory 
16of  sialolithiasis by Marchal et al  proposes 

the retrograde migration of  aliments, 

foreign bodies, bacteria into the salivary 

ducts becoming a nidus for further 

calcification. 
Clinically, it presents itself  with symptoms 

of  acute (if  infected secondarily) or 

gnawing pain with a gradual/sudden onset. 

At mealtimes, the obstructed salivary duct 

causes salivary retention syndrome 

(mealtime syndrome), gland swelling and 
17eventually pain.  Palpatory findings reveal a 

tender and firm to hard mass underlying the 

mucosa. Various imaging modalities have 

been used till date for diagnosis viz. 

traditional radiographs, Sialography, USG, 

CT,  CBCT,  MRI ,  in te r vent iona l  

radiography and Sialoendoscopy. Occlusal 

radiographs are the best views for 

submandibular gland sialoliths. Parotid 

gland sialolith can be visualised in a PA view 

with ‘blown out’ cheek view. Sialography is 

the visualisation of  the parenchyma of  

gland and its ductal structure post contrast 

administration. For years, it has been the 

preferred method for salivary gland 
18studies.  USG provides an excellent non-

invasive and non-ionising radiological 

choice in salivary stone diagnostics. Its 

sensitivity in detection of  non-opaque 

calculi is 80-96%. A typical USG image of  a 

stone involves an echogenic, round to oval 

structure producing an acoustic shadow. It 

also aids in evaluation of  any ductal and 
19 gland abnormalities.

CT has been proposed by many authors as 

the best method for salivary stone 

diagnosis, but its disadvantage lies in poor 

visualisation of  the gland and ductal 

architecture. In addition, it also leads to 

increased ionising radiation exposure and 
20relative higher cost of  examination.  With 

the advent of  CBCT, it has been possible to
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diagnose salivary stones with greater 

resolution, lesser radiation exposure and 

better visualisation of  structures. MR 

sialography (as a modality of  MRI) was first 

described in 1996 by Lomas et al. It allows 

for precise morphological evaluation and 

visualisation of  the salivary glands and their 
21tertiary branches as well.  MRI being non-

ionising and non-invasive, does not require 

cannulation, an alternative in acute 

inflammatory salivary gland diseases. 

Sialoendoscopy has dual advantage of  

being a diagnostic as well as a therapeutic 

modality. It allows for direct visualisation of  

the internal architecture of  the salivary 

ducts for any calculi, mucous plugs, foreign 
8bodies and polyps.  

The therapeutic goal is aimed based on the 

location, size, number of  calculi, 

superinfection and functional state of  the 

gland. Alleviation of  the patient 

discomfort, preservation of  maximum 

gland structure needs to be the priorities 
22while treating sialolithiasis.  Conservative 

and supportive management involves 

maintenance of  good hydration, gland 

massage after meals and administration of  

siaolgogues. Medical management aims at 

controlling the infection and alleviating 

pain by administration of  antibiotics and 

anti-inflammatory/analgesics. Invasive 

procedures consist of  Extra-corporeal 

(ESWL) or Intra-corporeal shock wave 

lithotripsy (ISWL), Sialoendoscopy and 

surgery. The ESWL and ISWL comprise of  

laser assisted fragmentation of  the sialolith 

into smaller portions to allow for natural 

flushing out of  the ductal system. 

Lithotripsy leads to stone fracture by 

producing a compressive wave that spreads 

through the calculus and an expansive wave 

that pits it and induces its cavitation. The 

shock-waves are generated extra-

corporeally using piezoelectric and 

electromagnetic techniques, or intra-

corporeally using electro-hydraulic, 
23pneumatic or laser endoscopic devices.  

Conclusion

Being the most common salivary gland 

disorder, sialolithiasis can be easily 

diagnosed on collection of  complete 

clinical history and radiological imaging 

techniques. The treatment needs to be 

planned according to the size, extent and 

location of  the calculi within the salivary 

gland or ductal system. The use of  micro-

invasive procedures and non-ionising 

imaging modalities should be preferred 

while defining treatment modalities. 

Fig. 1 a & b: (Intra-oral) Inflammation and  swelling associated with the left Wharton’s duct & pus discharge

Fig. 2: Mandibular true occlusal radiograph: 
Reveals an oval shaped radiopaque calculus 

in the left sublingual space

Fig. 3: Exfoliated salivary calculus measuring 

1.2 cmx0.8 cm

Fig. 4: Healing showing reduction in inflammation 

& an ulceration over the mucosa
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Abstract

Most genetic disorders are present in early childhood, some even in 

utero. The diagnosis and management of  genetic disorders are 

therefore an important part of  foetal medicine and Paediatrics, 

including Paediatric Dentistry. Clinical genetics, which traditionally is 

responsible for genetic counselling, is an important collaborator. This 

article summarises the recent findings in genetics and elaborates about 

its benefits as well.

Introduction

Genetics is a branch which deals with 

science of  potentials. It deals with the study 

of  biological information and transfer from 

cell to cell, from parents to their offspring, 

and thus from generation to generation. 

Genetics has revealed that individuals share 

99.9% of  their DNA sequences and their 

characteristics. Thus, the remarkable 

diversity of  humans is seen in about 0.1% 
1of  our DNA.  Genetics is the science of  

heredity and its variation. It plays an 

important role in the determination of  
2individuality characteristics.  The term 

“genetics” conveys with the two different 

concepts: Firstly genetics deals with the 

study of  inherited characteristics, and 

secondly genetics deals with the study of  

cellular processes controlled by DNA. 

Developmental defects of  teeth which can 

occur as the isolated genetic traits, can be 

a s soc i a t ed  w i th  a  ch romosoma l  

abnormality or syndrome, or can be 

inherited as a complex trait with the genetic 
3and env i ronmenta l  in terac t ions.  

Numerous hereditary syndromes have been 

associated with congenitally missing teeth. 

Often paediatric dentists are the first 

healthcare practitioners to document 

dysmorphic characteristic features in a 

child. It is important for them to have a 

knowledge of  molecular genetics because 

the sensitivity and specificity of  molecular-

based diagnostics have revolutionized the 
4diseases and disorders.  

Historical Perspective 

Stent (1971) showed that the first evidence 

of  inheritance was taught and developed 

by Hippocrates in the fifth century BC in 

Greece. Hippocrates’ ideas can be termed 

as ‘bricks and mortar theory’ which states 

that the hereditary material consists of  

physical matter. His postulates state that 

the elements from all parts of  the body 

became concentrated in  the male semen 

and then formed into a human in the 

womb. He also believed in the inheritance 
5of  acquired characteristics.

The advent of  protein and DNA

Sequencing had launched a new era of  

phylogenetics. Species could now be 

compared at the biological molecular level. 

The information age is essential to the 

genomics. The electronic analysis, 

distribution and storage of  the genomic 
6data is a hallmark of  the science.

Fundamentals of  Genetics

The genome contains the entire genetic 

component of  a set of  chromosomes 

present within the cell or an organism. 

Within the genome are the genes that 

represent the smallest physical and 

functional units of  inheritance that reside 

in the specific sites called ‘loci’ or ‘locus’ 
7for a single location site.  The term ‘gene’ 

was first coined by Wilhelm Johannsen in 

the year 1909. The gene was first defined as 

the unit of  genetic information that 

controls a specific aspect of  the pheno-

type. At a more fundamental level, the gene 

has been defined as the unit of  genetic 

information that specifies the synthesis of  
8a single polypeptide.

 Functions of  Genes 

Genes accomplish their functions:

1.  Through the replication that results in
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 more units like themselves. 
2.  Through a transcription and
 translation process, whereby proteins
 that function as determiners in
  metabolism of  cell are synthesized.
3.  Genes act by the determining the
 structure of  proteins, which are
 responsible for directing the cell
 metabolism process through their

9 activity as enzymes.

Genetics and dental caries

Genetics in dental caries through Twin 

Studies: Dental caries is a disease of  the 

dental hard tissues, characterized initially by 

the decalcification of  tooth. Studies on the 

aetiology of  dental caries suggested that 

both genetic and environmental factors 

might be concerned with the development 

of  dental caries process. Several major 

genes have been identified which influence 

the condition of  defective formation of  

enamel or dentine leading to the 

development of  rampant caries in such 
6teeth.  

Genes and Saliva

Human saliva is a compound mixture of  

proteins. Kauffman and Keller estimated 

that as much as two thirds of  parotid 

salivary proteins belong to a caries process 

and contribute to the greater monozygotic 

similarity in dental caries experience. The 

other factors are:
1) Salivary factors and oral flora,
 2)  Tooth eruption time and sequence,
 3)  Tooth morphology,
 4)  Arch shape, 

75)  Dental spacing,

Genetic modification of  dental enamel 

altering susceptibility

Amelogenin, the protein product of  the 

AMELX Xp22.3- p22.1 and AMELY Yp11 

genes, is considered to be critical for normal 

enamel thickness and structure of  tooth.8 

Amelogenin is likely to be the candidate 

gene for caries susceptibility in humans and 

has differential expressions in males versus 
9females.  Mutations and deletions in 

amelogenin cause one of  the forms of  X-

l inked Amelogenes i s  imperfec ta .  

Ameloblastin is expressed during the 

differentiation of  inner enamel epithelium 

into ameloblasts, with intense localization 

in the Tomes processes of  secretor 
10ameloblastic cells.

Genetics and Chromosomal Disorders

1.  Chromosomal disorders are caused by
 abnormality in the chromosome
 number or their structure.
2.  Mendelian disorders are caused by
 abnormality of  a single gene.
3.  Non-Mendelian disorders are caused by
 mitochondrial mutations or altered
 gene expressions resulting from the
 imprinting. Chromosomal disorders are

11 congenital or acquired.
Acquired chromosomal disorders are 

important in the pathogenesis and 

evolution of  hematologic, solid organ 
12malignancies.  Congenital chromosomal 

disorders  occur in the rat io of  

approximately 1 in 150 live births; they, with 

the exception of  X and Y chromosomal 

disorders which occur in paediatric age 

groups. Trisomy 21 Syndrome or Down’s 

syndrome or mongolism, is one of  the most 

common identifiable malformation 

syndromes. In 1866, Langdon Down 

published an essay in England in which he 

described a set of  children having common 

features who were distinct from other 

children with mental retardation, as 
14―Mongolian idiocy.

Cytogenetics 

Genes that may have input into Down 

Syndrome include: Superoxide Dismutase 

(SOD1): over expression may lead to 

premature ageing and decreased function 

of  the immune system; its role in Senile 

Dementia of  the Alzheimer's type or 
15decreased cognition is still speculative.

Cherubism

(Hereditary fibrous dysplasia of  the jaws, 

familial intraosseous swellings of  the jaws, 

familial multilocular cystic disease of  the 

jaws) It is a hereditary condition that 

produces firm, painless swellings that occur 

bilaterally in the jaws, especially over the 

mandibular angles or regions.16 The impact 

of  cherubism lesions was on the 

development and eruption of  the primary 

and permanent dentition and varies 

depending on the time of  onset and severity 

of  the extending lesions. The alignment of  

primary teeth can be disturbed. Disruption 

in the secondary dentition can include 

absent teeth (mostly molars), and 
17anodontia.

Amelogenesis Imperfecta 

(AI) is a group of  inherited defects of  

enamel formation that show both the 

clinical and genetic heterogeneity. In its 

mildest form, AI causes discolouration, 

while in the most severe presentation the 

enamel is hypo mineralized leading to 

abrasion of  the teeth shortly after their 

eruption into the mouth. Both the primary 
18and permanent dentitions are affected.

Genetics and periodontal diseases 

Periodontal diseases are a heterogenous 

group of  diseases characterized by different 

degrees of  pathological changes in 

periodontium. It results in the destruction 

of  the supporting structures and most of  

the destructive processes involved are host-

derived factors.

Early onset periodontits (Aggressive 

periodontitis)

Aggressive periodontitis was previously 

classified as early onset periodontitis. It was 

included as pre-pubertal, juvenile and 

rapidly progressive forms of  periodontitis. 

Aggressive periodontitis was classified as 
19localized or generalized.  In localized 

ag gressive periodontit is,  there is  

interproximal attachment loss on at least 

two permanent teeth (first molars and 

incisors) with attachment loss on no more 

than two teeth other than first molars and 

inc i sor s.  Genera l i zed  ag g res s ive  

periodontitis patients exhibit generalized 
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interproximal attachment loss including at 

least three teeth that are not first molars and 
20incisors.

Gingival Enlargement 

It is the overgrowth of  gingiva identified by 

an expansion and accumulation of  the 

connective tissue fluid with occasional 

presence of  increased number of  cells in it. 

Gingival enlargement may result from the 

chronic gingival inflammation. It may occur 

as a drug-related side effect in some 
21individuals.

Genetic Testing

Genetic screening denotes assays 

undertaken on a population wide basis to 

recognise the individuals at risk. Genetic 

testing is designed to provide a definitive 

diagnosis treatment; these are performed 

because of  positive screening results, family 

history, ethnicity, physical stigmata, or other 
22multifactorial reasons.

 Diagnostic testing

Diagnostic testing is done to diagnose or 

rule out the specif ic genetic or 

chromosomal conditions.

Carrier testing

Carrier testing is used to recognise people 

who carry one copy of  Gene mutation 

characters that, when present in two copies, 
23 cause a genetic disorder.

Prenatal diagnosis 

Used to diagnose changes in a foetus genes 
24or chromosomes before the birth.  

Genetic Counselling

Modern genetic counsel l ing is  a 

communication process between a 

healthcare professional trained in genetics 

and an individual and family affected by 

inherited diseases. The goals of  this process 

include, spreading the knowledge of  

medical and dental fact, to understand the 

contribution of  hereditary conditions and 
25their risk factors.

Conclusion

Genetic disorders are now-adays seen to be 

attended with less importance than other 

diseases in public health problems. In 

underdeveloped countries, neonatal and 

natal infant mortality is mostly due to lack 

of  knowledge and ignorance in prevention 

among publ ic.  Therefore,  bet ter  

understanding of  genetic causes of  diseases 

can facilitate early detection in high risk 

individuals.
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Abstract

Any dental professional can encounter an emergency during the course 

of  their treatment. Dentist should have the knowledge to identify and 

manage the medical emergencies in dental practice. Prompt recognition 

and efficient management of  an emergency by the specialist results in a 

satisfactory outcome. The ultimate goal in the management of  all 

emergencies is the preservation of  life. The purpose of  this article is to 

provide a review to the commonly occurring dental emergencies and 

their management.

Introduction

Medical emergencies in the dental office are 

an unavoidable part of  the profession. 

Even though precautions to prevent such 

events are undertaken, these events are 

inevitable, and the dentists must be 

prepared and is expected to manage any 

medical emergencies which may arise in 
1practice. Malamed  reported in his book 

that 96.6% of  respondents of  a survey 

among practicing dentists had a medical 

emergency occurring in the office. 

Emergency situations can occur at any 

point during the patient’s visit to the dental 

office. The patient’s anxiety about the 

procedure can cause an event in the waiting 

room or even intra-operatively. These 

emergencies may be related directly to 

dental therapy, or they may occur by chance 

in the dental office environment. Although 

just about any medical emergency can occur 

during the course of  dental treatment, best 

practice dictates that dental personnel must 

be prepared to provide effective basic life 

support (BLS) and seek emergency medical 

services in a timely manner. 

This article aims to provide the dental 

practitioner with an overview of  common 

medical emergencies, emergency adjuncts 

and medications.

      Medical emergencies which may be 

encountered in the dental office are as 

follows:

1. Vaso-vagal syncope

2. Postural hypotension

3. Acute adrenal insufficiency

4. Respiratory distress

5. Foreign body airway obstruction

6. Hyperventilation

7. Asthma

8. Heart failure and acute pulmonary

  edema

9. Diabetes Mellitus: Hyperglycemia and

  Hypoglycemia

10. Cerebrovascular accident

11. Seizures

12. Angina 

13. Allergy 

14. Acute myocardial infarction 

15. Cardiac arrest

Emergency equipments

Basic devices used for management of  

airway embarrasement should be available 

in each dental office (Box 1). Dental office 

staff  should be prepared at all times to 

provide 100% oxygen through a portable 

source, such as an E cylinder or an installed 

oxygen portal on the wall with use of  a face 

mask, nasal cannula or use of  non-

rebreather mask. Oral airway equipment, 

such as nasopharyngeal and oropharyngeal 

airway devices, can also be very useful in 

managing airway obstructions in case of  

airway emergencies. Dental professionals 

and office staff  should routinely run 

emergency drills in their dental office (Box 

2). It is of  utmost importance that the 

dental professional makes sure that all the 

emergency equipments and oxygen tanks 

are full and operational at all times. This 

can be ensured by running emergency 

drills in the dental office to see if  the staff  

is prepared to deal with emergencies and 

the equipments are functioning properly.

The immediate availability of  an 

automated external defibrillator (AED) 

adhering to the American Heart 
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Association’s (AHA) 2015 guidelines is an 

evolving standard of  care in all health care 

settings. The AHA has made early 

defibrillation an integral part of  the BLS 

chain of  survival for the treatment of  
2patients in cardiac arrest.  Primary 

assessment should be carried out by using 

the basic regular monitoring instruments 

t h a t  i s  a  s t e t h o s c o p e  a n d  a  

s p h y g m o m a n o m e t e r .  T h e  

sphygmomanometer should be along with 

adult small, medium and large cuff  sizes. 

Vital signs monitoring can be done using an 

automated device which provide 

physiological data, including systolic, 

diastolic and mean blood pressure, along 

with the patient’s oxygen saturation level, 

heart rate and temperature. 

Emergency medications

Every dental practitioner should maintain 

an emergency kit with key basic drugs for 

emergencies in the clinic (Box1). These 

drugs can be administered via various 

r o u t e s ,  s u c h  a s  s u b c u t a n e o u s ,  

intramuscular, sublingual, IV or intra-

osseous routes. It is recommended that the 

dental clinics have a designated person who 

will regularly inspect the emergency 

equipment’s and the medications in the 

emergency kit to ensure that they are not 

expired and perform a timely check 

confirming that all oxygen tanks are full and 

operational. The following is a list of  

emergency medications, their specific 

indications and guidelines regarding their 

dosage.

Oxygen

Hypoxemia is a common phenomenon in 

many medical emergencies. Multiple routes 

are available for delivery of  oxygen, and the 

authors recommend that all offices should 

have a bag-valve-mask device (Ambu-bag, 

Ambu, Ballerup, Denmark) and a full face 

mask to allow for positive-pressure 

ventilation. Oxygen should be available in a 

portable source, ideally in an ‘‘E’’-size 

cylinder which holds over 600 liters. This 

should allow for more than enough oxygen 

to be available for the patient until 

resolution of  the event or transfer to a 

hospital. If  the typical adult has a minute 

volume of  6 liters per minute, then this flow 

rate should be given as a minimum. If  the 

patient is conscious, or unconscious yet 

spontaneously breathing, oxygen should be 

delivered by a full face mask, where a flow 

rate of  6 to 10 liters per minute is 

appropriate for most adults. If  the patient is 

unconscious and apneic, it should be 

delivered by a bag-valve-mask device where 

a flow rate of  10 to 15 liters per minute is 

appropriate. A positive pressure device may 

be used in adults, provided that the flow rate 
2,3does not exceed 35 liters per minute.

Respiratory Stimulants: Aromatic

 Ammonia

Syncope or vasodepressor syncope is the 

most commonly encountered medical 

emergency in the dental office. Rapid 

regaining of  consciousness can be achieved 

by placing patients in the Trendelenburg 

position to enhance the cerebral perfusion, 

administering supplemental oxygen, and 

using aromatic ammonia. Aromatic 

ammonia, when cracked or crushed and 

held under the nose, allows the release of  a 

noxious odor that stimulates the respiratory 
2,3and vasomotor centers of  the medulla.

Anti-hypoglycemic Agents: Glucose

Hypoglycemia is another commonly 

encountered phenomenon in the dental 

offices. It may arise due to skipped meals by 

the patient. Every dental clinic should have 

oral hypoglycemic agents to increase blood 

glucose levels in conscious patients with 

hypoglycemia. Simple sources, such as fruit 

juice, cola, or candy are sufficient for 

conscious patients; however, oral 

formulations of  glucose should never be 

administered to unconscious patients 

because of  the risk of  aspiration. If  patients 

are unable to swallow and the dentist can 

obtain IV access, dextrose 50% in water can 
2be administered with IV.

Anti-platelets: Aspirin

If  patients are experiencing chest pain and 

there is a suspicion of  myocardial infarction 

or ischemia, aspirin should be given to chew. 

Rapid and sustained anti-coagulative effects 

are achieved by having patients chew for 30 

seconds and then swallow a non–enteric-

coated aspirin (325mg). Administering 

aspirin to patients with severe bleeding 

disorders and allergies to aspirin should be 
3done with caution.

Nitroglycerine

Nitrog lycer ine,  a  vasod i l a tor,  i s  

recommended for the relief  of  acute chest 

pain in patients who have a past history of  

angina or undiagnosed angina with 

symptoms of  myocardial infarction. 

Recommended dose for nitroglycerine 

tablets is 0.4 mg administered sublingually 

or in the form of  trans-lingual spray every 5 

minutes up to 3 doses. The aerosol form 

does not require special storage and has a 

longer shelf-life than the tablet form, which 

requires storage in light resistant containers 
3,2and loses potency after 12 weeks.

