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I am extremely glad that the third edition of our college journal is being published. 

The journey of last 15 years of  this institution has seen an exponential  growth in terms of technological 
advances, academic felicitations, alumni success, and overall development of the institution.

The constant pursuit of quality education, global competency and practice of recognized standards 
and methodologies has won the institution the present acclaim and recognition.We strive to achieve 
excellence in all spheres, be it at a professional level or in an individual level.

Our college has always been on a forefront in organizing conferences, conventions, publishing 
academic journals, to encourage the exchange of scientific ideas amongst the students and faculty.

Journals have become deeply embedded in academic infrastructure.  The academic journal is still 
perceived as an important and robust method of publishing scientific ideas, despite innovations in 
communication.The articles are often selective and specialised in their coverage. 

The importance of journals in academic life goes beyond providing a means of communication and a 
permanent record. Journal articles are the final output of most research. A researcher’s performance 
and productivity are judged largely on the number of publications as well as where they appear. 

My appreciation goes to all the contributors to make our college journal a masterpiece of academic 
and scientific excellence.

Best wishes to all.

From the MD’s Desk

Dr. T.Ramesh, M.D.,
Correspondent
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Principal’s Message

Warm Greetings to everyone!

           It is a moment of pride and honour to accomplish our effective contribution for Dental fraternity 
and Dental literature through our journal of contemporary Dental Research (JOCDR). It is an almost 
privilege for the institution to witness the ever ending guidance and unconditional support by our 
beloved correspondent sir, without whom this milestone achievement wouldn’t have been possible. 
Periodic evolution in Dental sciences, constant improvement and refinement in day today Dental 
practice and newer innovations in Dental delivery is our motto.  

The primary aim of the college journal is to provide a platform for students, research scholars, 
academicians and researchers to publish their innovative research ideas as well as original research 
findings and attain their recognition in the Dental literature

It is our ongoing mission to advance dental medicine and promote dental sciences by publishing high-
quality papers relevant to everyday dental practice and motivate young researchers, to support their 
efforts in making the first steps in the world of scientific publications so that they can become the great 
future of dentistry.

A heartfelt appreciations and congratulations to the students, faculties and other contributors, whose 
papers are published in this issue of the journal and simultaneously encourage all the students to 
contribute their research papers and articles for the successive issues of the Journal.

Our focus is to provide a wholesome development, which covers not only the best possible academic 
and research environment for our graduating students but also make them competent enough to take 
care of society with a humanitarian touch aiming at ‘Service above Self ’

Best wishes to all.

Dr. A.Vasanthakumari, M.D.S.,
Principal
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MESSAGE FROM EDITOR -IN - CHIEF

To achieve and promote excellence in publications and applied research, our college has taken the 
initiative to publish staff and students research papers and articles through the college journal. The 
December 2020 issue of The Journal of contemporary dental research brings even more research 
content. There is a total of 10 articles of which there are 3 original research papers, 3 case reports, and 
4 review articles. 

I would like to take this opportunity to express my sincere gratitude to the reviewers and members 
of the editorial board for their collective effort and dedication to The Journal of contemporary dental 
research.  We have been extremely happy to receive the insights and reviews performed for the Journal, 
which in many cases have substantially improved the quality of our published articles. Our main 
focus will be to continue publishing high-quality research articles that help the professionals in our 
fraternity to navigate today’s complex care environment. I thank all of our submitting authors who 
have toiled in the production of their work and have made this issue possible. 

Dr. K. Prabhu
Editor - in – Chief
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ABSTRACT
Hair transplant surgery is the specialty surgery long performed 

by Plastic surgeons and General surgeons in yester years. This 
article sites various methods and tie up of Oral & Maxillofacial 
surgeons involved in this raw area in the recent decade