 Albuterol 

A bronchodilator, such as albuterol, is used 

in the treatment of  patients with acute 

wheezing and bronchospasm secondary to 

asthma. These agents can be used 2 or 3 

times every 1 or 2 minutes up to 3 times as 

needed. Albuterol is available in a metered-

dose inhaler and is the most selective of  the 

�2-agonists, which cause bronchial smooth 
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2,3muscle relaxation.

Epinephrine

Epinephrine, a sympathomimetic drug, acts 

on α-adrenergic and β-adrenergic receptors. 

Epinephrine can be administered as auto-

injections or preload syringes or ampules: 

1 : 1000  so lu t ion  subcu taneous l y,  

intramuscularly; adult dose of  0.3mg, 

ch i ldren  0 .15mg.  The  benef ic i a l  

pharmacological actions of  epinephrine are 

bronchodilation and increased systemic 

vascular resistance, arterial blood pressure, 

heart rate, myocardial contractility, and 
4myocardial and cerebral blood flow.

Diphenhydramine

Diphenhydramine is histamine blocker 

used to reverse the effects of  mild or 

delayed onset allergic reactions. It is 

available in oral and parental forms. A dose 

of  50mg of  diphenhydramine can be 

administered intramuscularly or 25 to 50mg 
3orally every 3 to 4 hours.

Emergency medications for

 intravenous sedation

Various injectable drugs including 

a n a l g e s i c s ,  a n t i c o n v u l s a n t s ,  

ant ichol inergics,  ant ihyper tensive,  

corticosteroids, vasopressors, and reversal 

agents, with the other emergency 

medications should be present in the dental 

clinics. Dentists who are trained to 

administer  genera l  anesthes ia  or  

intravenous sedation would be expected to 

have additional drugs.

These dentists should have a patent 

intravenous line in place and therefore drug 

administration could use this route, which 

may be considered ideal. It may be assumed 

that dentists without advanced training in 

anesthesia or sedation may not be proficient 

in venipuncture. In this case, the 

intramuscular route of  administration, 

which can include the intralingual injection, 

would be appropriate. The intralingual 

intramuscular injection should provide a 

more rapid onset of  action compared with 

the more traditional sites, although not as 
5rapid as intravenous.  The main advantage 

of  intravenous drugs is the rapid onset of  

action. In certain conditions, IV route is 

preferred over the oral route. This holds 

true especially when the patient is 

unconscious or uncooperative for the 

administration of  drugs via the oral route.

Anticholinergics

Anticholinergic medications bind onto the 

muscar in ic  receptors.  These  are  

parasympatholytic agents. When activated, 

these receptors cause parasympathetic 

effects on specific organs. The three 

primary anticholinergic medications are 

atropine, glycopyrrolate, and scopolamine. 

These medications are useful in the 

management of  hypotension. Atropine has 

the fastest onset time and is used to treat 

bradycardia in emergency situations. It 

blocks vagal stimulation to the heart 

allowing for unopposed sympathetic 

stimulation. The typical dose to treat 

bradycardia is 0.5mg IV. Additional drug 

can be titrated to effect with a maximum 

dose of  0.04 mg/kg. Dosing of  less than 0.4 
5mg has been shown to cause bradycardia.

Ephedrine

Aside from parasympathetic suppression, 

another method of  managing hypotension 

is adrenergic agonism. Ephedrine displays 

both α1 and β1 adrenergic agonism. In turn, 

the drug causes increased peripheral 

vascular resistance, positive cardiac 

chronotropic, and positive cardiac 
6,7inotropic action.  It is useful in the 

treatment of  moderate to severe 

hypotension, particularly in situations when 

patients are bradycardic. Typical dosing is 

5mg bolus every 10 minutes and titrated to 

desired effect. Onset time can be up to 10 
7minutes.

Phenylephrine

Phenylephrine is another useful adrenergic 

agonist used in the management of  

hy p o t e n s i o n .  U n l i ke  e p h e d r i n e ,  

phenylephrine is a selective α1 agonist. 

Usage results in peripheral vasoconstriction 

causing increased blood pressure. This 

medication is useful when patients have 

tachycardia or a normal heart in the 

presence of  hypotension. It has a fast onset 

and short duration of  action of  5 to 10 

minutes. A total of  100mg should be 

administered every 10 to 15 minutes for the 

hypotension. Reflex bradycardia typically 

accompanies administration. The clinician 

should be mindful of  the heart rate when 
6treating hypotension with this medication.

Naloxone

Fentanyl is almost universally used in IV 

sedations in the dental office. Respiratory 

depression and over sedation can occur 

when fentanyl is overdosed. Naloxone is an 

opioid antagonist that will reverse all of  the 

effects of  opioids, including analgesia, 

respiratory depression, and chest wall 
8rigidity.  Dosing is 0.4mg to 2mg IV and can 

be titrated in increments of  0.1 mg to 
5effect.  Caution must be exercised, as the 

duration of  action of  naloxone is 30 to 45 

minutes. If  residual opioids are still present, 

it is possible for their effects to manifest 

again.

Flumazenil

Among opiates, benzodiazepines are used 

in most IV sedations, specifically 

midazolam. Effects of  this class of  

medication include anterograde amnesia, 

sedation, and anxiolysis. Usual dose is 
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0.1mg to 0.2mg incrementally titrated to 

1.0mg.6 Like naloxone, the effects the 

benzodiazepine medication can be present 

after flumazenil has been metabolized. 

Caution should be exercised when 

flumazenil is used in patients with epilepsy.

Labetalol

Labetalol is used in the management of  

hypertension. This medication blocks �1 

and �1 adrenergic receptors. In turn, it 

decreases peripheral vascular resistance and 

sympathetic stimulation to the heart. In 

larger doses, labetalol can block �2 

adrenergic receptors and lead to increased 

a i r w a y  r e s i s t a n c e .  D o s a g e  

recommendations are 20 mg initially 

followed by an additional 20 mg at 10-
10minute intervals.  Precaution must be used 

in patients with asthma, bradycardia, and 

congestive heart failure as the agent can 

exacerbate these conditions.

Additional drugs

1. Glucagon

The presence of  this drug allows 

i n t r a m u s c u l a r  m a n a g e m e n t  o f  

hypoglycemia in an unconscious patient. 

The ideal management of  severe 

hypoglycemia in a diabetic emergency is the 

intravenous administration of  50% 

dextrose. Glucagon is indicated if  an 

intravenous line is not in place and 

venipuncture is not expected to be 

accomplished, as may often be the case in a 

dental office. The dose for an adult is 1mg. 

If  the patient is less than 20kg, the 

recommended dose is 0.5 mg. Glucagon is 

available as 1mg formulation, which 

requires reconstitution with its diluent 
5immediately prior to use.

2. Atropine

This anti-muscarinic, anti-cholinergic drug 

is indicated for the management of  

hypotension, which is accompanied by 

bradycardia. The dose recommended is 

0.5mg initially, followed by increments as 

necessary until one reaches a maximum of  

3mg. Paradoxically, doses of  less than 

0.4mg have been associated with induction 

of  a bradycardia, likely due to atropine’s 
5central nervous system’s actions.

3. Ephedrine

This drug is a vasopressor which may be 

used to manage significant hypotension. It 

has similar cardiovascular actions 

compared with epinephrine, except that 

ephedrine is less potent and has a prolonged 

duration of  action, lasting from 60 to 90 

minutes. Similar precautions as noted with 

epinephrine administration should be 

considered when given to a patient with 

ischemic heart disease. For the treatment of  

severe hypotension,  i t  i s  ideal ly  

adminis tered in  5mg increments  

intravenously. Intramuscularly it should be 
5given in a dose of  10 to 25mg.

4. Corticosteroid

Administration of  a corticosteroid such as 

hydrocortisone may be indicated for the 

prevention of  recurrent anaphylaxis. 

Hydrocortisone may also play a role in the 

management of  an adrenal crisis. The 

notable drawback in their use in 

emergencies is their relatively slow onset of  

action, which approaches one hour even 

when administered intravenously. This is 

the reason why these drugs are not 

considered essential, as they are of  minimal 

benefit in the acute phase of  the emergency. 

There is low likelihood of  an adverse 

response with one dose. The prototype for 

this group is hydrocortisone, which may be 

administered in a dose of  100mg as part of  
5the management of  these emergencies.

5. Morphine

Morphine is indicated for the management 

of  severe pain which occurs with a 

myocardial infarction. Advanced Cardiac 

Life support recommendations list 

morphine as the analgesic of  choice for this 

purpose. The dose involves titration in 1 to 

3mg increments intravenously until pain 

relief  is accomplished. This should be 

guided by a decrease in blood pressure and 

respiratory depression. Extreme caution 

should be used in the elderly. If  an 

intravenous line is not in place, 

consideration can be given to administering 

morphine in a dose of  approximately 5mg 

intramuscularly. Again, lower doses need to 
5be considered for the older patient.

6. Naloxone

If  either morphine is included in the 

emergency kit, or opioids are used as part of  

a sedation regimen, then naloxone should 

also be present for the emergency 

management of  inadvertent overdose. 

Doses should ideally be titrated slowly in 
50.1mg increments to effect.

7. Nitrous Oxide

Nitrous oxide is a reasonable second choice 

if  morphine is not available to manage pain 

from a myocardial infarction. For 

management of  pain associated with a 

myocardial infarction, it should be 

admin i s te red  wi th  oxygen ,  in  a  

concentration approximating 35%, or 
5titrated to effect.

8. Injectable Benzodiazepine

The management of  seizures which are 

prolonged or recurrent, also known as 

s t a t u s  e p i l e p t i c u s ,  m ay  r e q u i r e  

administration of  a benzodiazepine. In 

most dental practices, it would not be 

realistic to assume that the dentist could 

achieve venipuncture in a patient having an 

active seizure. This leads to the need for a 
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water-soluble agent such as midazolam or 

lorazepam. Lorazepam has been reported 

as the drug of  choice for status epilepticus 

and can be administered intramuscularly.  

Adult doses to consider for lorazepam are 

4mg intramuscularly, or midazolam 5mg 

intramuscularly. If  an intravenous line is in 

place, these drugs should be slowly titrated 
5to effect.

9. Flumazenil

The benzodiazepine antagonist flumazenil 

should be part of  the emergency kit when 

oral or parenteral sedation is used, as these 

techniques are usually based on effective 

use of  benzodiazepines. Dosage is 0.1 to 
50.2mg intravenously, incrementally.

Conclusion

Urgent and emergent medical emergencies 

can and do occur in the dental office. 

Preparedness of  the dental office staff  and 

their prompt recognition of  these 

emergencies will be the most important 

factor in dealing with the emergencies in 

any dental office. Accomplishing this 

depends on the combination of  training 

and preparation by the dentist and staff  

members and the immediate availability of  

basic equipment and the knowledge of  

medical emergency drugs.
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Abstract

A 32 yr old patient was endodontically treated for radiolucency in 

relation to the roots of  maxillary central incisors suspecting it to be case 

of  radicular cyst. Although, palatal swelling still persisted, enucleation 

was carried out along apicectomy of  both maxillary central incisor 

Histopathological evaluation confirmed the diagnosis of  nasopalatine 

duct cyst (NPDC). An incorrect interpretation of  cystic radiolucency in 

relation to maxillary central incisors can often lead to inappropriate 

treatment planning. This case highlights the relevant aspects in 

diagnosing NPDC and emphasises the importance of  thorough clinical 

examination and relevant investigations for any periapical 

radiolucencies.

Introduction

Nasopalatine cyst is the most common 

non- odontogenic cyst of  the jaws as 
1reported by Shear, It is 11%.  Nasopalatine 

cyst is thought to be derived from 

embryological cord of  epithelial cells that 

courses around the paired nasopalatine 

neurovascular bundle. Because of  the 

paired nature, nasopalatine foramina are 
2sometime two separate foramina.  The 

nasopalatine duct cyst originates from the 

remnants of  epithelial cell of  nasopalatine 

duct. The most likely causes are infection, 

retention phenomenon of  the blocked 

mucous glands, epithelial remnants of  the 

Jacobson’s organ, trauma, ill-fitting 
3dentures or idiopathic.  The clinical 

applications and the treatment vary 

depending on the nature of  these entities 

necessitating the importance of  accurate 

diagnosis. This article presents a case of  

NPDC, which was accidentally managed by 

root canal treatment following an 

erroneous diagnosis of  a radicular cyst in 

relation to the maxillary central incisors but 

the cystic lesion turned out to be 

nasopalatine duct cyst.

Case report

A 32-year-old man reported with a chief  

complaint of  a painless swelling in the 

palate in relation to the maxillary central 

incisors. The swelling was initially noticed 

about 3 months ago. There was no history 

of  trauma or mobility of  the associated 

teeth. A mucoid discharge drained out 

from it infrequently. Considering it to be 

an infected dental cyst, endodontic 

treatment was initiated. However, the 

swelling showed no signs of  regression. 

The swelling was soft, fluctuant and 

measured 1.5x1.5cm. Patient was 

explained about the severity of  the lesion 

and after obtaining informed consent and 

routine blood investigation, patient was 

posted for surgical enucleation of  lesion 

along with apicectomy of  both maxillary 

central incisor. The specimen was excised 

under local anaesthesia and was sent for 

histopathological examination fixed in 

10% formalin.  Histopathological  

investigation confirmed the diagnosis of  

nasopalatine duct cyst (Fig. 1 & Fig. 2)

Histopathological Examination

Section shows presence of  cystic cavity 

lined by respiratory epithelium which was 

pseudostratified ciliated columnar in 

nature. The surrounding connective tissue 

wall was fibrous with mild amounts of  

chronic inflammatory cell infiltrate and a 

few capillaries. Normal salivary mucous 

gland acini are seen in close association 

with the cyst (Fig. 3).

Discussion

Nasopalatine duct cyst develop in the bony 

channel located at the anterior tip of  the 

suture line of  the palatal apophyses of  

maxillary bones. Their mean size varies 
4from 6mm to 17mm.  It is seen in 1% of  

5total population. . The diagnosis and 

management of  periapical radiolucency is 

intriguing and equally challenging. The 

management of  the lesion by endodontic 

procedure was based only on the 

radiographic presentation of  a well-

defined cystic lesion in relation to the roots 

of  both the maxillary central incisors pre-

empting the lesion to be of  dental origin. 

As the swelling did not regress following
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Fig 1: Intraoperative photograph 
after enucleation of  cystic lesion

Fig. 2: Periapical radiograph 
showing radiolucency in 
relation to both maxillary 

central incisor

Fig. 3: Cystic lining showing pseudostratified 
 ciliated columnar epithelium. (H&E 10X)
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initial treatment, the patient had been 

explained about the severity of  the lesion 

and surgical intervention confirmed that 

the cystic lesion was NPDC. The most 

prominent feature, which confirmed the 

diagnosis of  NPDC, was the presence of  a 

cystic lining which varied from stratified 

squamous to pseudostratified ciliated 

columnar epithelium. It has been suggested 

that the reasons for this epithelial diversity 

are the proximity of  the lesion to the nasal 

cavity and the pluripotentiality of  the 
3,6embryonic epithelial remnants.  It is 

important to distinguish these cysts from a 

radicular cyst, and a wide incisive canal. A 

radicular cyst is mostly associated with non-

vital teeth and generally involves the roots 

of  teeth with loss of  continuity of  the 

lamina dura. On the other hand, the NPDC 

is typically associated with vital teeth. These 

cysts can be well-circumscribed, ovoid, 

round, pear or heart-shaped radiolucent 

areas located in between the roots of  the 

maxillary central incisors with the 

continuity of  the lamina dura generally 
7maintained.  Even altering the horizontal 

angulation of  a intraoral periapical 

radiograph changes the position of  the 

image of  the NPDC whereas, radicular cyst 

is at same position around the apex of  the 
8central incisor.  In general there are wide 

variety of  lesions which give same 

radiological  appearance including 

developmental cysts, infections and 

malignancies without any relationship to 

the pulpal status and therefore do not 

resolve after endodontic intervention. 

There are diversities in surgical modality of  

treatment of  these lesions. In a study of  805 
9periapical biopsy specimens, Kuc et al  

concluded that a histopathological 

examination contributed clinically relevant 

information in 5% of  cases. There are a few 

reports cited in literature where NPDC has 

been mistakenly diagnosed as radicular 
10,11,12,13cyst.

Conclusion 

In conclusion, we describe a case of  NPDC 

that was diagnosed as a radicular cyst. 

Although periapical pathologies appear to 

be quite distinct in presentation, 

considerable care has to be taken by the 

clinician in delivering appropriate 

t r ea tment .  T hus  an  appropr i a t e  

interpretation of  clinical, radiographic and 

histological features has to be applied in 

diagnosing any radiolucent lesion.
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Abstract

Successful endodontic therapy primarily depends on aseptic conditions 

and disinfection. Sometimes bacteria may persist leading to reinfection 

or treatment failure. Lesion sterilization and tissue repair treatment 

involves the use of  a triple antibiotic mixture in a suitable vehicle, which 

is used to disinfect root canal systems as an alternative endodontic 

modality for infected primary teeth. This article reviews the evolution, 

rationale of  the technique, clinical procedures, indications, 

contraindications and factors affecting this technique

Introduction

Dental caries in deciduous teeth are 

commonly compounded by periradicular 

changes. Other compromising factors such 

as extensive root resorption, inadequate 

b o n e / p e r i o d o n t a l  s u p p o r t  o r  

uncooperative children etc imply that the 

tooth is beyond conservation by 

conventional endodontic procedures.  In 

such situations, extraction becomes the 

lone treatment option. Premature loss of  

primary teeth can bring about disturbances 

like ectopic eruption, space loss, alteration 

in eruption sequence, development of  

deleterious habits, functional and speech 
1impairment.  Preservation of  primary 

tooth, thus is the best space maintainer for 

its successor. Therefore, maximum efforts 
2should be made in saving them.

The morphology of  primary teeth mainly 

consists of  tortuous root canals, multiple 

accessory canals and abundant medullary 

bone spaces which may favor the spread of  
1infect ion .  Thorough mechanica l  

debridement may not always be possible 
3due to the slender, flared-out roots.  

Obtaining a hermetic seal in primary teeth 

is complicated due to the lack of  apical 

closure owing to physiologic root 

1resorption.  Presence of  resorbing roots 

require careful use of  irrigants to 

circumvent their excessive penetration in 
3the periapical tissues.  The proximity of  

the developing permanent tooth germ 

beneath the roots of  the primary teeth is 

also a cause of  concern in endodontic 
4therapy.

The key purpose of  Lesion Sterilization 

and Tissue Repair (LSTR) treatment is to 

diminish the microbial count in the root 

canal system. Conventionally, root canals 

are debrided by mechanical and chemical 

means. However, microbes present in 

deeper layers may sometimes persist even 

after conventional root canal treatment. 

Residual infection has always been an area 

of  ambiguity for dentists. 

Microbial load reduction is important 

before obturation as microorganisms play 

an important role in the initiation, 

progression and persistence of  periapical 

infection and/or inflammatory root 
5resorption.  To evade this situation, 

complete elimination of  bacteria should 

be ensured. In the modern era, a new 

standpoint which is less invasive and not as 

time-consuming could be a favored option 
6for both the patient and the clinician.

Lesion Sterilization and Tissue Repair

It is a technique that allows disinfection of  

dentinal, pulpal and periradicular area 

using a combination of  antibacterial drugs. 

This therapy aims to rule out causative 

bacteria by disinfecting the lesions and 

promoting tissue regeneration with the 
7host’s natural defense mechanisms.  The 

Cariology Research Unit of  Niigata 

University School of  Dentistry, Japan, 

2004, developed the concept of  LSTR 

which was 1st introduced by Hoshino in 
11990 and popularized by Takushige.  LSTR 

involves non-instrumentation or minimal 

instrumentation followed by placement of  

antibiotic mixture in a propylene glycol or 

macrogol vehicle (so it is also known as 

three mix MP pastes). The basic concept is 
8that "do not remove or touch and leave it".  

Sterilization with medicaments have 

shown 20 to 40% cleansing action and 

debridement. If  the procedure is 
1successful, tissue repair can be expected.  

Hoshino et al. used combinations of  

antibiotics like metronidazole 500mg, 

ciprofloxacin 200 mg, minocycline 100 mg 

in 1:1:1 ratio. Takushige et al. in 1998 used 
8the above antibiotics in the ratio 1:3:3.   

Terna Journal of  Dental SciencesTerna Journal of  Dental Sciences 2020;6(1):30-35



Composition
 

Components

  

Mode of action

 Ciprofloxacin 

 

Narrow spectrum

 

antimicrobial 

drug belongs to the 

fluoroquinolone group.
 

Acts by the inhibition of DNA 

Gyrase and assists

 

in

 

the 

destruction of gram-negative 

organisms.
 

Metronidazole
 

Narrow spectrum
 

Nitroimidazole
 
compound

 

Metronidazole permeates 

bacterial cell membranes, 

binds to the DNA and leads to 

very rapid cell death.  
 

Acts against gram positive and 

gram negative anaerobes. 
 

It is primary preference in the 

combination as it has a wide 

bactericidal spectrum against 

anaerobes that commonly 

occur in oral infections. 

Minocycline  Broad spectrum synthetic 

derivative of tetracycline 

Inhibits protein synthesis, 

collagenases, and matrix 

metalloproteinase.  

Destroys gram-positive, gram-

negative microorganisms as 

well as Spirochetes. 

Also augments
 

the growth of 

host cells on dentin, via the 

exposure of embedded 

collagen fibers/growth factors 

allowing successful 

revascularization and 

continued development of root 

to its normal length.9

 

Propylene glycol/ macrogol

  

Acts as solvent and enhances

 

diffusion of the medicaments 

deeper

 

into the dentinal 

tubules.
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Discolouration of  teeth is the major 

disadvantage of  minocycline, therefore 

other can be used as alternatives.  Various 

other combinations of  medicaments have 

10been tried such as:  

• Metronidazole and ciprofloxacin plus 

 amoxicillin/cefaclor/cefroxadine/Fos

 fomycin/ rokitamycin 

• Penicillin, bacitracin, or

 chloramphenicol and streptomycin

 (Grossman’s polyantibiotic paste) 

• Ledermix paste (triamcinolone-a

 corticosteroid and demeclocycline-a

 tetracycline antibiotic).

• Neomycin, polymyxin, and nystatin.

• Calcium hydroxide pastes.

• Chlorhexidine paste.

Sato et al, devised the use of  the present 

c o m b i n a t i o n  o f  a n t i m i c r o b i a l s :  

Metronidazole and ciprofloxacin which 

produced effective destruction of  all kinds 

of  endodontic pathogens (aerobic as well as 

10anaerobic).  Triple antibiotic paste is 

biocompatible as metronidazole and 

ciprofloxacin have shown the capacity to 

3 generate fibroblasts.

There is an assortment of  clinical 

10conditions wherein LSTR is indicated like:

1. Non-vital teeth

2. Primary teeth afflicted with pain and

 tenderness on percussion 

3. Teeth with grade 1 and 2 mobility

4. Presence of  abscess/ sinus tract

5. Advanced root resorption 

6. Strategically important teeth 

7. Severe bone loss

8. Radiolucency in the furcal area

9. Pulpless primary teeth in hemophilic

 patient 

10. Uncooperative patients 

11. Parents not willing for extraction can

 also be considered to be treated with

 LSTR.

1Contraindications:

1. The LSTR should not be a choice in

 children with known allergy to any of  the

  agents used 

2. Radiographic evidence of  excessive

 internal and external resorption

3. Cases with perforated pulpal floor or

 tooth nearing exfoliation

4. Children with infective endocarditis

5. Excessive bone loss in furcation area

 involving underlying tooth germ

Preparation of  triple antibiotic paste 

The most frequent combination is 

metronidazole,  c iprof loxacin and 

minocycline which was recommended by 

Takushige et al. The commercially available 

antibiotics are introduced in separate 

dappen dishes. The enteric coating of  each 

of  the tablets is removed by scraping the 

coating with a blade and the outer capsular 

material is peeled off  for the capsule. Each 

of  the components are then pulverized 

separately in a mortar and pestle. At this 

stage, in case the powder has to be stored, it 

should be placed separately in tightly 

capped porcelain containers in a dark place 

or the refrigerator to prevent light and 

moisture. The powdered components are 

taken in a clean glass slab/mixing pad. The 

triple antibiotic mixture has the utmost 

effect when seven parts of  powder are 

dispensed with one part of  solvent to 

ensure uniform consistency of  the mix. The 

final preparation should be a soft ball-like 

structure of  1 mm diameter. If  the mix is 

too soft, more three mix powder can be 

added. While for a flaky, dry or hard 

preparation more solvent should be added. 

Resultant opaque paste is to be stored in 

airtight containers. In case the mix turns 

translucent on storage it indicates 

contamination, therefore should to be 
11discarded.  

The clinical procedure

1. Administration of  Local anaesthetic

 (optional) 

2.  Rubber dam isolation

3.  Removal of  caries 

4. Preparation of  access cavity using round

 bur. 

5.  Extirpation of  necrotic pulp tissue

6. Irrigation with normal saline (0.9%) and

 sodium hypochlorite followed by drying

 the cavity with cotton pellet 

7. The ethylenediaminetetraacetic acid

 (EDTA) is a better alternative as it

 removes the smear layer effectively

 cleaning dentinal tubules, which due to

 increased patency could allow deeper

 penetration of  antibiotics.

8. The preparation of  medication cavity is

 done using a round bur at the canal

 orifice. The cavity should be 1 mm in

 diameter and a depth of  2 mm to receive

 the medication (Fig. 1)

9. A 20-gauge needle is placed 1-2 mm

 short of  working length and medication

 is injected into the canal using the backfill

 technique to the level of  the

 cementoenamel junction or

 lentulospirals can be used. 

10.Teeth are then restored with glass

 ionomer cement, and stainless steel
1 crown should be given.

Factors influencing the action of  triple 

antibiotic paste

1. Minimal concentration of  drug- The

 drug quantity should be sufficient

 enough to diffuse periapically and

 produce sterilization.

2. Type of  infection - Root canal infection

 is a mixture of  aerobic and anaerobic

 flora; this necessitates a combination of

 antibiotics to achieve complete

 sterilization. The use of  drug cocktail

 also prevents the development of

  resistant bacterial strains. 
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3. Systemic toxicity - The medicaments

 should not be detrimental to the host

 cells or cause any sensitivity/allergy to

  the patient.

4. Biocompatibility- The medicaments

 used should be biocompatible. 

5. Presence of  smear layer - Smear layer

 acts as a barricade affecting the

 permeability of  drug into apical dentinal

 tubules. Its removal helps in proper

 absorption of  medicaments, bringing

 about sterilization and disinfection.

 EDTA or ultrasonic cleaning or both can

 open up the dentinal tubules and

 increase penetration.

6. The LSTR helps to safeguard the

 deciduous tooth until its exfoliation, the

 permeability and porosity of  the pulpal

 floor region in deciduous teeth indicates

 a probable association between pulpal

 and periodontal tissues. The triple

 antibiotic paste can be easily distributed

 through these areas to beget a sterile

 zone, which is expected to promote
12 tissue repair.

Advantages

1. The technique is simple, short, easy and

 can be completed in a single visit.

2. Treatment time is relatively painless and

 economical. 

3. No/little instrumentation is needed 

4. No obturation is required 

5. Materials used are nonirritating to

  periapical tissues 

6. Periradicular pathosis of  permanent

 tooth with immature apices - Initially

 intra-canal medicaments like calcium

 hydroxide were used for apexification;

 these are now being replaced as they

 inhibit further root growth. Regenerative

 endodontics using triple antibiotic paste

 can allow root growth thus reducing the

 threat of  root fracture in a young

 permanent tooth which would otherwise

 normally occur with traditional

 ‘apexification’ procedures where the
.13 roots remain slender and weak

Disadvantages

1. Minocycline has staining effect on hard

 tissues of  the oral cavity. This may be due

 to a photo-induced reaction. The drug

 binds to calcium ion by chelation

 forming an insoluble compound with

 bluish gray hue. To rectify the same,

 Thibodeau and Trope suggested the use

 of  cefaclor instead of  minocycline. Sato

 et al. suggested two methods to prevent

 this, 

a. The first method is the application of

 bonding agent and curing it for 20

 seconds 

b. The second method is to use flowable

 composite and light cure it for 30
12 seconds.

2. The original mixture of  antibiotics is

 radiolucent in radiograph this can be

 overcome by adding iodoform.

3. Other concerns include allergic

 reactions, the chance for the emergence

 of  antibiotic-resistant bacterial strains,

 drug side effects and cyst formation if

 the focus of  chronic infection is left. The

 positive note to this statement is the

 volume of  these drugs used in LSTR is

 modest.14 

4. Concern regarding the hollow tube

 effect subsists in LSTR treated teeth due

 to the unfilled roots.  The root canal that

 are not filled could be infused with tissue

 fluids; further, it gets stagnated and

 ultimately form a nidus for infection;

 therefore, long term follow-up studies
14 are warranted.

Studies involving triple paste

Takushige et al showed normal physiologic 

root resorption of  primary teeth with 

periradicular lesions and; proper eruption 

of  successor teeth erupted without any 
8disorders after LSTR therapy.  Prabhakar et 

al. studied the clinical and radiographic 

success of  infected primary teeth using the 

triple antibiotic paste. They noted a 

statistically significant difference in the 

pulpectomy teeth which had 83% success 
15compared to 37% for pulpotomies.

Nakornchai compared the clinical and 

radiographic success of  3Mix and Vitapex 

for pulpectomy treatment, he concluded 

that 3Mix can be used as a root canal 

treatment agent in pulpally affected primary 
16teeth.  Jaya et al. evaluated and compared 

the clinical and radiographic effectiveness 

of  metronidazole and tinidazole in two 

groups of  patients with primary teeth and 

found both to be effective with no 

significant difference between the two 

groups. Tinidazole is a second generation 

synthetic nitroimidazole group of  drug and 

is more effective than metronidazole in 

anaerobic infections and produces lesser 
17side effects.

Trairatvorakul evaluated the clinical and 

radiographic success rates of  three mixed 

antibiotics in the non- instrumentation 

endodontic treatment of  primary 

mandibular molars. He concluded that 

using 3-mix-MP showed good clinical 

success but had a low success rate based on 

radiographic evaluation at 2-year follow-
13up.  Sato et al investigated the 3Mix MP 

paste combination in an in vitro study and 

found it to be very effective in the 

decontamination of  deep caries, necrosed 

pulp, and infected root canals of  primary 
12teeth.  Hoshino et al. found that a 

c o m b i n a t i o n  o f  c i p r o f l o x a c i n ,  

metronidazole,  and minocycline with a 

dilution 25 gm/ml of  paste has ability to 
18decontaminate infected root canal.  Alam 

et al. studied the susceptibility of  E. faecalis 

to the triple antibiotic paste invitro. He 

concluded that the 3-mix, at 100 µg/mL, is 
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completely capable of  inhibiting the growth 
19of  all strain.  

Ozlem reported use of  triple antibiotic 

paste for a traumatized immature tooth 

with a periapical lesion. Primary teeth with 

periradicular lesions with or without 

physiologic root resorption were treated 

successfully by the LSTR endodontic 
20therapy.

Conclusion 

Success of  endodontic treatment mainly 

depends on aseptic conditions. Residual 

microorganisms can cause reinfection 

leading to failure of  endodontic treatment. 

This results in waste of  time, money and 

energy. Moreover, pediatric patients have a 

short attention span and do not like lengthy 

treatment duration and repeated visits. TAP 

was successful in decreasing the microbial 

load thus promoting hosts natural healing 

process. When antibiotics are systemically 

administered, sufficient blood flow to 

infected region is required for them to act. 

Since local administration of  antibiotics 

does not depend on these factors, it can be a 

more effective method. The success of  

nonsurgical endodontic treatment depends 

on adequate cleaning, biomechanical 

preparation, asepsis and filling of  root canal 

with perfect apical sealing. LSTR therapy 

could be a viable treatment modality for 

infected/nonvital primary molars with 

poor prognosis and intended to be 

maintained for shorter duration in the oral 

cavity as natural space maintainers. Future 

research involving long-term follow-up is 

warranted in this regard.
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Fig. 1: Lesion sterilization and tissue repair for deciduous teeth (a) Deciduous teeth with 

physiologic root resorption (b) the succedaneous permanent teeth (1 and 2) final restoration by 

GIC (3) 3 Mix-MP in the prepared medication cavity (1 mm diameter and 2 mm depth)



References

1. Sain S, Reshmi J, Anandaraj S, George S,

 Issac JS, John SA. Lesion sterilization

 and tissue repair–current concepts and

 practices. Int J Clin Pediatr Dent.

 2018;11(5):446-50.

2. Grewal N, Sharma N, Chawla S.

 Comparison of  resorption rate of

 primary teeth treated with alternative

 lesion sterilization and tissue repair and

 conventional endodontic treatment: An

 in vivo randomized clinical trial. J Indian

 Soc Pedod Prev Dent. 2018;36:262-7.

3. Chakraborty B, Nayak AP, Rao A.

 Efficacy of  lesion sterilization and tissue

 repair in primary tooth with internal

 resorption: A case series. Contemp Clin

 Dent 2018;9:S361-4.

4. Belanger C. Pulp therapy for the primary

 dentition. Pediatr Dent 1988;10:257-67.

5. Windley W, Texeiera F, Trope M.

 Disinfection of  immature teeth with a

 triple antibiotic paste.  J Endo

 2005;31(6):439-43.

6. Bystrom A, Sundqvist G. Bacteriologic

 evaluation of  the efficacy of  mechanical

 root canal instrumentation in

 endodontic therapy. Scand J Dent Res

 1981;89:321–8.

7. Goswami S. Lesion sterilization and

 tissue repair in pediatric dentistry. SRM J

 Res Dent Sci 2018;9:79-82.

8. Takushige T, Cruz EV, Moral AA,

 Hoshino E. Endodontic treatment of

 primary teeth using a combination of

 antibacterial drugs. IntEndod J

 2004;37:132-8.  

9. Yassen GH, Chu TM, Eckert G, et al.

 Effect of  medicaments used in

 endodontic regeneration technique on

 the chemical structure of  human

 immature radicular dentin: an in vitro

 study. J Endod. 2013;39(2):269-73.

10.Bansal R, Jain A. Overview on the

 current antibiotic containing agents used

 in endodontics. N Am J Med Sci.

 2014;6(8):351-8.

11.Cruz EV, Kota K, Huque J, Iwaku M,

 Hoshino E. Penetration of  propylene

 glycol into dentine. Int Endod J

  2002;35:330-6.

12.Sato T, Hoshino E, Uematsu H, Noda T.

 In vitro antimicrobial susceptibility to

 combinations of  drugs of  bacteria from

 carious and endodontic lesions of

 human deciduous teeth. Oral Microbial

 Immunol 1993;8:172-6.

13. Trairatvorakul C, Detsomboonrat P,

 Success rates of  a mixture of

 ciprofloxacin, metronidazole, and

 minocycline antibiotics used in the non

 instrumentation endodontic treatment

 of  mandibular primary molars with

 carious pulpal involvement. Int J

 Paediatr Dent. 2012 May; 22(3):217-27.

14.Kayalvizhi G, Subramaniyan B, Suganya

 G. Topical application of  antibiotics in

 primary teeth: an overview. Journal of

 Dentistry for Children. 201315;80(2):71

 -9.

15.Prabhakar AR, Sridevi E, Raju OS,

 Satish V. Endodontic treatment of

 primary teeth using combination of

 antibacterial drugs: an in vivo study. J

 Indian Soc Pedod Prev Dent 2008;26:5

 -10.

16.Nakornchai S, Banditsing P, Visetratana

 N, Clinical evaluation of  3 Mix and

 Vitapex as treatment options for pulpally

 involved primary molars. Int J Paediatr

 Dent. 2010 May; 20(3):214-21.

17.Jaya AR, Praveen P, Anantharaj A,

 Venkataraghavan K, Rani PS. In vivo

 evaluation of  lesion sterilization and

 tissue repair in primary teeth pulp

 therapy using two antibiotic drug

 combinations. J Clin Pediatr Dent. 2012

 winter; 37(2):189-191.

18.Hoshino E, Kurihara-Ando N, Sato I,

 Uematsu H, Sato M, Kota K, et al.

 In-vitro antibacterial susceptibility of

 bacteria taken from infected root dentine

 to a mixture of  ciprofloxacin,

 metronidazole and minocycline. Int

 Endod J 1996;29:125-30.

 

Terna Journal of  Dental Sciences 35



Silver diamine fluoride- the latest 
caries management tool: a review

Dr. Aishwarya Kamble*

Dr. Farhin Katge**

Dr. Vamsi Krishna***

Dr. Komal Nanavati*

*Postgraduate student Department of  Pediatric and Preventive 

Dentistry, Terna Dental College, Nerul, Navi Mumbai.

**Professor and Head, Department of  Pediatric and Preventive 

Dentistry, Terna Dental College, Nerul, Navi Mumbai.

***Reader, Department of  Pediatric and Preventive Dentistry, 

Terna Dental College, Nerul, Navi Mumbai.

Key words: Silver diamine fluoride, dental caries, non-invasive, 

caries management

Abstract

Although silver diamine fluoride (SDF) had been used to arrest dental 

caries during 1970s in Japan, it had not been exposed much to other 

parts of  the world. Recently in many countries a 38% (44,800 ppm 

fluoride) SDF solution has been introduced to arrest caries and to 

reduce hypersensitivity in primary and permanent teeth. Application of  

SDF is a non-invasive and quick procedure used to arrest dental caries. 

Studies have found no severe pulpal damage after SDF application. 

However, it causes black discoloration of  the carious teeth and an 

unpleasant metallic taste. The low cost and simple application makes it 

an appropriate therapeutic agent to be used in community dental health 

projects. Thus, the availability of  a safe, efficient and equitable caries 

preventive agent like SDF appears to meet the WHO Millennium Goals 

and the US Institute of  Medicine’s criteria for 21st century medical care. 

This review discusses the current evidence and guidelines on the use of  

SDF in caries management.

Introduction

Dental caries is the most common 

pandemic on the globe which affects a large 

proportion of  the world’s population, 
1regardless of  gender, age and ethnicity.  In 

developing countries, due to poor access to 

basic oral care and the high cost of  

restorative treatment, children have their 

general health, social well-being and 

education opportunities affected by 
2untreated dental caries.

The traditional treatment for a cavitated 

tooth involves mechanical excavation of  

infected, irreversibly demineralized tooth 

structure and replacement with a restorative 

material. Treatment of  dental caries can be 

challenging requiring advanced skill of  the 

clinician and high cost of  instrumentation 

and materials as well as good cooperation 

from patient. Especially when dental caries 

present in very young children because of  

their limited coping ability, it can be an 

enigma for the clinician to remove all the 
3caries and give a proper restoration.  

A fluoridated agent - silver diamine fluoride 

(SDF) was hypothesized to have the ability 

to  ha l t  the  car ies  process  and 

simultaneously prevent the formation of  
3new caries.  It combines the antibacterial 

effects of  silver and the remineralizing 

effects of  fluoride, which is a promising 

therapeutic agent for managing carious 

lesions in young children and those with 

special care needs. Multiple in vitro studies 

document its effectiveness in reducing 

specific cariogenic bacteria and its 

remineralizing potential on enamel and 

dentin. The in vivo mechanisms of  action 
4are a subject of  ongoing research.

History

About 1000 years ago in Japan, there was a 

custom among the ladies to dye their teeth 

black called “Ohaguro” for expressing 

married. Although, it was tooth cosmetics 

at the same time, it is conceived to prevent 
5the dental caries.

As early as the 1900s, silver compounds 

were popular regimens for treating tetanus 

and rheumatism before antibiotics were 

invented. After the emergence of  

penicillin and other antibiotics in the 

1930s, research remarkably reduced in 

silver. However, due to the emergence of  

antibacteria l  resistance of  some 

antibiotics, interest in silver compounds 

reappeared in the 1970s. In dentistry, silver 

compounds have been used since 1840s to 

reduce the incidence of  caries in the 

primary dentition in the form of  silver 

nitrate. It was used as a caries-preventing 

agent for permanent molars, as well as a 

cavity sterilizing agent and dentin 
6desensitizer.  The silver nitrate solution 

was popularized by Howe who used it to 

arrest caries among disadvantaged children 

in Boston (USA) leading to the solution 

being termed ‘Howe’s solution’. The use of  

silver nitrate declined in popularity after 

this time, probably due to the advent of  

fluoride varnishes, increased access to 

surgical care and improved restorative 
7techniques.

The use of  ammoniacal silver fluoride for 

the arrest of  dental caries was pioneered by 

Drs Nishino and Yamaga in Japan, who 

developed it to combine the actions of  F- 

and Ag1 and led to the approval of  the first 

SDF product - Saforide (Bee Brand 

Medico Dental Co, Ltd, Osaka, Japan) in 

1970. Each millilitre of  product contains
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380 mg (38 w/v%) of  Ag(NH3)2F (Table 

1). They described its effects for arrest of  

dental caries in children, prevention of  

secondary caries after restorations and 

desensitization of  hypersensitive dentin. 

Product Name 

Cariostatic

Cariestop

Cariestop

Bioride

Saforide

Advantage Arrest

Fluoroplat V

Riva StarTM

Kids E SDF

SDF Concentration

10%

12%

38%

30%

38%

38%

38%

38%

38%

Country

Brazil

Brazil

Brazil

Brazil

Japan

USA

Argentina

United Kingdom

India

             Table 1. Commercially available preparations of  silver diamine fluoride (SDF)

Terminology 

There are various terms used in the 

literature to describe SDF (Table 

2). The term SDF is often 

colloquially used interchangeably 

Ammoniated silver fluoride 

Ammoniacal silver fluoride

Diamine silver fluoride 

Silver diamine fluoride (most commonly used spelling in the literature)

Silver diammine fluoride (most chemically correct description referring to the complex between ammonia molecules and a metal ion)

Diammine silver fluoride

Table 2. Different terminologies used to describe silver diamine fluoride.
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The US Food and Drug Administration 

approved SDF as a device for dentin 

desensitization in adults in 2014.

In 2015, the first commercial product 

became available in the United States: 

Advantage Arrest (Elevate Oral Care, LLC, 

West Palm Beach, FL) which is a 38% SDF 
4solution.

with silver fluoride (AgF), however 

these are two distinctly different 

compounds.