INTRODUCTION :
Hair transplantation is one of the most rapidly evolving 

procedures in aesthetic surgery, accompanied by regular 
improvement in techniques (1). Hair transplantation refers to a 
surgical technique in which the hair of the posterior scalp, which is 
not affected by hormones, is extracted, separated into hair follicle 
(HF) units, and transplanted into a hair-deficient area of the scalp. 
This minimally-invasive surgery is mainly used to treat hair loss in 
men. According to the International Society of Hair Restoration 
Surgery, the global market for hair transplantation has increased 
by 76% from 2006 to 2014(2,14). Oral & maxillofacial surgeons 
practice in hair transplant surgery has found to be increased in the 
recent decade (3, 15,). The harvest of hair graft has been in speculation 
which was clarified by DCI India in response to an RTI query, the 
Dental Council of India, issued a reply dated December 15, 2015. 
that ‘As per revised MDS regulations 2007 notification, a qualified 
oral	maxillofacial	surgeon	is	eligible	to	harvest	rafts	and	free	flaps	
from the distant sides(sic) such as fibula, ilium and radial forearm. 
A copy of the relevant pages (59–62) of Revised MDS Course 
Regulations 2007 is enclosed herewith (16).

HISTORY OF HAIR TRANSPLANT :
Transplantation of hear-bearing grafts has been done with 

varying success since the early 1800s. The possibility of successful 
hair transplantation in animals was demonstrated as early as 1804 
or 1818 by Baronio. In 1939 a Japanese dermatologist, Okuda 
(4,5), first described the use of small full-thickness grafts for the 
correction of alopecia of the scalp, eyebrow, and moustache areas 
in severely burned patients. Because of World War II, his work did 
not become recognized outside Japan until many years later. The 
principles of hair transplantation to treat male pattern baldness 
were first described by Orentreich (6) in 1959. It was Orentreich 
who introduced the concept of donor dominance that was further 
developed in the mid -1950s. Even nowadays the main principles of 
hair transplantation remain the same. In most of the countries, the 
hair transplantation is a surgical procedure and only surgeons can 
perform it. There are different medical specialties interested in the 
field of hair microsurgery: Oral and Maxillofacial Surgeons, Facial 
Plastic Surgeons, General Plastic Surgeons, ENT, Dermatologist, 

and in some circumstances even 
Neurosurgeons (to treat scars on 
the scalp) (12).

ANATOMY OF HAIR :
Hair arises from the scalp; 

each hair arises from a follicle 
consisting of epidermis that has 
invaginated the dermis to form a 
sleeve-like structure. The base of 
the follicle is intimately associated 
with the dermal papilla, and hair 
is the product of interaction and 
communication between dermis 
and epidermis. The hair shaft 
consists of Keratinocytes that 
are compacted and cemented 
together. The final product is 
remarkably strong and resistant to 
the extremes of nature. 

The site of attachment of the arrector pili muscle and the 
sebaceous gland act as anatomical boundaries separating the hair 
follicle into three parts:
1. The bulb, which extends from the base of the follicle to the 

insertion of the arrector pili muscle 
2. The isthumus, which extends from the to the insertion of the 

arrector pili muscle to the sebaceous duct
3. The infundibulum, which runs from the insertion of the 

entrance of the sebaceous duct to the follicular ostium.
Each terminal hair consists of either two or three elements 

depending on weather it is sufficient size and caliber to develop 
a central core or medulla. If present, this central medulla, which 
arises from hair matrix cells, may occur intermittently along the 
hair. It is encased by the hair cortex, which forms the major part of 
the hair shaft and contributes most to the color and the mechanical 
properties of hair. The cortex is in turn encircled by the hair cuticle, 
a shield that protects the hair cortex is responsible for the texture 
of hair (7). 
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PATHOPHYSIOLOGY :
Androgenetic alopacia 

is the most common form 
of Baldness. Androgenetic 
alopecia is further 
classified as Male and 
Female pattern baldness 
under which numerous 
authors Beek (1950), 
Hamilton (1951), Ogata ( 
1953), Settee (1970), have 
given classification and 
the most widely accepted 
among them is Norwood’s 
(1975) classification of 
Male & Female pattern 
Baldness13. The clinical 

onset of baldness in both men and women is generally around the 
age of 30 to 40 years. A strong family history is one of the best 
indicators of male pattern baldness or androgenic alopecia, which 
is the most common cause of hair loss. An autosomal dominant 
genetic linkage is believed to cause this hair loss. Male pattern 
baldness may begin in the teen years, and becomes more common 
with increasing age. It is known that the male hormone, testosterone, 
gets converted to another male hormone, 5-dihydroxytestosterone 
(5-DHT),	in	the	hair	follicles.	Under	the	influence	of	5-DHT,	hair	
follicles in the front and the top of the scalp begin to become more 
fine over the years in genetically susceptible men. Hair growth also 
gets restricted and eventually the hair disappears completely. Like 
most tissues, hair undergoes a continuous turnover throughout 
life. Hair follicles are replaced periodically, and at any given time, 
they are in one of three stages of their growth cycle. The actively 
growing stage (anagen phase) is followed by a brief period of 
morphological change or the involution stage (catagen phase). 
This is then followed by a resting stage (telogen phase). In normal 
human beings, the total number of scalp hair is usually 100,000. 
Hair grows at the rate of 1–2 cm every month and the duration 
of the anagen phase is 2–4 years while that of the telogen phase 
is 100 days. Approximately 40–100 hairs are shed daily; this rate 
increases in late summer and early autumn, and decreases in late 
winter or early spring, due to the effects of temperature. Norwood 
has classified baldness into seven stages. In women, the frontal 
hairline is usually spared and baldness in females has been classified 
separately by Ludwig (1). Alopecia, the term for generic hair loss, 
involves a diminution of visible hair. There are numerous types of 
alopecia. The most common form of surgically treatable alopecia 
is androgenic alopecia (AGA). Throughout time, the presence of 
scalp hair has represented attributes of health, vigor, vitality, and 
strength. Accordingly, loss of hair in men (MAGA, or male pattern 
androgenic alopecia) and especially women (FPHL, or female 
pattern hair loss) can have significant psychosocial effects (8).

SURGICAL TREATMENTS IN HAIR TRANSPLANT :
In contemporary practice, follicular units can be obtained 

either through strip excision of the donor scalp with subsequent 
microscopic tissue dissection (9) or by removal using a technique 
called follicular unit extraction (FUE) (10).

STRIP EXCISION : 

This is the first and foremost procedure in Hair restoration 
surgery. In this method the donor site i.e. the back of the head 
is prepared and a strip of hair along with subcutaneous tissue 
is excised and hair follicles are implanted in the front region. In 
preparation for the strip harvest, the selected area of donor hair is 
trimmed to 4- to 5-mm length and the patient is positioned in a 
lateral decubitus position. An ellipse of donor scalp is outlined, and 
following the administration of local anesthesia, tumescent saline 
solution is infiltrated and graft is harvested as a patch. The entire 
harvested area is then closed directly with sutures. The important 
drawback of this method is donor site morbidity (9).

FOLLICULAR UNIT EXTRACTION :
Follicular unit extraction is an alternative method of donor 

harvest. This technique is essentially a refined “micropunch 
grafting” version of the older punch graft technique. Using the 
current technique of FUE, 1 FU is removed at a time. There are 
several techniques and instruments to perform FUE. These include 
manual, power-assisted, and automated methods (10). Follicular 
unit extraction comprises approximately 22% of all hair restoration 
donor harvest procedures performed, as reported in a worldwide 
poll of hair restoration surgeons (11). To extract FUs with FUE, the 
punch must be aligned with the direction of emergence of the hair 
shaft, which must remain in the center of the punch. The use of 
high-power magnification glasses (4-5x) is important because they 
make greater precision possible in the extraction. With modern 
punches, the hair must be cut to a length of 1 to 2mm to see 
the angle of emergence; however, new punches not yet available 
commercially are being developed to permit extractions with long 
hair. The angle of emergence of the hair changes depending on 
the area of extraction. The hair emerges at a more acute angle in 
the temporal region and at the borders of the scalp. One of the 
recommended techniques to make the follicle adopt a more vertical 
position and thus facilitate extraction is to inject saline solution 
(tumescence) immediately prior to incision with the punch (20). The 
depth to which the punch should be introduced varies depending 
on whether a sharp, blunt, or hybrid punch is being used. Sharp 
punches are usually introduced to a depth of 2.5 to 3mm; deeper 
than this (below the level of insertion of the arrector pili muscle), 
the deeper segments of follicles in anagen diverge, increasing the 
risk of transection. Blunt and hybrid punches, because of their 
greater dissecting and lesser cutting effects, can be introduced 
deeper (>4mm) with less risk of transection. However, blunt 
punches have a higher risk of pushing the graft into the dermis 
(buried grafts).
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ADVANTAGES & DISADVANTAGES :
One of the novelties of FUE has been the possibility to extract 