The bound ammonia in SDF 

confers  d i f ferent  chemica l  

properties on the compound, 

making it significantly more stable 

than AgF, which enhances the 

she l f - l i f e  charac ter i s t i c  by  

m a i n t a i n i n g  a  c o n s t a n t  
8concentration for a longer period.



Physical characteristics

Silver fluoride is a colourless aqueous 

solution containing silver ions and fluoride 

ions. It is highly alkaline (pH = 11) which 

requires a two-stage application procedure 

using SnF2 as a reducing agent. Silver 

diamine fluoride is claimed to be more 

stable and can be kept in a constant 

concentration. SDF is not as alkaline (pH = 

8-9) as AgF. It does not require a reducing 
3,5agent.

Mechanism of  action

In treatment of  exposed sensitive dentin 

surfaces, topical application results in 

development of  a squamous layer on the 

exposed dentin, which partially plugs the 

dentinal tubules. High concentration 

aqueous silver forms this protective layer. 

Decreased sensitivity in treated patients is 

consistent with the hydrodynamic theory 
9of  dentin hypersensitivity. 

Studies have indicated that silver interacts 

with sulfhydryl groups of  proteins and with 

deoxyribonucleic acid (DNA), altering 

hydrogen bonding and inhibit ing 

respiratory processes, DNA unwinding, 

cell-wall synthesis and cell division. At the 

macro level, these interactions effect 

bacterial killing and inhibit biofilm 
10,11formation.

The central mechanism for these diverse 

effects is proposed to be the interaction of  

silver with thiol groups by the following 

mechanism:

A/N − SH + AgX → A/N − S − Ag + HX

Where A/N represents amino (A) or 

nucleic (N) acids (respectively), SH 

represents a thiol group, Ag represents 

silver and X represents an anion (in the 

current example, diamine fluoride). This 

interaction indicates how silver containing 

compound, might interact with bacteria and 

mediate caries arrest through bacterial 

killing and inhibit caries progress through 
12the inhibition of  biofilm formation.

Silver and fluoride ions penetrate ~25 

microns into enamel and 50-200 microns 

i n t o  d e n t i n .  F l u o r i d e  c a u s e s  

remineralization and silver is responsible 

for antimicrobial action upon release by re-

acidification. Silver diamine fluoride 
9arrested lesions are 150 microns thick.

Artificial lesions treated with silver diamine 

fluoride are resistant to biofilm formation 

and further cavity formation, due to the 
10remnant ionic silver.  When bacteria killed 

by silver ions are added to living bacteria, 

the silver is re-activated so that effectively 

the dead bacteria kill the living bacteria in a 

“zombie effect.” This reservoir effect helps 

explain why silver deposited on bacteria and 

dentin proteins within a cavity has sustained 
13antimicrobial effects.

Shimizu and Kawagoe (1976)14 described 

three possible mechanisms of  action of  

SDF on caries.

1.The first mechanism may be the 

obturation of  dentinal tubules. Gottlieb15 

described that caries would be prevented by 

obturation of  the organic invasion road. 

The main invasion road of  caries in dentin 

is dentinal tubules. Because of  the 

obturation of  the dentinal tubules, the 

surface area of  dentin which may be 

attacked by caries will decrease and 

peritubular zone which is most easily 

demineralized part of  dentin may be 

covered with obturating materials (silver 

particles). 

2.The second mechanisms may be the 

cariostatic action of  the reaction products 

between SDF and mineral component of  
16the tooth. Selvig  showed that the fluoride 

treatment increased the resistance of  the 

peri- and inter-tubular dentin to acid 

decalcification and as a result, retarded the 

penetration of  acid into deeper layers of  the 

dentin. 

I t  has  been repor ted that  SDF 

(Ag(NH3)2F) reacts with the tooth mineral 

hydroxyapatite (HA)(Ca10(PO4)6(OH)2) 

to release calcium fluoride (CaF2) and silver 

phosphate (Ag3PO4) which are responsible 

for the prevention and hardening of  dental 

caries. A simplified chemical reaction was 

suggested as shown below.

Ca10(PO4)6(OH)2 + Ag(NH3)2 → CaF2 

+ Ag3PO4 + NH4OH 

CaF2 → Ca++ + 2F−

C a 1 0 ( P O 4 ) 6 ( O H ) 2  +  2 F −  →  

Ca10(PO4)6F2 + 2OH−

The Ag3PO4 that precipitates on the tooth 

surface is insoluble. The CaF2 formed 

provides a reservoir of  fluoride for the 

formation of  fluorapatite (Ca10(PO4)6F2), 

which is more resistant to acid attack than 

HA (Ca10(PO4)6(OH)2). Fluorapatite is so 

s t ab l e  tha t  i t  ex t r eme ly  r e s i s t s  

decalcification by acid and chelating agent. 

In addition, it is known that F− promotes 

calcification, and also restores lattice 

imperfection and improves the crystallinity 
3of  HA. 

3. The third mechanism may be the anti-

enzymatic actions of  the reaction products 

between Ag(NH3)2F and organic 

component of  the tooth. Its antibacterial 

properties arise from inhibition of  the 

enzyme activities and dextran-induced 

agglutination of  cariogenic strains of  
17 18Streptococcus mutans.  Yanagida et al.  

showed that dentin protein treated with 

Ag(NH3)2F had increased in resistance to 

collagenase and trypsin. These actions of  

Ag and Ag(NH3)2F to organic component 

of  the tooth may also be contribute to 

inhibit caries. 

Concentration of  sdf

The different commercially available 

preparations of  SDF are available, with the 

most commonly available concentration 

being a 38% solution. In a RCT involving 

976 schoolchildren followed-up at 6 

months, Yee and co-workers found that a 

one application of  12% SDF solution was 

ineffective for arresting carious lesions in 
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primary teeth, while the use of  38% SDF 
19was found to be effective.  This finding was 

supported by another RCT with a 30 month 

follow-up in which the 38% SDF was 
20clearly more effective than 12% SDF.

21Case selection for application of  sdf  

• Patients who may benefit from SDF 

include those:

• With high caries risk who have active 

cavitated caries lesions in anterior or 

posterior teeth; 

• Presenting with behavioural or medical 

management challenges and cavitated 

caries lesions;

• With multiple cavitated caries lesions that 

may not all be treated in one visit; 

• With dental caries lesions that are difficult 

to treat; and 

• Without access to or with difficulty 

accessing dental care. 

21Criteria for tooth selection include:  

•  No clinical signs of  pulpal inflammation 

or reports of  unsolicited/spontaneous 

pain.  

• Cavitated caries lesions that are not 

encroaching on the pulp. If  possible, 

radiographs should be taken to assess depth 

of  caries lesions. 

• Cavitated caries lesions on any surface as 

long as they are accessible with a brush for 

applying SDF. (Orthodontic separators may 

be used to help gain access to proximal 

lesions.)

SDF can be used prior to restoration 

placement and as part of  caries control 

therapy. Informed consent, particularly 

high-lighting expected staining of  treated 

lesions, potential staining of  skin and 

clothes and need for reapplication for 

disease control is recommended. 

Clinical applications of  silver diamine 

fluoride

1. To deal with the high caries prevalence 

in young children with a minimal invasion 
22approach: Hihara et al. (1994)  in Japan, 

23McDonald and Sheiham (1994)  in 
24London, Llodra et al. (2005)  in Cuba, 

25 Braga et al. (2009) in Brazil and Yee et al. 
12(2009)  in Nepal found that SDF is 

significantly effective in arresting the 

cavitated as well as incipient carious lesions. 

Arresting caries with 38% SDF provides an 

alternative when restorative treatment for 

primary teeth is not an option.

2. To arrest caries in anterior primary 

teeth of  young children: Chu, Lo and Lin 
26(2002)  found that SDF was effective in 

arresting dentin caries in primary anterior 

teeth in pre-school children in a 

Community-based Caries Control  

Program.

3. To prevent pit and fissure caries: 
27According to Sato et al. (1970) , due to its 

antibacterial and caries preventive property 

SDF can be effective for the prevention of  

pits and fissures caries of  the first 

permanent molar teeth. Nishino and 
28Massler (1977)  in their study mentioned 

that caries score of  Ag(NH3)2F treated 

teeth was significantly lower than the 

fissures treated with SnF2 8% or Ag(NO)3.

4. To arrest root caries: Epidemiological 

studies have shown that the incidence of  

root caries increases with age and the 

prevalence of  root caries in elders are high. 
29Two different studies by Tan et al. (2010)  

30 and Zang et al. (2013) mentioned that due 

to its high ability to arrest dental caries, 

annual application of  SDF is quite effective 

in arresting the caries on root surfaces.

5. To treat infected root canals: It has been 

31shown by Tanaka  that an aqueous solution 

of  AgF has powerful disinfectant and 

protein-coagulating actions and also has a 

considerably potent action, which occludes 

the dentinal tubules of  root canal wall in 

terms of  the electric resistance. 
32Hiraishi et al. (2010)  mentioned that 3.8% 

SDF has potential to be used as an 

antimicrobial root canal irrigant or 

interappointment dressing, especially in 

l o c a t i o n s  i n  w h i c h  p o t e n t i a l  

browning/blackening of  dentin by metallic 

silver is not a major concern. Mathew et al. 
33(2012)  found that SDF as an endodontic 

irrigant can effectively remove the microbes 

present in the canal and circumpulpal 

dentin. 

Drawbacks of  silver diamine fluoride

The inherent drawback of  SDF is the 

staining of  tooth and unpleasant metallic 

taste which has raised various aesthetic 
3concerns among children and parents.  To 

34overcome this limitation Knight et al.  

proposed to use Potassium iodide after 

application of  SDF. The free silver ions in 

solution react with Potassium Iodide to 

form a creamy white precipitate of  silver 

iodide crystals. Hence, free silver ions are no 

longer available to react with sulfur and 

other reagents in the mouth. A study by 
35Sayed et al.  evaluated the effect of  

Glutathione (GSH) bio-molecule on the 

reduction of  enamel and dentin 

discoloration after application of  38% SDF. 

They concluded that GSH can effectively 

minimize color changes after application of  

SDF, especially on enamel and to a lesser 

extent on dentin. Further research in this 

direction is still required.

SDF may also stain the skin and clothes. 

The stain caused by SDF on the skin, does 

not cause any pain and cannot be easily 

washed away. The following procedure is 
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suggested for removing the stain: (a) Wash 

out with running water, soap or ammonia 

water, if  immediately after staining. (b) If  

the discoloration is not removed and 

persists, apply the solution of  sodium 

hypochlorite or a bleaching powder (with 

caution in dyed cloth). Furthermore, 

gingival and mucosal irritation can occur. In 

most cases, the damage is transient, and the 

tissue affected turns white, but it will heal 

within 1–2 days. When the solution is to be 

applied very close to the gingiva, use a 

rubber dam or protect the gingiva with 
5Vaseline. 

Toxicity

In terms of  toxicity, a lethal dose (LD) of  

o r a l  a d m i n i s t r a t i o n  o f  S D F  i s  

approximately 520 mg/kg of  body weight, 

while an LD of  subcutaneous (under the 

skin) administration is 380 mg/kg of  body 

weight. One drop of  SDF contains about 

11.88mg of  SDF. The maximum number 

of  teeth that the manufacturer of  SDF 

recommends is not more than 5 sites at a 

time. One drop will often treat multiple 

teeth, but even if  5 drops were used in one 

sitting, that would be 59.4 mg of  SDF.

The Environmental Protection Agency 

(EPA) has set the long-term exposure limit 

at 1 gram of  silver to avoid argyria (a 

condition in which the skin turns purple or 

purple-gray due to excessive exposure to 

compounds containing silver). This 

condition has been reported after 

consumption of  colloidal silver (products 

marketed as dietary supplements or 

immune system boosters). One study found 

this to be 400 times the amount of  silver 

applied while treating 3 teeth at a time with 
9SDF. 

Methods on horizon

As an indirect pulp capping agent

5According to Yamaga et al. , if  SDF is 

applied in the presence of  softened dentin, 

it will arrest the subsequent progress of  

dental caries. It can be useful in cases where 

a small amount of  softened dentin remains 

after preparation of  cavities or abutment 

teeth, or when the softened dentin cannot 

be completely removed for a risk of  

exposing the pulp. Chu and Lo in their 

review article also proposed to use SDF as 

caries arresting agent in atraumatic 

restorative technique and as an indirect pulp 
8capping (IPC) agents.

36Gupta et al. (2011)  in their in vitro study 

found highest zone of  bacterial inhibition 

was found with SDF. In vivo part of  the 
37same study done by Sinha et al.  and it was 

mentioned that SDF has remineralizing, re-

hardening and antimicrobial efficacy and 

hence can act as effective IPT agent.

Silver modified atraumatic restorative 

treatment (SMART)

In these cases, SDF is applied and 

immediately restored with self-cure GIC in 

the same appointment. SMART attempts to 

combine three proven clinical procedures 

with high level of  evidence without 

violating any of  the individual principles:

1. Caries arrest with SDF

2. Partial caries removal

3. Placement of  conventional GIC 

restoration
38Santos et al.  examined whether, for 

underprivileged school children with 

cavities, treatment with 30% SDF gives 

better results than intermediate restorative 

technique (IRT) (Glass ionomer cement) 

for carries arrest. After 1 year, SDF showed 

better results than IRT for the arrest of  

cavities in deciduous teeth, indicating that 

its use for underprivileged communities 

may justify a paradigm shift in pediatric 

dentistry.

Conclusion

SDF has been used for over 40 years in 

dentistry; however, its use in the western 

world has increased and gained significant 

interest in the last decade. SDF has unique 

dis infect ion and reminera l i sat ion 

properties that can halt the caries process 

rapidly and perhaps reduce the need for 

traditional and more invasive operative 

procedures. 

The use of  SDF in paediatric dentistry may 

be a paradigm shift towards a more medical 

model of  caries management, leading to an 

effective, affordable and sustainable 

solution for high-risk children around the 

world. 
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Abstract

This study therefore aims to assess the oral health awareness among the 

students of  a dental college in Navi Mumbai. The students of  a dental 

college in Navi Mumbai were  provided with a questionnaire to evaluate 

their oral health awareness. The questionnaire consisted of  questions 

regarding brushing habits, aids, adjuncts to tooth brushing, bleeding 

and inflammation of  the gingiva. The result of  this study shows lack of  

oral hygiene awareness and limited knowledge of  oral hygiene practices 

even among dental students. Thus, it is important to conduct 

comprehensive educational programs to promote good oral health and 

create awareness about correct oral hygiene practices.

Introduction

India is the sixth biggest country by area is 

the second most populous country. Factors 

contributing to the steady rise in prevalence 

of  periodontal disease include poor oral 

health awareness. Annual health budget 

allotted is 2% of  Gross National Product 

but no specific budget is earmarked for oral 
1health . 

The Global Burden of  Disease Study 2016 

by the World Health Organisation 

estimated that oral diseases affected half  of  

the world’s population (3.58 billion people). 

Severe periodontal disease, which may 

result in tooth loss, was estimated to be the 

11th most prevalent disease globally. Oral 

health knowledge is considered to be an 

essential prerequisite for health-related 
2behavior.  Although only a weak association 

exists between knowledge and behaviour in 
3,4cross-sectional studies,  there are studies 

that establish an association between 
5,6knowledge and better oral health.

Good oral health can be ensured by 

prevention of  oral diseases and the the 

responsibility of  spreading oral health 

awareness lies in the hands of  dental 

7professionals.  The attitudes and practice 

of  dental  students ref lect their  

commitment to improve the oral health 

status of  the society. These attitudes 

should be developed and reinforced right 
8from under-graduate training.  Hence, we 

undertook this study on the oral hygiene 

awareness and practice among dental 

students.

Aim and objectives:

► To assess the oral health awareness 

among the students of  a dental college in 

Navi Mumbai.

► To learn about their oral hygiene 

practices.

► To provide insight into whether the 

undergraduate curriculum should be 

modified to emphasize on oral hygiene 

awareness.

Materials and methods:

► Pretesting
Prior to finalizing the questionnaire, it was 

pilot tested among a convenience sample 

of  30 subjects. Upon completion of  the 

pilot response, each subject was 

interviewed to gain feedback on the overall 

acceptability of  the questionnaire in terms 

of  length, language and clarity. These 

subjects were not recruited for the final 

sample.

► Validity
Assessment of  content validity - A panel 

of  seven academicians, who were subject 

experts, were asked to express their 

opinions in order to calculate the mean 

Lawshe’s Content Validity Ratio (CVR) 

which was discerned to stand at 0.97.
Assessment of  face validity: On 

assessment of  face validity 92% of  the 

participants found the questionnaire to be 

comprehendible.

► Assessment of  reliability: Internal 

consistency estimates of  reliability using 

Cronbach’s Alpha were computed. 

Cronbach’s alpha was found to be 0.8 

which showed a high internal reliability of  

the questionnaire.

► After approval from the Institutional 

Ethics Committee, 500 dental students of  

a college in Navi Mumbai were invited to 

participate in this survey which included 16 

questions.
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► An informed consent was taken from all the participants.

► Each subject was given 5 mins for completing the questionnaire and the questionnaires were collected immediately after completion.

Inclusion criteria:

1. The first, second, third and final year students. 

2. Interns.

3. Those willing to give informed consent.

Exclusion criteria:

1. Students not present at the time of  conduction of  the survey.

2. Those unwilling to participate in the  study.

Consent

I, hereby give my consent towards participating in a survey on oral hygiene awarness and practice among students. I understand that survey is 
being conducted by Dr. Shazneen Kandawalla, post graduate student of  the department of  Periodontology, that the information provided 
by me will be utilised for research purpose and that my identity will not be disclosed during the same.

                    Signature
Statistical analysis:

The obtained data were analysed using the Statistical Package for the Social Sciences (SPSS) software for windows version 20.0 (IBM SPSS-
Chicago, IL:SPSS Inc.). Pearson Chi-Square test was used for inter-group comparison and student t test was used for intra group 
comparison. 

A p value of  0.05 was used as a cut-off  level for statistical significance.

            

             Questionaire
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Results

The question asked was how often do you 

clean your teeth. Although 42.8% students 

said they brush twice daily, 41.4% students 

were brushing only once daily. Among the 

students who brush twice daily, a gradual 

rise in figures was noticed, as their 

education increased (Graph 1).

The next question was which technique 

do you use for brushing. It was observed 

that only 55.9% students used the correct 

brushing technique (modified bass 

method), whereas a statistically significant 

number, (p< 0.05) 44.1% students 

brushed incorrectly. It was observed that 

the number of  students who adopted the 

modified bass technique increased from 

the first year to internship (Graph 2).

Among the 55% students who rightly 

changed their toothbrush every 3 months 

were 24% first years, 49% second years, 

48.5% third years, 71% final years and 

74.5% interns. The frequency of  changing 

the toothbrush was incorrect in a 

whooping 45% students (Graph 3). When 

asked about their tongue cleaning habits, it 

was found that 13.7% students did not 

clean their tongue. However, the graph 

shows a gradual rise in number of  

students who performed tongue cleaning 

along with the increasing years of  dental 

education (Graph 4). Of  the 13.7% 

students who did not clean their tongue, 

28% first years, 22.8% second years, 

20.2% third years, 17.% final years and 

12.% interns experienced bad breath 

(Graph 5). It was noticed that, the number 

of  students using a mouthwash as an 

adjunct to tooth brushing increased from 

13% in the first year to 60% in internship. 

However, a stastically significant 56.7% 

(p<0.05) students refrained from using a 

mouthwash as an adjunct to tooth 

brushing (Graph 6).

The next question was have you noticed 

bleeding from your gums. Although 73.5 

% students did not experience bleeding 

gums, a stastically significant (p<0.05) 

26.5% students said that they have noticed 

the same. As per the graphs, it was 

observed that the values reduced as the 

students reached internship. This may be 

attributed to better oral hygiene with 

ascending level of  education (Graph 7). 

Statistics showed that only 12% of  

students got professional scaling and 

polishing done every six months and 

64.7% students (stastically significant) (p< 

0.05%) did the same only when they had 

some dental problem. Only 1% first year 

students got scaling done every six 

months and the number slightly rose to 

20.2% interns who followed the same 

practice (Graph 8).

Discussion 

This study highlights the fact that oral-

health awareness and practice of  dental 

students was insufficient but it improved 

with the increase in the level of  education. 

The introduction of  subjects such as 

Periodontology and Public health and 

Preventive Dentistry to students in the 

third year, appears to reflect this variation. 

Thus, it is vital to understand the 

importance of  preventive patient care so 

that the dental students will be well 

educated as future oral health providers. 
9,10  

Sharda and Shetty reported that the mean 

percentage behaviour scores of  final-year 

students were significantly higher 

compared to those of  the first year students 
11and this was in consistent with this study.

85.8% First year students use the incorrect 

brushing technique. 36% first year students 

and 31.5% second year students experience 

gingival bleeding. Only 1% first year 

students and 8.9% second year students get 

their teeth cleaned every six months! 

Thus, the results of  the current study 

point out to the poor oral hygiene 

awareness and practices especially among 

preclinical students.

This can be improved by:

1. The introduction of  oral hygiene 

awareness programs right from the initial 

years of  dental education.

2. Providing good clinical experience 

under skilled mentors.

3. Few changes in the dental cirruculum

The undergraduate dental education 

should include comprehensive programs 

in preventive care, including oral self-care 

regimens. Henzi D et al in 2007, 

mentioned that clinical experience is the 

best way to learn clinical sciences and to 

accomplish this, dental students need 
12exposure to more patients.  Although 

theoretical education about preventive 

dentistry is given during the third and final 

year, interns showed increased knowledge 

because of  more clinical experience. The 

results of  which are consistent with the 

present study.

Jasinevicius in 2006, suggested that Basic 

science and clinical medicine must be 

taught as a body and should reinforce 
13each other.  Divaris in 2008 mentioned 

that the dental curriculum should be 

scientifically based, clinically relevant and 
14it should promote social responsibility.    

Kumar H et al in 2017 reported oral 

health knowledge and attitude to be high 

among the dental students because it 

forms a part of  their curriculum. 

However, medical students showed better 
15practice of  oral health and hygiene.  All 

study participants of  the present study 

were dental students thereby decreasing 

the probability of  any bias related to 

misconceptions and errors in 

interpretation of  concepts. Thus, an 

improved oral self-care among dental 

students will enable them to motivate their 
16patients.
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► Even though confidentiality is 

maintained, scores depends on self-

reported data, which may be over or 

underreported due to social desirability. 

► Several areas such as knowledge 

regarding association of  chronic trauma 

and oral cancer, reasons for a delayed 

dental visit are yet unexplored.

► The present study is limited to a 

questionnaire. Intra-oral screening of  the 

students to explain answers to the 

questionnaire would be more desirable.

Conclusion

Thus, dental students are the corner 

stones of  dental health promotion. They 

are the future role models of  oral health 

education for their patients and the 

community at large. Thus, further 

emphasis on oral hygiene is necessary in 

undergraduate training by means of  

various educational programs to improve 

oral health knowledge and practice among 

them.

Graph 1: Graph depicting answer to question 
how often do you clean your teeth.

Graph 2: Graph depicting answer to the question 
which technique do you use for brushing

Graph 3: Graph depicting answer to the question 
how often do you change your brush

Graph 4: Graph depicting answer to the 
question do you clean your tongue

Graph 5: Graph depicting answers to the 
question do you experience bad breath

Graph 6: Graph depicting answer to the 
question do you use a mouthwash
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Graph 7: Graph depicting answers to the 
question do you experience bleeding from gums

Graph 7: Graph depicting answers to the 
question do you experience bleeding from gums
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Abstract

Special care dentistry is defined as, the improvement of  oral health 

in individuals and groups in society who have a physical, sensory, 

intellectual, mental, medical, emotional or social impairment or 

disability or more often a combination of  a number of  these factors. 

Individuals with special needs, viz patients with Autism spectrum 

disorder, Alzheimer’s disease, Down syndrome, or any conditions 

that make dental procedures more difficult are at a higher risk of  

dental disease, including periodontal disease than the rest of  the 

population. 

Thus, this article emphasizes on the thorough understanding and 

management of  patients with special needs.

Introduction

As reported by the United Nations, more 

than half  of  a billion people worldwide 

experience disabilities due to mental, 
1physical, or sensory impairment.  Special 

needs patients are those patients requiring 

“special consideration when receiving 

dental treatments because of  their 

developmental or cognitive conditions” 

(ADA 2017). This includes patients with 

Autism spectrum disorder, Alzheimer’s 

disease, Down syndrome, or any conditions 

that make dental procedures more difficult.
2 

A special needs patient is every individual, 

adult or child, who deviates physically, 

intellectually, socially or emotionally from 

what is considered normal with regard to 

patterns of  growth and development, and 

who therefore cannot receive a standard 

education, instead requiring special 

attention. The complexity in treating 

patients with special needs had led to the 

evolution of  special care dentistry. Special 

care dentistry extends beyond health 

management to the improvement of  oral 

health outcomes in patients with special 

needs who often have a combination of  
3different disabling conditions.

In the context of  dentistry, individuals 

with special needs are included in a 

segment of  patients considered special 

because, due to their deviation from the 

standard of  normality, they require special 

attention and specific approaches during a 

period of  their lives or indefinitely. In spite 

of  this unusual progress in medicine and 

dentistry, studies have shown that 

individuals with special health care needs 

have more risk of  developing dental 

problems and untreated dental diseases 

c o m p a r e d  w i t h  t h e i r  h e a l t h i e r  
4,5counterparts.  Studies have identified a 

high prevalence of  periodontal disease in 

special needs patients, with several factors 
6-9that justify this occurrence.

Literature review

Access to health care: Individuals with 

special needs have limited access to dental 

clinics due to their physical or mental 

disabilities that may hinder their approach 
6,7to dental clinics.   Moreover, the 

awareness and eagerness of  dental care 

providers to treat patients with special 

needs may impact access and thus their 
1,8,9oral health.

A study in Poland in 2014 assessed the 

access of  special needs school children to 

dental care services based on parents’ 

perception and found that the level of  

intellectual disability can play a role in the 

accessibility of  individuals with special 

needs to dental care services. In that study, 

parents of  children with mild disability 

reported facing fewer obstacles to access 

dental health care when compared to 

parents of  children with major disability, 

who experienced more access difficulties. 

This can indicate the degree to which the 

level of  training and education of  dentists 

can affect the access to dental care 
10 services.

The lack of  preparedness of  dentists to 

treat patients with special needs can 

influence their degree of  willingness to 

treat those patients. However, not all 

dentists have the perceived level of  

awareness to provide dental service to this 
11,12population.
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Quality of  care

Dental Education: In 1970’s Robert 
11Wood Johnson provided large grants to  

dental colleges in the USA to develop 

teaching programs for patients with special 
12needs or disabling condition.    In a  study 

done in Saudi Arabia, it was observed that 

dentists who treat patients with special 

needs are dental pediatrics; and there were 

no as such dental specialists to manage adult 

patients with special needs. They also 

observed that there were no structured 

denta l  prog rams or  courses  for  
4undergraduate dental students.  Lack of  

training and experience of  undergraduate 

dental students in dealing with patients with 

special needs was one of  the most observed 

issues that inhibits the treatment of  these 

patients. Most dental educators are 

specialists in their respective fields and have 

little or no interest in other dentistry fields.

Alertness and heartiness of  dental care 

providers: One of  the challenges regarding 

dental care for special needs patients is 

whether dental care students are adequately 

prepared to treat patients with special 
13needs.  According to the Commission on 

14Dental Accreditation (CODA)   which 

establishes new standards for dental care 

and dental hygiene, education programs 

should be provided to prepare future dental 

professionals to provide high-quality dental 

care to patients with special needs.  Thus it 

imperative to include these programs in the 
1 5predoctor curriculum.  More the 

experience dental students have with 

patients with special needs, the more able 

and willing they will be to handle these 
16patients.  Finally, this illustrates the 

importance of  constructing high-quality 

dental education programs to make 

undergraduate dental students increase 

their willingness to treat patients with 

special needs now and throughout their 
17,18 careers

Cost of  health care service:

One of  the major issues associated with the 

quality of  clinical services provided to 

patients with special needs is the knowledge 

of  the health care provider and insufficient 
19treatment.  The lack of  awareness due to 

inadequate knowledge and training of  

dentists in treating patients with special 

needs can lead to not producing any desired 

ef fect ,  which can br ing  fur ther  

complications of  oral health problems, and 

also increasing the cost burden. Even 

though oral health care is relatively 

affordable, it becomes costly when it is 

disregarded due to the lack of  timely 

approach to dental care services. Dao et al. 

pointed out that if  patients with special 

needs have limited access to dental care due 

to the lack of  preparedness of  dental care 

providers, it will lead to more oral 

complications for these patients that will be 

costly to the government and patients. 

Nevertheless, the study pointed out that 

dental students who participate in 

programs to treat patients with special 

needs have more willingness and 

competence to treat these patients in the 
20future.

Scales measuring preparedness and 

willingness: 

Several studies have been directed towards 

dental students and dental health care 

providers to measure the factors 

influencing their behaviors that may limit or 

improve the access of  patients with special 

needs to dental clinics.

These studies attempted to measure the 

preparedness, experience, knowledge, 

attitudes, and perceptions of  the dental care 

providers in regard to treating patients with 
21,22,23special needs.  The studies were directed 

at different target populations, where some 

targeted decision makers at dental teaching 

institutions while others targeted clinical 

dental care providers and some studies 

targeted alumni and/or current students. 

Some of  the reviewed scales were self-

developed by the authors, while others 

adapted scales from the literature, and most 

of  the reviewed studies did not mention the 

development of  their scales. Most of  the 

reviewed studies either did not mention 

validation of  their scale or conducted face 

and/or content validity. Only one study 

mentioned conducting construct validity by 
24conducting inter-item correlation.  None 

of  the reviewed scales were fully validated.

Management of  patients with special 

needs: 

Management of  special needs patient is a 

challenge to the dentist, as there is lack of  

awareness regarding their treatment. A 

thorough case  h i s tor y  involv ing  

examination of  patient should be done, also 

pre-consultation written medical history 

with medications, history of  pain and 

discomfort, oral hygiene habits should be 

recorded. Counselling the patient and/or 
25carer is of  utmost importance.

A convenient appointment time should be 

given to the patient, thus providing the 

dentist an opportunity to extend the 

appointment duration if  needed. A 

thorough oral prophylaxis should be done. 

In addition to it strategies to efficiently 

remove plaque such as color-coded 

brushes; manual or electric toothbrush; 

floss or interdental brushes; high-fluoride-

concentration toothpaste; preventive 

mouthrinse can also been incorporated. 

Periodontal care should be incorporated 

with the overall treatment plan. Teeth with 

poor prognosis should be extracted. 

If  any surgical treatment is needed then it 

should be discussed thoroughly with the 

treatment plan, and the patient/carer 

should be informed about the risks and 

outcomes of  the treatment. The patient 

should be recalled at regular intervals to 

check for their oral health. Therefore, 

education and training for the patient 

and/or the care should be done to achieve 

an effective outcome.

Conclusion

Patients with special needs are likely to 

experience poor oral health and have 

limited access to dental care services. This 

leads to an increase in oral health disease of  

patients with special needs, and if  it is not 

treated, it will be costly to the government 

and patients themselves. There is limited 

data in dental literature describing the effect 

of  dental care providers training and 

willingness regarding treating individuals 

with special needs. Therefore, it is 

important to fill this gap of  knowledge by 

studying dental care providers.

There is need for increased didactic and 

clinical preparation of  dental/medical 

school graduates in the care of  individuals 

with special health needs. The interest 

expressed by health profession educators in 

an effort to develop appropriate curriculum 

modules provides an opportunity to 

prepare new graduates for the care of  an 
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increasing population of  individuals with 

disabilities.
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Abstract

Facebow has been used in routine practice for the accurate mounting 

of  the cast on the articulator. So, the articulator represents the patient in 

carrying out the laboratory phase. Leveller used instead of  an 

infraorbital pointer could be used as a third point of  reference. This 

article is a brief  overview of  facebow and simple & accurate use of  

leveller.

Introduction

The accuracy of  mounting the working 

casts is of  primary importance because it 

represents the anatomic & functional 

relationships of  the maxillomandibular 

articulation of  the patient. It requires the 

dentist to follow the guidelines to facilitate 

the laboratory phase of  construction & 

reduce the amount of  time required for 
1adjusting the final prosthesis.  Several steps 

have to be considered when transferring the 

mouth records of  an edentulous patient to 
2the articulator & facebow is one of  it.  

While using facebow, the anatomic 

references are the mandibular condyles, 

transverse horizontal axis & one other 
3-5selected anterior point.

Anterior reference point is any point on the 

midface that, together with two posterior 

reference points, establishes a ‘reference 

plane’. The vertical position could be 

determined by the various anterior 
6reference points.  The maxillary cast in the 

articulator is the baseline from which all 

occlusal relationships start & it should be 

positioned in space by identifying three 

points, which cannot be on the same line. 

The plane is formed by two points located 

posterior to the maxillae & one point 
7located anterior to it.

History  
          
Bonwill in 1860 used a standard for 

mounting his casts in the articulator.  He 

desired the equidistant triangle made by 

center of  each condyle & the median 

incisal point of  lower teeth which is 10 cm 

(approx 4 inch) & this helped him in 

positioning the cast about midway 

between the upper & lower part of  the 
3articulator.

Hayes in 1880 introduced an apparatus 

that was a tong-like device which he called 

‘Caliper’ (Fig.1). This instrument was not 

used as the facebow as it is used today, but 

it did relate the median incisal point to its 

distance from the condyles. There was no 

control of  the proper orientation of  the 
3, 4occlusal plane.

Walker in 1890’s invented the ‘clinometer’ 

an instrument that it would have been 

possible to obtain a relatively good value 

for the position of  the lower cast in 

relation to the condylar mechanism 

3(Fig.2).

Gysi at the start of  19th century 

constructed an instrument for registering 

the condyle path & he employed his 
3apparatus as “Facebow”.

About the same time Snow developed an 

instrument, which has become the 

prototype for all the later constructors of  

the facebows.  He used the instrument to 

transfer the position or location of  axis to 
3the articulator.

Facebow is a caliper like instrument used 

to record the spatial relationship of  the 

maxillary arch to some anatomic reference 

point or points & then transfer this 

relationship to an articulator; it orients the 

dental cast in the same relationship to the 

opening axis of  the ar t iculator.  

Customarily, the anatomic references are 

the mandibular condyles, transverse 

horizontal axis & one other selected 
5anterior point.

Anterior reference point is any point on 

the midface that, together with two 

posterior reference points, establishes a 

‘reference plane’.
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The facebow involves two basic steps – 

1) Locating the condylar axis &
2) Relating the upper arch to the axis.

The facebow registers the glenomaxillary 

r e l a t i o n s h i p  i n  t h r e e  p l a n e s  

(anteroposteriorly, laterally & vertically). 

The anteroposterior & lateral positions are 

determined by the anatomic relationship 

between the maxillae & the glenoid fossa. 

The vertical position could be determined 
6by the various anterior reference points.

The maxillary cast in the articulator is the 

basel ine from which al l  occlusal 

relationships start, & it should be 

positioned in space by identifying three 

points, which cannot be on the same line. 

The plane is formed by two points located 

posterior to maxillae & one point located 
7anterior to it (Fig.3).

7Posterior points of  reference:-

Beck in 1959 suggested two points to be 

“clinically” the hinge axis.

1) Bergstorm point:- A point 10 mm 

anterior to the center of  spherical insert for 

the auditory meatus & 7 mm below 

Frankfurt horizontal plane. Beck concluded 

that this point most frequently is closest to 

the hinge axis (Fig.4).

2) Beyron point:- A point 13 mm anterior 

to the posterior margin of  the tragus of  the 

ear on a line from the center of  the tragus to 

the corner of  the eye. Beck identified it as 

the next most accurate posterior point of  

reference (Fig.5).

7Anterior point of  reference:-

The act of  mounting the cast achieves 

greater importance using a constant third 

point of  reference & repeatable posterior 

points of  reference. When three points are 

used, the position can be repeated, so that 

different maxillary casts of  the same patient 

can be positioned in the articulator in the 

same relative position to the end controlling 

guidance. The different anterior points of  

reference are: 

1) Orbitale: the lowest point on

  infraorbital rim

2) Orbitale minus 7 mm 

3) Nasion minus 23 mm

4) Incisal edge plus articulator midpoint

 to articulator axis horizontal plane

  distance  

5) Alae of  the nose                    
Investigators have noted that the Frankfurt 

horizontal plane is usually parallel to the 

floor when an individual is in an upright 

position. Cephalometrically, the Frankfurt 

plane is described as a horizontal plane that 

passes through the right & left porion (the 

midpoint on the upper margin of  external 

auditory meatus) and the orbitale (the 

lowest point on the infraorbital rim). It 

would be more logical to orient the 

maxillary cast to this plane so that the 

articulator would more accurately represent 

the patient. Clinically this is done by the use 

of  infraorbital pointer that is attached to the 

facebow. The end of  the pointer is placed at 

the lowest margin of  the infraorbital rim. 

When transferred to the articulator, the end 

of  the pointer is placed in level with the 

infraorbital indicator, thus orienting the 

maxillary cast to the axis-orbital plane, 

which closely parallels the Frankfurt 
7horizontal plane.

Thus, the plane of  occlusion, when viewed 

on the articulator, will be similar to that of  

the patient in an upright position. This also 

provides the effect of  relating the plane of  

occlusion to the opening axis of  the 

articulator. Gordon F. C. Ho & Sydney F. 
8Leung  in 1992 replaced axis-orbital pointer 

with level pointer in facebow transfer. With 

a level pointer, the horizontal plane is 

established through the hinge axis, parallel 

to the floor. The level pointer could be used 

as third point of  reference when the 

patient’s head is in upright natural position.

Method

A water leveller (Fig. 6) is attached with 

cyanoacrylate resin to a 8mm diameter 

aluminium rod, which could be added to 

facebow assembly. Once the ear rods & bite 

fork has been tightened, the patient is asked 

to relax & look straight towards the 

horizon. Now the leveller rod is tightened 

into the clamp in such a way that the level 

bubble is positioned between two marked 

lines for achieving a fixed plane (Fig.7). The 

patient is also in a comfortable position as 

the leveller rod does not contact the tissue 

surface. While transferring this relation to 

the articulator, vertical positioning is done 

till the level bubble is in the center as 

previously done (Fig.8). Then the mounting 

of  casts is done.  

9Gordon M. Callison  in 1985 suggested the 

modification of  bitefork. He attached the 

leveller to the bitefork extension arm. This 

aided in orienting the tentative occlusal 

plane (Fig.9).

Conclusion

When three points are selected, they 

represent the axis-orbital plane. The 

facebow orients cast in same relation to the 

opening axis of  articulator. The leveller 

provides a simple & accurate way to orient 

the occlusal plane directly with the axis-

horizontal plane. So, the occlusal plane will 

appear exactly the same as that in mouth 

when the patient’s head is upright natural 

position. The Frankfurt horizontal plane is 

usually used as the reference, but it is 

assumed to be horizontal. Many a times 

anatomic variations make that assumption 

questionable & unreliable. This method 

provides an accurate & direct approach to 

relate the occlusal plane directly with the 

axis-horizontal plane. This alternate 

method can be used as a constant third 

point of  reference, so that different  

maxillary casts of  the same patient can be 

positioned in the same relative position on 

the articulator. 
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introduced by Hayes in 1880.

Fig. 2: ‘Clinometer’ - for the positioning 
of  lower cast in relation to the 

condylar mechanism by Walker in 1890’s

Fig. 3: Orientation plane formed by 
two points located posterior to 

maxillae & one point located anterior 
to it

Fig. 4: Bergstorm’s point Fig. 5: Beyron’s point Fig. 6: Leveller

Fig. 7: Level pointer in recording 
Orientation relation
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bitefork extension arm
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Abstract

An in-depth knowledge of  anatomy is required for successful implant 

dentistry. This article sheds light on relevant anatomic structures during 

placement of  dental implants. Important muscles, foramen, blood 

supply and nerve innervations that may be encountered during implant 

procedures are reviewed. While performing surgery in certain regions 

of  the mouth, we need to proceed with caution, such that the above 

structures are considered. 

Introduction

Our main goal during prosthetic 

rehabilitation of  a patient is preservation of  

f o r m ,  f u n c t i o n  a n d  e s t h e t i c s .  

Complications arising during implant 

surgery are chiefly attributed to the 

challenges faced anatomically, and also due 

to the inappropriate use of  radiologic 

diagnostic aids. To prevent such 

complications from arising, the surgeon 

needs to be well versed with the anatomical 

structures and also be able to correlate the 

radiological findings.  Rather than 

discussing each and every anatomical 

structure in great detail, this article 

discusses commonly encountered 

structures and its anatomic variations. This 

will help the surgeon in taking practical 

dec i s ions  eas i l y  and thus  avo id  

complications. The following structures 

have been discussed: 

Mandibular structures

A. Mandibular foramen

B. Inferior alveolar canal 

C. Mental foramen and nerve

D. Mandibular incisive canal

E. Lingual foramen and lateral canals

F. Submental and sublingual arteries

G. Submandibular and sublingual fossae

H. Lingual and mylohyoid nerves

I. Long buccal nerve 

J. Muscle attachments

 a. Mentalis 

 b. Mylohyoid

 c. Genial tubercles (genioglossus

  and geniohyoid)

 d. Depressor anguli oris and

  depressor labii inferioris

 e. Buccinator and orbicularis oris

 f. Masseter 

Maxillary structures

A. Thickness of  gingiva and palatal

 mucosa

B. Nasopalatine foramen

C. Infraorbital foramen

D. Greater palatine foramen 

E. Blood vessels of  maxilla

 a. Greater palatine artery 

 b. Sphenopalatine artery

 c. Infraorbital and posterior

  superior alveolar artery

F. Anterior nasal spine 

G. Maxillary sinus

Mandibular structures

Mandibular foramen

The location of  the mandibular foramen 

may vary based on race and ethnicity, and 

this can affect the success of  block 

injections.  Among adult cadaveric 

mandibles, the foramen was found inferior 

to the occlusal plane, at its level, or above it 

75%, 22.5%, and 2.5% of  the time, 

respectively. It is advisable to inject 

patients 6 to 10mm superior to the occlusal 

plane, which usually accounts for anatomic 

variations. The distance to the mandibular 

foramen assessed on cadavers revealed 

that it is within the reach of  a short needle 
1(needle length = 21 mm).  Therefore, short 

needles can be used to attain anesthesia in 

the mandible. If  there are symptoms of  a 

good block injection, but the patient is still 

symptomatic, infiltrate the lingual aspect 

of  the molar teeth, because there may be 

additional innervation from C2 and C3 of  

the cervical plexus.
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Inferior alveolar canal

The mandibular nerve gives rise to the 

inferior alveolar nerve (IAN). It enters the 

mandibular canal on the medial surface of  

the ramus by the lingula. The artery lies 

parallel to the nerve as it traverses anteriorly, 

but its position varies with respect to being 

superior or inferior to the nerve within the 

mandibular canal. Therefore, it is possible 

to inadvertently penetrate into the 

mandibular canal and induce neurologic 

damage without provoking hemorrhaging 

and vice versa. When traversing from more 

to less mineralized regions of  the posterior 

mandible during osteotomy development, a 

sudden decrease in resistance may give an 

erroneous impression that the canal has 

been breached. Accordingly, there is no 

substitute for precise radiometrics, safety 

devices (e.g., drill stops), and a plan for 

attaining specific implant lengths in this 

region of  the mouth. The nerve may lower 

gently as it proceeds anteriorly, or there can 

be a sharp decline or the nerve can drape 

downward in catenary fashion (curled as 

hanging between two points). The IAN 

crosses Implant placement buccal or lingual 

to the IAN is a risky maneuver and should 

not be attempted without the aid of  

computed tomography (CT). The mean 

distance from the IAN to the second molar, 

first molar, and premolars was 3.7, 6.9, and 

4.7 mm, respectively. It is also possible for 

the mandibular canal to be adjacent to the 

apex of  the mandibular molar. To avoid 

untoward sequelae in the posterior 

mandible, the location of  the nerve needs to 

be verified before an osteotomy is created. 

If  the inferior alveolar canal cannot be seen 

on a periapical film, it is recommended to 

obtain a panoramic film and adjust 

distances for radiographic distortion. 

Clinicians can use markers of  known 

dimension when taking an x-ray to 

overcome these errors (e.g., 5-mm-diameter 
2ball bearing).  If  it still cannot be detected, a 

CT scan is needed. (Table 1) lists mean 

linear radiographic errors with respect to 

different x-ray techniques when locating the 
3 mandibular canal.

Table 1: Mean linear radiographic errors with respect to different x-ray techniques when locating the mandibular canal

Mental Foramen and Nerve

The mental nerve supplies innervation to 

the skin of  the cheek, the lower lip, chin, 

mucous membranes, and the gingiva until 

the second premolar. The location of  the 

mental foramen differs in the horizontal 

and vertical planes and these variations 

may be related to race. For example, 

horizontally the foramen is often found 

flanked by the apices of  premolars in 

white individuals and next to the apex of  

the second mandibular premolar among 

Chinese subjects. The position of  the 

foramen also varies in the vertical plane. 

The anterior loop (Fig.1) of  the mental 

foramen refers to the IAN when it 

courses inferiorly and anteriorly to the 

foramen and then loops back to emerge 

from the foramen. Anterior loops ranged 

from 0.11 to 3.31mm when measured on 
4panoramic radiographs.  It is prudent to 

place the distal aspect of  the implant 

6mm anterior to the mental foramen to 

avoid damaging the loop when drilling the 

osteotomy, after verification by a CT scan. 

Also, a short implant of  height less than 
57mm can be planned.  

Mandibular incisive canal

It may appear anterior to the mental 

foramen as a maze of  inter trabecular 

spaces, which include neurovascular 

bundles. The incisive canal usually 

narrows as it approaches the midline and 
6only reaches the midline 18% of  the time.  

If  there is an unusually large incisive nerve 

canal, a patient can experience discomfort 

during osteotomy development precluding 

implant placement or experience 

postoperative pain requiring implant 
7 removal. Consequently, consideration 

should be given to the size of  the incisive 

canal before placing implants deeply in the 

interforaminal area.
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Lingual foramen and lateral canals

Vascular canals are often present in the 

midline and lateral to the midline of  the 
l.8mandible (Fig. 2). Gahleitner et a  found 

one to five vascular canals per patient. The 

lingual foramen harbors an artery that 

corresponds to an anastomosis of  the right 

and left sublingual arteries. If  there is a 

canal larger than 1mm, excessive bleeding 

during osteotomy could be a complicating 

factor; thus, consider avoiding implant 
9insertion in the midline.  

Submental and sublingual arteries 

The submental artery is derived from the 

facial artery, and the sublingual artery is a 

branch of  the lingual artery. The sublingual 

artery is found above the mylohyoid muscle 

and is the major nutrient vessel in the floor 

of  the mouth. The submental artery 

frequently traverses inferiorly to the 

mylohyoid muscle but was noted to pierce 

through the mylohyoid muscle in 41% of  
1 0dissected cadavers.  Inadver tent  

penetration through the lingual cortical 

plate into the floor of  the mouth while 

preparing an osteotomy can cause arterial 

trauma, thereby resulting in development 

of  a sublingual or submandibular 

hematoma.

Submandibular and sublingual fossae

The submandibular fossa is a depression on 

the medial surface of  the mandible inferior 

to the mylohyoid line, and it contains the 

submandibular gland. The sublingual gland 

is found in the sublingual fossa. This fossa is 

a shallow depression on the medial surface 

of  the mandible on both sides of  the mental 

spine, superior to the mylohyoid line. The 

submandibular and sublingual fossae must 

be  pa lpated pr ior  to  osteotomy 

development; if  there is a large undercut, 

the lingual bony plate can be perforated 

inadvertently (Fig. 3), resulting in 

hemorrhaging. If  there is a large undercut 

(more than 6mm), an instrument can be 

placed into and parallel to the undercut to 

visualize and measure the extent of  the 

depression. A CT scan with radiopaque 

markers provides the most accurate 

information. Pertinently, the angulation 

that the implant is placed needs to 

accommodate the undercut to remain in 

bone during osteotomy preparation.

The lingual and mylohyoid nerves

The mandibular branch of  the trigeminal 

nerve gives rise to the lingual nerve. The 

lingual nerve is usually located 3 mm apical 

to the osseous crest and 2 mm horizontally 

from the lingual cortical plate in the flap. 

However, in 15% to 20% of  cases, the nerve 

may be situated at or above the crest of  

bone, lingual to the mandibular third 

molars. In addition, 22% of  the time the 

lingual nerve may contact the lingual 
11cortical plate.  It is recommended that 

lingual, vertical releasing incisions be 

avoided. Furthermore, incisions distal to 

the second molar should be made on the 

buccal aspect of  the ridge to provide 

additional room for safety, because the 

lingual nerve may be lying over the 

retromolar ridge.

The mylohyoid nerve is a branch of  the 

inferior alveolar nerve. It arises just prior to 

where the IAN enters the mandibular 

foramen. This nerve may also contribute to 

an inability to attain complete anesthesia 

due to accessory sensory innervation to the 

anterior and posterior mandibular teeth. In 

patients who experience discomfort despite 

signs of  a good block injection, additional 

infiltration on the lingual aspect in the 

posterior region may help to attain more 

profound anesthesia.

The long buccal nerve

The buccal nerve is a branch of  the 

mandibular nerve that is derived from the 

trigeminal nerve, and it begins high in the 

infratemporal fossa. An anatomic variation 

of  the long buccal nerve, called Turner’s 

variation, consists of  the nerve emerging 

from a foramen in the retromolar fossa. 

When this variation exists, trauma in this 

region can cause paresthesia to the adjacent 

gingiva and mucosa.

Muscles Attachments to the Mandible 

Mentalis muscle

The mentalis muscle is a paired small 

muscle that originates in the incisive fossa 

of  the mandible and inserts into the 

integument of  the chin. The entire mentalis 

muscle should not be released off  from the 

mental protuberances, because the muscle 

may fail to reattach well. This can result in 

an appearance referred to as a witch’s chin 

(double chin). Full thickness replaced flaps, 

which do not reach the inferior border, 

usually do not affect facial appearance. 

However, vestibular incisions that sharply 

dissect this muscle require special suturing 

(i.e., the muscle layer and then the overlying 

soft tissues). 

Mylohyoid muscle 

Two flat mylohyoid muscles form a sling 

inferior to the tongue, supporting the floor 

of  the mouth. Their origin is the mylohyoid 

line on the medial aspect of  the mandible, 

which extends from the symphysis to the 

last molar. They insert on the body of  the 

hyoid bone and overlie the digastric 

muscles. The mylohyoid is an important 

anatomic barrier separating the sublingual 

and  submand ibu l a r  spaces.  T he  

submandibular fossa is below the 

mylohyoid muscle, and the sublingual fossa 

is superior to the muscle. Manipulation of  

the muscle should be performed only to 

fulfill clearly defined objectives such as 

guided bone regeneration procedures 
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(GBR), when it is desirable to advance a flap 

a large distance to achieve primary closure.

Genial tubercles (genioglossus and

 geniohyoid muscles)

There are two superior and two inferior 

tubercles. The genioglossus originates from 

the superior genial tubercles, and the 

geniohyoid originates from the inferior 

genial tubercles. The lingual foramen may 

be found in the middle of  the tubercles. If  

there is advanced bone resorption in the 

mandibular anterior region, the height of  

the superior tubercle may coincide with or 

be higher than the superior level of  the 

ridge. When elevating flaps for surgical 

access, the genioglossus muscle should not 

be completely reflected off  from the 

tubercles because the tongue may retract to 

the posterior part of  the throat and 

obstruct the airway. 

Depressor anguli oris and depressor 

labii  inferiorus

Two muscles that overlie the mental 

foramen need to be displaced when 

exposing the roof  of  the foramen: 

depressor anguli oris (triangularis) and 

depressor labii inferioris (quadratus labii 

inferioris). Once the flap is elevated past the 

mucogingival junction, these muscles can 

be released by using wet gauze to push back 

the flap. The wet gauze is used to protect 

the mental nerve. Reflection of  these 

muscles does not result in untoward 

sequelae. 

Buccinator and orbicularis oris muscles

The submucosa is strongly attached to the 

buccinator muscle in the cheek region and 

the orbicularis oris in the lip area. When a 

surgical procedure is done adjacent to one 

of  these muscles, such as GBR, it may be 

necessary to create an incision that provides 

periosteal fenestration and penetrates 

several millimeters into the submucosa, 

thereby incising one or both of  these 

muscles to facilitate coronal positioning of  

the flap. 

Masseter muscle

The masseter muscle consists of  two 

portions: superficial and deep. The 

superficial part arises from the zygomatic 

arch and zygomatic process of  the maxilla. 

It inserts into the angle and lower half  of  

the lateral surface of  the ramus of  the 

mandible. The deep portion arises from the 

zygomatic arch and inserts into the upper 

half  of  the ramus and into the lateral 

surface of  the coronoid process. When the 

mandibular ramus area is used as a donor 

site for bone grafting (i.e., block graft), part 

of  the masseter muscle is released from the 

ramus when the periosteum is elevated in 

this region.

Maxillary structures

Thickness of  the gingiva and palatal

 mucosa

The thickness of  the gingival and palatal 

epithelium is 0.3mm. Average gingival 

thickness ranges from 0.53 to 2.62mm 

(mean, 1.56mm), and palatal width varies 

from 2.0 to 3.7mm, with a mean of  
122.8mm.  The best location for harvesting a 

connective tissue graft is in the maxillary 

canine–premolar region.13 Thin grafts may 

be garnered several millimeters away from 

the gingival margin, and thicker grafts can 

be harvested further away from the gingival 

margin where the submucosa is wider. The 

thickest grafts can be obtained in the 
13tuberosity region (i.e. 5mm).  Graft height 

is limited by the position of  the greater 

palatine artery, whose location is 

subsequently discussed. 

Nasopalatine foramen 

The nasopalatine foramen is also referred 

to as the incisive foramen. The nasopalatine 

foramen is 4.6mm wide and is located 

7.4mm from the labial surface of  an 
14unresorbed ridge.  A large incisive canal 

maybe an obstacle to implant placement in 

the central incisor region. When a large 
15canal was present, Artzi et al.  displaced its 

contents (moved it over without 

elimination) and placed an implant. 

Infraorbital foramen 

The infraorbital nerve and blood vessels 

emerge from the infraorbital foramen. The 

foramen is usually located directly under the 

pupil of  the eye on the inferior portion of  

the infraorbital ridge, and it can be palpated 

through the skin of  the cheek. The 

infraorbital nerve is found 5mm below the 
16inferior portion of  the infraorbital ridge  

and it can be injured during surgery. The 

average height of  the maxillary sinus is 36 to 
1745 mm  therefore, a lateral window 

extending 15mm from the alveolar ridge 

crest usually avoids encroaching on the 

infraorbital nerve. However, if  advanced 

resorption of  the maxilla transpired, 

vigilance needs to be exercised when 

elevating a flap to avoid damaging the 

infraorbital nerve. 

Greater palatine foramen

The posterior maxilla needs to be treated 

cautiously in the region of  the greater 

palatine foramen. The greater palatine 

artery and nerve emerge from the foramen 

and traverse the palate anteriorly. The 

foramen was found opposite the third 
18molar in 86% of  cases.  The foramen is 

located halfway between the osseous crest 

and the median raphe. The precise location 

of  the foramen can be determined prior to 

flap elevation by sounding the bone with an 

anesthetic needle and hence avoiding the 

greater palatine artery. 

Blood Supply in the Maxilla 
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Surgery in the maxilla can involve arteries in 

the pterygopalatine region: descending 

palatine artery, sphenopalatine artery 

terminal branch, infraorbital artery, 

posterior superior alveolar artery, and the 

artery of  pterygoid canal.

Greater palatine artery

The descending palatine artery emerges 

from the greater palatine foramen and 

traverses anteriorly in a groove on the 

medial side of  the hard palate to the incisive 

canal. The end branch of  the artery enters 

the incisive canal to anastomose with the 

nasopalatine branch of  the sphenopalatine 
19artery. Monnet-Corti et al.  reported that 

the average distance from the gingival 

margin to the greater palatine artery was 

12.07mm in the canine area and 14.7mm at 

the mid-palatal aspect of  the second molar 

level. It is advantageous to leave 2mm 

between the artery and the end of  the 
19surgical incision while harvesting a graft.  

Sphenopalatine artery

The sphenopalatine artery emerges from 

the sphenopalatine foramen and enters the 

back part of  the superior meatus of  the 

nose. It gives rise to the posterior and 

medial lateral nasal branches. When doing a 

sinus lift, caution must be exercised to avoid 

damaging these vessels if  the procedure is 

being extended to the posterior wall of  the 

sinus.

Infraorbital and posterior superior 

alveolar artery

The infraorbital artery provides branches to 

the anterior part of  the sinus. These vessels 

anastomose with vessels of  the posterior 

superior alveolar artery within the buccal 

plate of  bone (intraosseous artery) and in 

the buccal tissues (extraosseous artery). The 

intraosseous artery is <16 mm from the 

crest of  the ridge in 20% of  cases, and it 

may need to be managed during lateral 
20window preparation.  If  the intraosseous 

artery is severed, apply pressure with an 

instrument to the hemorrhaging site, or it 

can be touched with a cautery unit (e.g., 

Bovie). 

Anterior Nasal Spine

Under the nose, in the midline, at the lower 

margin of  the anterior aperture, there is a 

sharp bony process formed by the forward 

elongation of  the maxillae that is referred to 

as the anterior nasal spine. It is used as a 

landmark when elevating a large flap in the 

premaxilla in preparation for flap 

advancement. Care must be exercised when 

extending flap elevation beyond this point 

because the tissue is thin, and it is possible 

to penetrate through the tissue into the 

nose. 

Maxillary Sinus

The maxillary sinus (antrum of  Highmore) 

is pyramidal in shape and is the largest 

paranasal sinus. Typical average dimensions 

of  the sinus are: height 36 to 45mm, width 
1725 to 35 mm and length 38 to 45 mm.  The 

ostium is the opening from the sinus to the 

middle meatus of  the nose. It is situated on 

the superior aspect of  the medial wall of  the 

maxillary sinus above the first molar. The 

mean distance from the most inferior point 

of  the antral floor to the ostium is 
2128.5mm.  Thus, when performing a sinus 

lift, the sinus should not be overfilled with 

graft material beyond 15mm to avoid 

potentially blocking the ostium and causing 

sinusitis. Septa (Underwood’s clefts) have 

been located in 31.7% of  the maxillary 

sinuses in the premolar area, and they 

usually do not compartmentalize the 

antrum. To accommodate large or multiple 

septa during a sinus lift, more than one 

lateral window can be created as part of  the 
22antral opening.  In addition, septa are a 

concern if  an osteotome sinus floor 

elevation procedure is planned because it is 

difficult to infracture the subantral floor 

under them. During a lateral window 

preparation, if  a tear in the Schneiderian 

membrane occurs and it is a relatively small 

defect, the opening can be patched with a 

collagen barrier. However, when a tear 

occurs along the periphery of  the window 

and it is difficult to re-engage the 

membrane, before the tear elongates, 

extend the osteotomy several millimeters in 

bone away from the original site. The 

normal width of  the Schneiderian 
23membrane is generally 0.3 to 0.8mm.  

However, it can appear thicker if  there is 

chronic inf lammation resulting in 

hyperplasia. If  the membrane is very thick, 

consider obtaining an ear, nose, and throat 

consult before proceeding with implant 

placement or a sinus lift.

Conclusion

It is important to have good knowledge of  

anatomy to ensure success while practicing 

dental implantology. The best way to avoid 

complications is by not getting into them. 

However, certain anatomic structures may 

be problematic with respect to treatment 

planning. In this regard, 3D imaging is far 

better than 2D imaging. In particular, if  the 

mandibular or mental nerve’s position is not 

clear or if  it is unclear how much bone is 

present for implant placement, a CT scan 

should be ordered. Similarly, CT scans are 

an  impor t an t  d i agnos t i c  a id  in  

predetermining the dimensions of  the 

maxillary sinus and the presence of  

unexpected findings (e.g., septa, tumors, 

and intraosseous arteries). Finally, one must 

not hesitate to order a CT scan, and always 

remember, that, better training leads to 

higher success.

Terna Journal of  Dental Sciences 57



References

1. Menke RA, Gowgiel JM. Short-needle block 

anesthesia at the mandibular foramen. J Am 

Dent Assoc. 1979;99:27-30.

2. Greenstein G, Cavallaro J, Tarnow D. 

Practical application of  anatomy for the dental 

implant surgeon. Journal of  Periodontology. 

2008 Oct 1;79(10):1833-46.

3. Sonick M, Abrahams J, Faiella RA. A 

comparison of  the accuracy of  periapical, 

panoramic, and computerized tomographic 

radiographs in locating the mandibular canal. Int 

J Oral Maxillofac Implants 1994;9:455-60.

4. Kuzmanovic DV, Payne AG, Kieser JA, Dias 

GJ. Anterior loop of  the mental nerve: A 

morphological and radiographic study. Clin Oral 

Implants Res. 2003;14:464-71.

5. Karthikeyan I, Desai SR, Singh R. Short 

implants: A systematic review. J Indian Soc 

Periodontol. 2012 Jul;16(3):302.

6. Mraiwa N, Jacobs R, Moerman P, 

Lambrichts I, van Steenberghe D, Quirynen M. 

Presence and course of  the incisive canal in the 

human mandibular interforaminal region: Two-

dimensional imaging versus anatomical 

observations. Surg Radiol Anat. 003;25:416-23.

7. Kohavi D, Bar-Ziv J. Atypical incisive nerve. 

Clinical report. Implant Dent 1996;5:281-283. 

8. Gahleitner A, Hofschneider U, Tepper G, et 

al. Lingual vascular canals of  the mandible: 

Evaluation with dental CT. Radiology 

2001;220:186-189.

9. Longoni S, Sartori M, Braun M, et al. 

Lingual vascular canals of  the mandible: The risk 

of  bleeding complications during implant 

procedures. Implant Dent. 2007;16:131-8.

10. Quirynen M, Mraiwa N, van Steenberghe D, 

Jacobs R. Morphology and dimensions of  the 

mandibular jaw bone in the interforaminal 

region in patients requiringimplants in the distal 

areas. Clin Oral Implants Res. 2003;14:280-5.

11. Pogrel MA, Goldman KE. Lingual flap 

retraction for third molar removal. J Oral 

Maxillofac Surg. 2004; 62:1125-30.

12. Wara-aswapati N, Pitiphat W, Chandrapho 

N, Rattanayatikul C, Karimbux N. Thickness of  

palatal masticatory mucosa associated with age. J

Periodontol. 2001;72:1407-12.

13. Studer SP, Allen EP, Rees TC, Kouba A. The 

thickness of  masticatory mucosa in the human 

hard palate and tuberosity as potential donor 

sites for ridge augmentation procedures. J 

Periodontol. 1997;68:145-51.

14. Mraiwa N, Jacobs R, Van Cleynenbreugel J, 

et al. The nasopalatine canal revisited using 2D 

and 3D CT imaging. Dentomaxillofac Radiol. 

2004;33:396-402.

15. Artzi Z, Nemcovsky CE, Bitlitum I, Segal P. 

Displacement of  the incisive foramen in 

conjunction with implant placement in the 

anterior maxilla without jeopardizing vitality of  

nasopalatine nerve and vessels: A novel surgical 

approach. Clin Oral Implants Res. 2000;11:505-

10.

16. Bennet CR. Manheim’s Local Anesthesia 

and Pain Control in Dental Practice. St. Louis: 

C.V. Mosby; 1974:92.

17. van den Bergh JP, ten Bruggenkate CM, 

Disch FJ, Tuinzing DB. Anatomical aspects of  

sinus floor elevations. Clin Oral Implants Res 

2000;11:256-265.

18. S u j a t h a  N ,  M a n j u n a t h  K Y ,  

Balasubramanyam V. Variations of  the location 

of  the greater palatine foramina in dry human 

skulls. Indian J Dent Res 2005;16:99-102.

19. Monnet-Corti V, Santini A, Glise JM, et al. 

Connective tissue graft for gingival recession 

treatment: Assessment of  the maximum graft 

dimensions at the palatal vault as a donor site. J 

Periodontol. 2006;77:899-902.

20. Elian N, Wallace S, Cho SC, Jalbout ZN, 

Froum S. Distribution of  the maxillary artery as 

it relates to sinus floor augmentation. Int J Oral 

Maxillofac Implants 2005;20:784-7.

21. Uchida Y, Goto M, Katsuki T, Akiyoshi T. A 

cadaveric study of  maxillary sinus size as an aid 

in bone grafting of  the maxillary sinus floor. J 

Oral  Maxillofac Surg. 1998;56:1158-63.

22. Ulm CW, Solar P, Krennmair G, Matejka M, 

Watzek G. Incidence and suggested surgical 

management of  septa in sinus-lift procedures. 

Int J Oral  Maxillofac Implants 1995;10:462-5.

23. Mogensen C, Tos M. Quantitative histology 

of  the maxillary sinus. Rhinology 1977;15:129-

40.

Fig. 1: Arrow pointing toward 
the anterior loop of  the mental foramen

Fig. 2: Arrows pointing toward the 
lingual foramen and lateral canal

Fig. 3: Arrow showing perforation 
of  the lingual cortex

58 Terna Journal of  Dental Sciences 2020;6(1):53-58



Surgical management of a periapically 
separated instrument: A case report

Dr. Anuprita Gadkari*

Dr. Padmini Chandrasekhar**

Dr. Gaurav Kulkarni**

Dr. Avinash Salgar**

Dr. Teena Sitlaney*

*Postgraduate student, Dept. of  Conservative Dentistry & 

Endodontics, Terna Dental College, Nerul, Navi Mumbai.

**Reader, Dept. of  Conservative Dentistry & Endodontics, 

Terna Dental College, Nerul, Navi Mumbai.

Abstract

This case report describes the management of  a separated endodontic 

file involving the apical third and the periapex of  a maxillary premolar. 

A 29-year-old female patient reported to our post graduate clinic with a 

complain of  pain in the right maxillary first premolar and gave an 

history of  root canal treatment of  this tooth. The clinical and 

radiographic examination revealed the presence of  a separated 

instrument in the apical area of  the palatal root, extruding into the 

periapex. After bypass of  the file and a through biomechanical 

preparation, calcium hydroxide dressing was given and an apicoectomy 

was planned for retrieval of  the instrument after obturation. 

Instrument separation may potentially cause failure of  the endodontic 

treatment. Its management includes retrieval of  the instrument 

depending on the location of  the separated instrument and treating the 

symptoms of  the patient.

Introduction

Separation of  endodontic instruments 

during root canal treatment is an 

unfortunate occurrence that may obstruct 

the root canal procedures and affect the 

prognosis of  the associated tooth. 

Although many factors contribute to 

instrument separation, the exact mode of  
1,2separation is not fully understood.  This 

may depend on several factors including 

operator proficiency, root canal anatomy, 

manufacturing of  the metal alloy used and 

cross section of  the file, frequency of  use 

of  the file, sterilization, the torque and 

speed at which the file is being used, 
3instrumentation procedure and irrigation.  

Separated root canal instruments may 

include endodontic files, spreaders, spiral 

fillers or Gates-Glidden drills, and can be 

made of  nickel-titanium (NiTi), stainless 

steel (SS) or carbon steel. The prevalence of  

retained fractured endodontic hand 

instruments (mostly SS files) has been 
4,5reported to range from 1 to 6%.

The location of  the instrument in the root 

canal plays a crucial role in treatment 

planning and prognosis of  the tooth. When 

the fractured segment lies apical to canal 

curvature, overzealous removal of  tooth 

structure is required to gain access to the 

separated segment which in turn increases 

the likelihood of  root fracture. In cases 

where necrotic pulps or periapical lesions 

already exist, the stage at which instrument 

separation occurs is crucial as root canal 
6disinfection is jeopardized.  If  the broken 

file hinders adequate cleaning of  the canal 

beyond the obstruction, prognosis might 

be adversely affected. Separated 

endodont i c  in s t r ument  may  be  

accompanied by bacteria and dentinal 

debris from within the canal. The 

instrument, when separated beyond the 

apical foramen, acts as a foreign object 
7resulting in inflammation.  Hence, the 

treatment plan should preferably aim at 

surgical removal of  the instrument. 

The aim of  this article is to present a case 

report on the surgical management of  an 

instrument separated beyond the apical 

foramen. 

Case Report

A 29-year-old female patient reported to 

our post graduate clinic with a complaint 

of  pain in the right maxillary first 

premolar. She gave an history of  root canal 

treatment initiated with this tooth. The 

in i t ia l  c l in ica l  and radiog raphic  

examination revealed the presence of  a 

separated instrument in the apical area of  

the palatal root, extruding into the 

periapical area (Fig. 1). A CBCT was done 

to confirm the location of  the file and its 

proximity to other anatomic areas (Fig. 2). 

This revealed that the file was lodged in the 

apical third of  the palatal root of  tooth 

#14, extruding into the periapical area 

pointed towards the buccal cortical plate, 

away from the maxillary sinus.

The coronal access cavity was modified to 

achieve a straight-line access to the 

separated instrument and avoid any 

further iatrogenic damage (Ex 24 bur, 

Mani Inc; Japan). A file bypass was 

successfully attempted using a #15 k file 

and working length was established 

radiographically. Orthograde retrieval of  

the file was not attempted due to the 

location of  the file, in order to prevent 

inadvertent loss of  dentine and to prevent 
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further extrusion of  the file into the 

periapex. An aqueous calcium hydroxide 

(Dipti Dental Products, Navi Mumbai, 

India) closed dressing was given until the 

next appointment and was repeated after 2 

weeks to control the progression of  

periapical inflammation (Fig. 3). 

The patient was asymptomatic with no 

signs of  intraoral or extraoral swelling, pain 

on percussion or tenderness to palpation. 

Hence, obturation was planned keeping in 

mind the chances of  flare up and the need 

for surgical intervention (Fig. 4). One day 

after obturation, the patient reported back 

with severe pain and tenderness to 

palpation, so a root end surgery was 

planned. 

Procedure for apicoectomy: After 

disinfection of  the surgical area and local 

anaesthesia (Lignox 2% A; Indoco 

Remedies Ltd; India) administration, an 

incision was made and a full thickness 

mucoperiosteal triangular flap was raised 

from the second premolar to the canine 

(Fig. 5). An osteotomy window was created 

for root exposure and the separated 

instrument could be visualised. Access to 

this instrument was gained by resecting 

2mm of  the buccal part to the root.

The instrument was then retrieved using an 

endodontic excavator (GDC, India) (Fig. 6). 

The apical 3 mm of  both the roots were 

resected and root ends were prepared by 

retrograde removal of  2 mm of  gutta-

percha using ultrasonic tips. A retrograde 

MTA (MTA Forte, Globus Msdisys; India) 

plug was given to achieve an apical seal (Fig. 

7). The flap was then sutured (3-0 nylon 

sutures, Ethicon, J&J, USA) into its position 

(Fig. 8A) and post-operative precautionary 

instructions were given to the patient. 

At one week follow up appointment for 

suture removal, the patient was completely 

relieved of  the pain and no signs and 

symptoms of  inflammation were seen. 

Suture removal was done in this 

appointment (Fig. 8B).

Discussion

Management of  separated instruments 

includes both orthograde or surgical 

approaches. Orthograde approaches 

include: attempts to remove the fragment, 

attempts to bypass the fragment, or 

cleaning/shaping and filling of  the root 
1canal to the level of  the fragment.  When 

conservative management of  a separated 

instrument fails and clinical and/or 

radiographic follow-up indicates presence 

of  disease, surgical intervention may be 
1warranted if  the tooth is to be retained.  A 

thorough history, clinical examination and 

periapical radiographs are essential for pre-

operative diagnosis of  teeth scheduled to 

undergo apical surgery. CBCT helps reveal 

the location and proximity to any 
7,9anatomically significant areas.

In this case, a non-surgical approach was 

attempted before surgical intervention. 

Although obturation was done once the 

patient was completely asymptomatic, it 

resulted in failure of  the treatment as 

patient reported back with pain. The reason 

for failure of  the treatment that resulted in a 

flare up after obturation, may have been due 

to the presence of  the file beyond the apical 

foramen. This may have resulted in the 

bacteria and dentinal debris to be pushed in 

the periapical region along with the 
12,13separated instrument.  

A buccal approach for the surgery was 

chosen to limit removal of  the periapical 

tissue even though the instrument was 

separated in the palatal canal. This was 

because the CBCT revealed proximity of  

the instrument to the buccal cortical plate 

(Fig. 2A, B). After raising a flap, fenestration 

was seen which was extended to form the 

bony window (Fig. 5B). The fenestration 

could have been due to the periapical 
14inflammatory reaction  to the instrument. 

Due to the confluence of  the root, the 

buccal root had to be resected first to gain 

access to the palatal root (Fig. 6). 

After surgical retrieval of  the separated 

endodontic instrument, a root resection 

was performed as a part of  the file was 

lodged in the apical part of  the root. This 

may have led to ingress of  bacteria in the 

dentinal tubules of  that area and 

contamination due to the periapical 
12,15inflammatory reaction.  MTA plug was 

placed in the retrograde cavity to achieve a 

good apical seal and to stimulate the 

biologic mechanisms necessary for repair 
16of  the involved tooth.  The ability of  MTA 

to reduce periapical inflammation is 

probably due to its hydrophilic nature and 

expansion when placed in an humid 

environment which potentiality prevents 

microbial and endotoxin leakage even when 

it is used in root-end cavities contaminated 

by blood.17 Deposition of  a continuous 

layer of  new cementum upon MTA may be 

due to several factors, such as sealing ability, 

biocompatibility or alkaline pH on 
18,19setting.

After one week follow up, the patient was 

found to be completely asymptomatic. The 

pain experienced by the patient immediately 

after obturation may be due to change in 

periapical tissue pressure. Root canals of  

such teeth when kept open, exudate comes 

out; but on pressure changes such as 

obturation, microorganisms and other 

irritants gets aspirated into periapical area 
20leading to pain.  This may have added to 

the already pre-existing inflammation due 

to the presence of  the separated 

instrument. Anxiety, apprehension, fear 

and previous history of  dental experience 

may have played an important role in the 
21flare-up.  

Conclusion

The presence of  a fractured instrument 

beyond the apical foramen acts as a foreign 

body resulting in an inflammatory reaction
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 that causes pain and discomfort to the 

patient. For the management of  such 

Fig. 8: Suture placement (A), suture removal and healing after one week (B)

Fig. 1: Pre-operative radiograph (A) and image (B) Fig. 2: CBCT showing (A) axial view, (B) coronal view and (C) sagittal view

Fig. 3: Access opening (A), file bypass and working length (B), 

calcium hydroxide dressing (C)

Fig. 4: Mastercone (A) and obturation (B)

Fig. 5: Incision (A) and reflection (B) of  a full thickness mucoperiosteal triangular flap

Fig. 6: Preparation of  an osteotomy window (A), instrument retrieval 
(B, C, D), radiograph after instrument retrieval and root resection

Fig. 7: Retrograde preparation and GP removal with ultrasonic (A, B) 
and radiograph (C) retrograde MTA placement (D) 

and apical seal (E) and radiograph (F)
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mishaps, surgical intervention may be 

necessary in order to achieve complete 

symptomatic relief  and appropriate healing 

of  the periapex.
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Abstract

Leakage of  irritants pathologically from the dentin into the pulp and 

further on into the peri-radicular tissues is a leading cause of  failure in 

endodontics. Thus, the need for a material that not only provides 

excellent seal but also aids in repair of  tissues led to discovery of  

mineral trioxide aggregate (MTA). As an experimental material, MTA, 

has been investigated as a potential alternative restorative material to 

the presently used materials in endodontics. Numerous studies, both in 

vivo an invitro have shown the potency of  MTA in preventing 

microleakage and a proven biocompatible material that promotes 

regeneration of  the original tissues when it is placed in contact with the 

dental pulp or peri-radicular tissues. This article describes a case series 

for various applications of  MTA such as capping of  pulps with 

reversible pulpitis, apexification, apexogenesis, as well as its use as a 

root-end filling material.

INTRODUCTION

SThe quest for an ideal material with 

p r e d i c t a b l e  s e a l a b i l i t y ,  g o o d  

biocompatibility and increased moisture 

sensitivity still exists. Lots of  effort was put 

into developing a new material and the 

result was a totally versatile material. Its 

formulation has physical properties, setting 

requirements and characteristics necessary 

for an ideal medicament and repair material. 

Dr. Mahmoud Torabinejad at Loma Linda 

University and his coinventor Dean White 

developed a cement named Mineral 

Trioxide Aggregate, which appears to have 

all of  the characteristics of  an ideal cement 

that seals communication between the root 

canal system and the oral cavity (mechanical 

and carious pulp exposures), and between 

the root canal system and the periodontium 

(iatrogenic perforations, open apices, 

resorbed apices, root-end preparations). 

MTA consist of  fine particles of  tricalicium 

silicate, tricalcium aluminate,tricalcium 
1oxide, silicate oxide and bismuth oxide.  It is 

similar to Portland cement exceptfor the 

absence of  bismuth oxide in Portland 

cement. Bismuth oxide (17-18%) is added 

toimprove the properties and the 

radiopacity. The particles are smaller and 

uniform in size inMTA when compared to 

Portland cement particles that harden in 
2the presence of  dampness or blood.  It is 

biocompatible, radiopaque and it is harder 

to infiltrate, compared to classic materials 

for root filling such as amalgam, cements, 

Super-EBA, and IRM. Owing to these 

qualities, MTA is a superior material in 

clinical practice and it stands to be the 

material of  choice in cases not only of  

apicectomy and retrograde filling but also 

in the sealing filling of  perforations of  the 

pulp chamber and of  the root, stripping, 

internal re-absorptions, re-adaptations, 

lacerations, and apical transports. It has 

been used with success also in direct pulp 

capping and in apexifications instead of  

calcium hydroxide, leading to quicker 

therapies and better long-term prognosis. 
3-6Several studies  have shown that MTA 

prevents microleakage, is biocompatible, 

and promotes regeneration of  the original 

tissues when it is placed in contact with the 

dental pulp or peri-radicular tissues. 

Mineral Trioxide Aggregate is a relatively 

new biocompatible material with 

numerous exciting clinical applications in 

endodontics. It has also been used on an 

experimental basis for several years with 

good success rate. Reported herewith is a 

series ofcase reports where in MTA was 

used as material of  choice for direct pulp 

capping, indirect pulp capping, pulpotomy, 

apexi f icat ion,  apexogenes is,  and 

retrograde placement subsequent to 

apicoectomy respectively.

Case 1: Indirect pulp capping

A 22-year-old female reported to the 

Department of  Conservative Dentistry 

and Endodontics with a chief  complaint 

of  food lodgement and sensitivity in lower 

left back tooth for 3 weeks. On 

examination, there was occlusal caries with 

respect to lower left first molar (Fig. 1A). 

Radiograph revealed occlusal radiolucency 

involving enamel, dentin and approaching 

pulp and the tooth responded normally to 

electric and thermal pulp sensibility test. 

The case was subjected to restorative 

treatment in a single visit. Caries 

excavation was done using high speed air 



rotor and diamond abrasives and cavity was 

refined using carbide burs at low speed (Fig. 

1B). After cavity preparation, the remaining 

dentin thickness was expected to be less 

than 2mm therefore indirect pulp capping 

was done to ensure pulp protection and 

preservation of  pulp vitality. MTA Angelus 

was manipulated as per manufacturers’ 

instructions and applied in the deepest 

portion of  the cavity (Fig. 1C) followed by 

application of  conventional Glass ionomer 

cement (type 3, GC America Inc.) (Fig. 1D) 

in order to provide thermal insulation. Also, 

the layer of  Glass Ionomer Cement acts as 

interface between MTA and composite as 

the presence of  water in the MTA could 

inhibit adhesion due to high hydrophobicity 

of  the resin materials; therefore, the use of  
7the adhesive seems to be discouraged.  Final 

restoration (Fig. 1E) was done using 

packable nano-hybrid composite (SDI 

Limited, Victoria Australia) and polished 

(Fig. 1F) using Super Snap Polishing Kit 

(Shofu Dental Corporation, USA).

Case 2: Direct pulp capping

A 25-year-old male reported to Department 

o f  C o n s e r va t i ve  D e n t i s t r y  a n d  

Endodontics with a chief  complaint of  

food lodgement and occasional sensitivity 

on consumption of  cold food and 

beverages in lower left back tooth that 

relieved on its own since 2 weeks. On 

examination, there was cavitated occlusal 

carious lesion with respect to lower left first 

molar (Fig. 2A). The tooth was non-tender 

and radiograph revealed occlusal  

radiolucency involving enamel, dentin and 

approaching pulp (Fig. 2B) and the tooth 

responded normally to electric and thermal 

pulp sensitivity test which led to diagnosis 

of  reversible pulpitis. The tooth was 

isolated using rubber dam and caries 

excavation (Fig. 2C) was done using high 

speed air rotor and diamond abrasives. 

During cavity preparation, there was a pulp 

exposure of  less than 1 mm (Fig. 2C) with 

active bleeding. We used 5.25 percent 

NaOCl as a direct solution or on a soaked 

cotton pellet to achieve haemostasis within 

3 minutes of  pulp exposure. MTA Angelus 

was manipulated as per manufacturers’ 

instructions and applied directly on the 

exposed pulp (Fig. 2D).As suggested by 

Bogen et al8after placing the MTA, a flat, 

water-moistened cotton pellet was directly 

laid over the material and was provisionally 

restored with non-eugenol (Fig. 2D). 3 

weeks later, the pulp vitality was checked 

again using electric pulp tester. The results 

were comparable to pre-operative testing. 

Thus, it was decided to complete the final 

restoration in this visit. Light cure glass 

ionomer cement (GC America Inc.) was 

manipulated on an oil impervious mixing 

pad and was applied on the cavity (Fig. 2E) 

followed by curing it as per the 

manufacturers’  instructions. Final 

restoration (Fig. 2F) was done using 

packable nano-hybrid composite (SDI 

Limited, Victoria Australia) and polished 

using Super Snap Polishing Kit (Shofu 

Dental Corporation, USA). The case was 

assessed (Fig. 2H) after five months and it 

showed complete resolution of  pre-

operative symptoms and normalcy in terms 

of  form and function.

Case 3: Pulpotomy

A 17-year-old female patient reported to 

the Department of  Conservative Dentistry 

and Endodontics with a chief  complaint of  

moderate pain on lower right back tooth 

since one month. Pain aggravated on 

consumption of  cold food and relieved on 

its own. There was no contributing medical 

history or past dental history with the tooth 

involved. Clinical examination revealed 

buccally extending occlusal caries in lower 

right first molar (#46). It was non-tender on 

percussion and gave a normal response to 

electric and thermal pulp testing. Pre-

operative intra-oral periapical radiograph 

revealed occlusal radiolucency involving 

enamel, dentin and approaching pulp and 

intact lamina dura with no signs of  

periodontal ligament widening or peri-

apical radiolucency (Fig. 4A). These 

findings led us to the diagnosis of  reversible 

pulpitis. Subsequent to administration of  

local anaesthesia, the teeth were isolated 

using rubber dam (Fig. 3A). All superficial 

caries was removed (Fig. 3B). Then the roof  

of  the pulp chamber was removed by 

joining the pulp horns with bur cuts 

followed by amputation of  the coronal pulp 

with a sharp excavator (Fig. 3C). Following 

coronal pulp amputation, sterilized cotton 

pellets over each amputation site were 

placed and pressure was applied for 5 

minutes. Then 1 to 1.5 mm thick layer of  

freshly mixed mineral trioxide aggregate 

was placed directly on the pulp stump 

surface and then patted with a moist cotton 

pellet (Fig. 3D). With a damp cotton pellet 

over the material, temporary restoration 

was done with non-eugenol temporary 

cement. After a week, intermediate 

restorative material was removed and glass 

ionomer cement (GIC) base was placed 

(Fig. 3E) and tooth was then restored (Fig. 

3F,G,H) using packable nano-hybrid 

composite (SDI Limited, Victoria 

Australia).

Case 4: MTA apexification

A 32-year-old male came to Department of  

Conservative Dentistry and Endodontics 

with chief  complaint of  fractured left 

central incisor. On examination, there was 

Ellis class 3 fracture in left central incisor 

(Fig. 5A) (#21) with a history of  trauma 15 

years ago. The tooth was discoloured, 

tender on percussion and did not respond 

to electric and thermal pulp testing. 

Radiograph revealed incomplete root 

formation with parallel canal walls 

demonstrating non-blunderbuss type of  

open apex (Fig. 5B). Access opening was 
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performed and the working length was 

measured using radiographic method (Fig. 

5C). Initial binding file was #80 thus, 

biomechanical preparation was done till 

master apical file #110 and the canal 

p r e p a r a t i o n  w a s  c o m p l e t e d  b y  

circumferential filing and copious amounts 

of  sodium hypochlorite. Then canal was 

dried with paper point and filled with 

aqueous calcium hydroxide (Fig. 5D) for a 

period of  1 month. Later, in the second 

visit, canals were irrigated again using saline 

and sodium hypochlorite alternatively and 

apexification was performed using MTA. 

Placement of  mineral trioxide aggregate 

was confirmed with a radiograph for 

adequate MTA plug (Fig. 5E) of  

approximately 4 mm followed by a 

moistened cotton pellet and temporary 

pack using zinc oxide eugenol. Hydration 

of  mineral trioxide aggregate powder 

results in a colloidal gel that solidifies to a 
9hard structure in less than 3 hours.  In 

general terms, the quicker the material sets, 

the more it shrinks; so compressive strength 

in the first 24 hours is 40 MPa which 

increases to 67 MPa after 21 days.9In the 

next appointment, on the next day, the rest 

of  the canal was obturated using gutta 

percha by thermoplastic obturating 

technique (Fig. 5F) followed by post 

obturation restoration using composite 

(Fig. 5G).

Case 5: Apexogenesis using MTA

A 26-year-old male patient reported to the 

department of  Conservative Dentistry and 

Endodontics with a chief  complaint of  

discoloured and fractured tooth in upper 

right back tooth. Patient had a history of  

trauma 15 years ago. On examination, the 

upper right central incisor (#11) presented 

with Ellis class 3 fracture and was severely 

discoloured (Fig. 6A). The tooth was tender 

to percussion and did not present with any 

signs of  intra-oral or extra-oral swelling. 

Both the right central and lateral incisors 

gave a negative response when checked 

with electric as well as cold pulp testing, and 

hence were non-vital. The intra-oral 

periapical radiograph revealed an immature 

apex and a periapical radiolucency of  

approximately 1.5 cm in diameter with 

respect to 11 (Fig. 7A). The case was taken 

up for apexogenesis. Entire procedure was 

explained to patient and a written consent 

was obtained. The procedure was 

completed in two visits as follows:

Visit 1: 

2% lignocaine with 1:80000 adrenaline 

(Lignox, indoco remedies, India) was 

administered by infiltration and isolation 

was done using rubber dam. Access was 

gained using a round bur at high speed and 

access cavity (Fig. 6B) was modified using 

safe-end bur. Working length was 

determined by radiographic method (Fig. 

7B). The canal was irrigated with 30 ml of  

17% EDTA solution using a 2ml syringe. 

Since there was no apical stop, utmost care 

was taken to restrict the irrigating solutions 

within the bounds of  the canal. Subsequent 

to irrigation, a creamy mixture of  equal 

p r o p o r t i o n s  o f  c i p r o f l o x a c i n ,  

metronidazole and minocycline, as 
10described by Hoshino et al. , was placed in 

the root canal with a #25 K-file up to 3 mm 

short of  the radiographic apex (Fig. 7C). 

The access cavity was sealed temporarily 
10,11with GIC. Studies  have shown that local 

application of  a mixture of  ciprofloxacin, 

metronidazole, and minocycline is effective 

against endodontic pathogens. 

Visit 2:

After  3  weeks,  the  pat ient  was  

asymptomat ic  which  shows tha t  

antibacterial protocol had disinfected the 

root canal effectively. The tooth was 

anesthetized with a local injection of  2% 

plain lignocaine (Lignox, indoco remedies, 

India) without vasoconstrictor. After 

rubber dam isolation, the operative area was 

disinfected with 3% sodium hypochlorite to 

ensure a sterile working area. After removal 

of  temporary dressing, the antibiotic 

dressing material was removed by irrigation 

with 10 ml of  saline and followed by 30 ml 

of  17% EDTA. The canal was then dried 

with paper points. A sterile #25 K-file with 

a rubber stopper set at 2 mm beyond the 

established working length was pushed past 

the confines of  the canal into the periapical 

tissue to induce bleeding (Fig. 6K). Cotton 

was held in the pulp chamber for 5–7 

minutes to allow blood clot formation in 

ap i c a l  one  th i rd  o f  the  c ana l .

For chair side preparation of  PRP, the 

blood sample was collected (Fig. 6D) into 

10 ml vacutainer containing acid-citrate-

dextrose solution (BD Vacutainer, Oakville, 

USA). The citrated blood was then 

centrifuged promptly in a standard 

laboratory centrifuge (Fig. 6E) for 10 

minutes at 1,300 rpm. After the first spin, 

three distinct layers were obtained (Fig. 6F) 

from top to bottom namely acellular plasma 

layer, buffy coat and red blood cell layer. 

The lower red blood cell portion was 

discarded and the supernatant (Fig. 6G) was 

again centrifuged for 10 minutes at 2,000 

rpm. The resulting thrombocyte pellet (Fig. 

6H)was mixed with 1 ml of  10% calcium 

chloride and thromboplastin (Fig. 6I) to 

activate the platelets and to neutralize the 

acidity of  acid citrate dextrose. cPRP 

procured by above mentioned procedure 

was then mixed with collagen sponge (Fig. 

6L) and introduced to the canal with the 

help of  sterile cotton pliers (Fig. 6M)and 

allowed to clot for 10 minutes. MTA (Pro-

Root MTA, Dentsply Maillefer, Baillagues, 

Switzerland) was then placed into the root 

canal (Fig. 6N) with a wet cotton pellet 

placed over. The cotton pellet was removed 

after 10 minutes. Glass ionomer cement 

was placed against the MTA, and adhesive 

Terna Journal of  Dental Sciences 65



to the manufacturer's instructions. Finally, 

composite restoration was completed with 

Tetric Ceram (IvoclarVivadent AG) using the 

incremental technique, followed by occlusal 

adjustment. The patient was asymptomatic 

six months after the treatment. The 

radiograph (Fig. 7E)demonstrated healing 

and the root showed a continued 

development.

Case 6: Retrograde MTA in apicoectomy

50-year-old male patient reported to the 

Department of  Conservative Dentistry and 

Endodontics with a chief  complaint of  pain, 

discoloured tooth, swelling and recurring pus 

discharge in upper right front region of  the 

jaw (Fig. 8A). On examination, discoloration 

was seen with 11. A draining sinus was 

present in association with 11,12. Thermal 

and electric pulp testing elicited a negative 

response with respect to 11, 12 and the 

preoperative radiograph revealed an 

incompletely formed root as well as a 

periapical radiolucency (Fig. 8A). CBCT 

examination was done to evaluate the size and 

extent of  the lesion. It revealed a wide canal 

with resorbed root along with a large 

periapical radiolucency (Fig. 8B). Denudation 

of  buccal and palatal cortical plates 

measuring about 4mm x 6mm was seen.

The root canals of  11 and 12 were operated 

by standard protocol. Under rubber dam 

isolation, access opening was done using 

Endo access bur and Endo Z bur (Dentsply-

France Ballaigues, Switzerland). Working 

length was established using radiographic 

technique. This was followed by thorough 

irrigation with saline and 5.25% sodium 

hypochlorite. Calcium hydroxide dressing as 

intracanal medicament was placed and patient 

was recalled after 1 week. A repeat calcium 

hydroxide dressing was given for 1 week,after 

which, the sinus had resolved. Canal was 

obturated (Fig. 9B) with cold lateral 

compaction obturation technique.

The patient reported 2 months later with the 

draining sinus following which, the surgical 

management of  11 and 12 was planned.Pre 

surgical investigation were performed. 

Complete blood count, bleeding and clotting 

time and blood sugar levels were measured. 

After administration of  local anaesthesiai.e. 

2% lignocaine hydrochloride with 1:80000 

adrenaline (Lignox, Indocoremedies, India), a 

papilla preservation flap was raised (Fig. 8B). 

The bony denudation was located, and a bony 

window was createdto access  the 

lesion.Curettage of  the granulation tissue and 

excision of  the lesion was done. Apical 3mm 

of  root was resected (Fig. 8C) with lindemann 

bur no. 161 (Prima Dental) and slow speed 

micromotor under constant saline irrigation. 

This was followed by root end preparation 

using ultrasonic retro-preparation tip AS6D, 

(Acteon, Satellac, France) (Fig. 8D). Retro-

preparation was confirmed using a 

radiograph (Fig. 9C). MTA Angelus (Angelus, 

Londrina, PR, Brazil) was filled into the retro-

preparation (Fig. 8E). MTA placement was 

confirmed using a radiograph (Fig. 9D).

The flap was repositioned and sutured back 

using black silk 3-0 (Ethicon) (Fig. 8F). Post-

surgical medications and instructions were 

given and patient was recalled after 1 week for 

suture removal and follow up. The 6 months 

follow up revealed marked healing both 

clinically as well as radiographically (Fig. 9E).

Discussion

12
MTA is a fine hydrophilic powder.  It is 

available in two types: grey and white MTA. 

These two types are similar but have slight 
13

differences in chemical composition,  the 

presence of  the trace minerals gives the dark 
14

grey appearance of  grey MTA.  Clinical 

studies found that these two forms of  MTA 

can respond differently as the white 

preparation resulting in less tooth 
15

discoloration in anterior teeth.  Also,white 

MTA has less levels of  tetra calcium 

aluminoferrite than the grey preparation 
16

which is responsible for discoloration.

MTA sets in the presence of  fluids such as the 

blood. A colloidal mixture results by mixing 

sterile water and powder preparation forms 

which set to form hardened cement. Initial 

setting is obtained approximately after three 

17
to four hours.  MTA slowly releases calcium 

hydroxide at least 3 months after initial 
18

mixing and placement. Heithersay suggested 

that calcium hydroxide released by MTA can 

activate the pyrophosphatase enzyme that 

interacts with precapillary sphincters to 

reduce local blood flow and induce hard 
19,20

tissue formation.

Initial pH of  MTA is 10.2 that increases 

during setting reaction to a pH of  12.5 due to 

the calcium hydroxide released from the 
12

setting material.  The therapeutic mechanism 

of  MTA is due to the high pH of  the setting 
21

material.

As noted, the characteristic that distinguishes 

MTA from other materials used to date in 

endodontics is its hydrophilic properties. 

Materials used to repair perforations, to seal 

the retro-preparation in surgical endodontics, 

to close open apices, or to protect the pulp in 

direct pulp capping are inevitably in contact 

with blood and other tissue fluids. Moisture 

may be an important factor due to its 

potential effects on the physical properties 

and sealing ability of  the restorative materials. 
9

As shown by Torabinejad et al,  MTA is the 

only material that is not affected by moisture 

or blood contamination; the presence or 

absence of  blood seems not to affect the 

sealing ability of  the mineral trioxide 

aggregate. In fact, MTA sets only in the 

presence of  water. MTA being hydrophilic 

requires moisture to set. Presence of  

moisture during setting improves the flexural 

strength of  the set cement. Therefore, it is 

advised to place a wet cotton pellet over the 

MTA in the first visit followed by 

replacement by a permanent restoration at 

the second visit. The long setting time is one 

of  the drawbacks of  MTA and hence should 

not be applied in 1 visit. Inter-appointment 

moist cotton pellet is required till the final 

setting of  MTA.

MTA powder must be kept tightly closed to 

avoid degradation by moisture. The mixing 

time is critical as, if  the mixing time is 

prolonged; it results in dehydration of  the 
22

mix. Torabinejad and Chivian  advocated 
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that after mixing, the mix should be cover 

with moistened cotton pellet because if  it is 

left open, it undergoes dehydration and dries 

into a sandy mixture. MTA may be placed into 

the desired location using ultrasonic 

condensation, plugger, paper point or 

specially designed carriers and messing gun. 
23

Aminoshariae et al.  (2003)compared hand 

condensation and the ultrasonic method and 

found that a better adaptation of  MTA to the 

walls with less voids in hand condensation 

compared to the ultrasonic method. Lawley et 
24

al.  (2004) concluded that after 90 days, the 

ultrasonically placed MTA followed with 

composite provided a significantly better 

MTA seal compared with the hand 
25

condensation. Nekoofar et al. (2007)  

compared the method and pressure of  

condensation and found that condensation 

pressure may affect the strength and hardness 

of  MTA. 

Compressive strength

17
Torabinejad M, et al.  (1995) studied physical 

properties of  MTA and found that 

compressive strength at 24 hours 40.0 MPa 

and at 21 days 67.3MPa; and in comparison, 

between GMTA and WMTA result showed 

that compressive strength of  Gray MTA > 

White MTA.

Radio-opacity

27 28
Ding SJ  (2008) & Shah PMN  (1996) found 

that MTA has comparable radiodensity as 

Zinc Oxide Eugenol and it is less radio 

opaque than Super EBA, IRM, gutta-percha 
2 6

or amalgam. Torabinejad M (1995) 

concluded that the mean radio opacity of  

MTA is 7.17 mm of  equivalent thickness of  

aluminium, which is adequate to make it easy 

to visualize radiographically.

Solubility

The set MTA shows no signs of  solubility. 

But if  more water is used during mixing, the 

MTAmay result in increased solubility. 
29

Buding  (2008) found that the set MTA when 

exposed to water, releases calcium hydroxide 

or Ca(OH)2. Ca(OH)2 might be responsible 

for its cementogenesis-inducing property. 

During setting reaction if  mix is exposed to 

acidic environment it does not interfere in the 
.30

setting

Marginal adaptation and sealing ability

31
Bates et al.  (1996) found that MTA is 

superior to the other traditional root-end 
32

filling materials. Shipper et al.  (2004) and 
33

Torabinejad et al.  (1995) explained that 

MTA has excellent sealing ability which may 

occur because MTA expands during setting 

reaction. In presence of  moist environment, 

sealing ability of  MTA is enhanced due to the 

setting expansion.So it is been suggested that 

a moistened cotton pellet should be placed in 

contact with MTA before placement of  the 
.34 

permanent restoration. Valois et al (2004) 

found that about 4-mm thickness of  MTA is 

sufficient to ensure a good sealing.

Antibacterial and antifungal property

3
Torabinejad et al  demonstrated that the 

antibacterial properties of  MTA are superior 

to that of  amalgam, IRM (a zinc-oxide 

eugenol cement reinforced with polymethyl 

methacrylate), and SuperEBA (a zinc-oxide 

eugenol cement reinforced with aluminum 

oxide and with ethoxybenzoic acid). 

Nonetheless, its antimicrobial spectrum is 

limited, and if  bacterial contamination is 

suspected or if  acute inflammation is present, 

it is advisable to raise the pH and disinfect the 

root canal using a calcium hydroxide paste for 
.3

one week before MTA Furthermore, the 

marginal adaptation and sealing properties of  

MTA are far superior to amalgam, IRM, and 
3,31,33-37 38

SuperEBA.  Al-Hazaimi et al.  (2006) 

stated that MTA has an antibacterial effect, 

especially against Enterococcus faecalis and 

Streptococcus sanguis.

Reaction with other dental materials

39
Nandini S et al. (2006)  found MTA does not 

react or interfere with any other restorative 

material. When GIC or composite resin is 

placed over MTA, it doesn't affectthe setting 

reaction. Srinivasan V et al40 (2009) stated 

that residual calcium hydroxide may interfere 

with the adaptation of  MTA to dentinal wall. 

This results in reduced sealing ability which 

occurs by a mechanical obstacle of  Ca(OH)2 

particle by chemically reacting with MTA.

Biocompatibility
41,42

In terms of  biocompatibility, Koh et al  and 
43

Pitt Ford et al  demonstrated the absence of  

cytotoxicity when MTA came in contact with 

fibroblasts and osteoblasts, and the 

formation of  dentin bridges when the 

material was used for direct pulp capping. 
3,15-17

Other studies demonstrated the growth 

of  cementum, periodontal ligament, and 

bone adjacent to MTA when used to seal 

perforations, as well as when employed as a 

retro-filling material in surgical endodontics.
45

Kettering and Torabinejad  (1995) compared 

MTA with Super EBA and IRM and found 

that MTA is not mutagenic and less cytotoxic. 
46

Sumer et al.  (2006) concluded that MTA is 

well tolerated by the tissues and is 
47

biocompatible. Arens and Torabinejad  

(1996)treated furcation perforations and 
48 

osseous repair with MTA. Pelliccioni et al.

(2004) evaluated osteoblast-like cell response 

to MTA and result showed MTA has good 

interaction with periapical and peri-radicular 

tissues. MTA has potential effect on cell 

viabilities and collagen release mechanism. 
49

Koh et al.  (2001) concluded that MTA had 

the property to produce interleukinsand also 

offers a biologically active substrate for bone 

cells.

Tissue regeneration

50
Torabinejad et al  (1995) concluded that 

MTA has the potential to activate the 

cementoblasts and eventually cementum is 

produced. MTA also allows the overgrowth 
51

of  PDL fiber over its surface. Schwartz et al  

(1999)reported that MTA helps in 

elimination of  clinical symptoms and 

promotes bone healing. These properties of  

MTA determine it as a potential regenerative 

material.
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Mineralization

It was determined that MTA, similar to 

calcium hydroxide, induces formation of  
52dentin bridge. Holland et al.  (1999) 

theorized that the tricalcium oxide content 

of  MTA interacts with tissue fluids and 

formsCa(OH)2, resulting in hard-tissue 

creation in a manner similar to that of  
53Ca(OH)2. Faraco et al.  (2001) concluded 

that the dentin bridge formed with MTA is 

relatively faster, with good structural 

integrity than with Ca(OH)2. According to 
54 55Dominguez et al  (2003) and Tziafas  

(2002) MTA stimulates reparative dentin 

formation along with maintaining the 

integrity of  the pulp.

Drawbacks of  MTA

Tooth discolouration caused by white MTA 

used for the management of  a complicated 

crown fracture via partial pulpotomy has 
56been reported.  High price and long setting 

time are two other main drawbacks of  
.57MTA

Conclusion
MTA is a biocompatible material with 

various stirring applications in dentistry. 

Apart fromits clinically desirable quality of  

being nontoxic, resistance to micro leakage, 

non–resorbable and ease of  clinical 

manipulation; MTA has high pH similar to 

calcium hydroxide and thus induces the 

hard tissue formation often after the use of  

this substance. Hence, MTA offers to be a 

great choice in various treatment aspects of  

dentistry. However, future calls for 

technical improvements, faster setting time 

and adhesion of  MTA to the tooth 

structure for better prognosis.

Fig. 1: Indirect pulp Capping using MTA. A. Pre-operative clinical 
picture with respect to 36, B. Caries excavation, C. MTA application, 
D. GIC Base application, E. Composite restoration, F. After finishing 

and polishing

Fig. 2: Direct pulp capping. A. Pre-operative Clinical picture with respect to 

36, B. Pre-operative Radiograph, C. Caries excavation with less than 1 mm of

 pulp exposure, D. Direct Pulp capping using  MTA, E. Radiograph 

showing placement of  flat cotton pellet between MTA and temporary 

restorative material, F. GIC base application, G. Composite 

restoration, H. Immediate post-operative radiograph, I. 6 months follow-up

Fig. 3. Partial pulpotomy using MTA. 

A. Pre-operative clinical picture with respect to 46, 

B. Carious exposure of  more than 2mm, C. Extirpation 

if  coronal pulp and haemostasis, D. MTA application, 

E. GIC base, F. Selective etching, G. Application of  

Bonding Agent, H. Composite restoration
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Fig. 4. Radiographic images of  pulpotomy. A. Pre-operative radiograph, 
B. Temporization after pulpotomy, C. Immediate post-operative radiograph 

after final composite restoration

Fig. 5: Apexification using MTA.

 A. Pre-operative clinical picture showing discolouration wit 21, 

B. Pre-operative radiograph, 

C. Working length radiograph, 

D. Calcium hydroxide closed dressing, 

E. MTA apical plug, 

F. Obturation, 

G. Composite post-obturation restoration
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Fig. 6. Steps in regeneration using PRP. A. Pre-operative clinical image, B. Access opening under rubber dam isolation, 

C. Metronidazole, ciprofloxacin, and minocycline for triple antibiotic paste, D. Collection of  blood in vacutainer, 

E. Standard laboratory centrifuge, F. Fractionation of  blood after first spin, G. After filtration of  buffy coat, 

H. Platelet rich plasma at the bottom of  the test-tube after second spin, 

I. Addition of  Calcium Chloride and Thromboplastin, J. cPRP in a sterile dappen dish, 

K. Induction of  bleeding in canal, L. Mixing collagen sponge with cPRP, 

M. Introduction of  cPRP induced collagen in the canal, N. Formation of  MTA plug

Fig. 7: A. Pre-op intra-oral periapical radiograph, 

B. Working length, C. Triple Antibiotic paste closed dressing, 

D. Immediate post-operative radiograph showing MTA plug, 

E. 6 months follow-up showing marked apical closure and reduction in peri-apical radiolucency
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Fig. 8: Steps in apicoectomy. 

A. Pre-operative clinical image, 

B. Raising of  full thickness mucoperiosteal flap, 

C. Root-end preparation, 

D. Removal of  gutta percha using AS6D ultrasonic tip, 

E. Retrograde placement of  MTA, F. Suture placement
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