FUs from other body areas. This is useful in patients in whom the 
donor area of the scalp has a low density of FUs, as often occurs in 
patients who have undergone a number of previous transplants. 
The area of body hair most commonly used is the beard, especially 
the submandibular region. Other areas from which follicles can 
be extracted are the chest, abdomen, pubis, legs, and axillas (18,19).
One undeniable disadvantage of FUE is that the procedure is 
very laborious and demanding on the surgeon. Depending on the 
surgeon’s expertise, it can take 1.5 to 3hours to obtain 1000 grafts 
using FUE, making this is a very surgeon-dependent technique. 
Most surgeons limit sessions of FUE to a maximum of 1500 to 
2000FUs per day so as not to excessively prolong operating times(17).  
In the experience of the authors, when 2000 or more FUs need 
to be extracted, it is preferable to do this on 2 consecutive days 
not only to limit operating times but also to minimize potential 
damage to the grafts.

CONCLUSION :
Hair restoration surgery has developed into a highly sophisticated 

subspecialty that offers significant relief to patients with hair loss. 
This aspect of cosmetic surgery is a very welcome addition to a 
traditional aesthetic practice and serves as a tremendous source 
for patient satisfaction and internal cross-referral. The results of 
hair restoration are natural, enduring, and are performed with 
a very high level of patient safety. This degree of refinement 
has been established through an improved understanding of 
hair biology and physiology as well as the incorporation of 
standard microsurgical techniques. The combination of different 
surgeries based on patient selection is necessary since each has 
its uniqueness. Recent advances in technology have made hair 
replacement surgery a viable option for many people but we must 
utilize this technique prudently. It is very important to form a team 
because one individual cannot perform the entire procedure single 
handedly. Fine tuning and accuracy in all steps of the surgery are 
essential to get good results. No compromise should be made with 
proper lighting in the operating room and with the quality of the 
instruments. A comfortable ambience in the operating room and 
use of audio-visual entertainment break the monotony, both for 
the patient and the surgical team.  Ideally the transplant surgeon 
should know and be able to perform the 2 techniques (FUE and 

strip) to be able to use the most appropriate one for each patient 
and not the most convenient one for the surgeon. The most 
interesting advantages of FUE compared to FUT are the reduction 
in postoperative discomfort in the donor area and the lower 
visibility of the pinpoint scars. The main disadvantages of FUE are 
that it is more laborious, leading to longer operating times, and its 
long learning curve.
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INTRODUCTION : 
The term “AMELOBLASTOMA” was coined by Churchill in 

1934 and it is the second most common odontogenic neoplasm. 
[1] Odontogenic tumours are epithelial or mesenchymal in 
origin derived from remnants of the tooth forming apparatus. 
[2] These tumors comprise a complex group of lesions of diverse 
histopathological subtypes and clinical behavior.[3] Ameloblastoma 
is a true benign neoplasm with a particular tendency to arise from 
enamel organ type tissue and does not undergo differentiation 
to the point of enamel formation.[1,3] It is a locally aggressive 
and an invasive tumor.[4] involving all areas of the jaw bones 
especially the mandible where the molar-angle region being the 
most affected site.[1,5] Ameloblastoma is of significant concern due 
to its high incidence rate among all odontogenic tumors and its 
infiltrative and recurrence potential combined with its varieties 
of histopathological patterns.[6,7] It accounts for only 1% of all 
odontogenic tumours. [8] The tumour occur in three different clinic 
radiographic situations as conventional solid or multicystic about 
(86%) of all cases; unicystic about (13%) of all cases; and peripheral/
extraosseous; about (1%) of all cases.[8,9] The ameloblastoma, is said 
to be of varied origin and they may be originated from cell rests 
of enamel organ, epithelium of odontogenic cysts, disturbances of 
developing organ, basal cells of surface epithelium and heterotrophic 
epithelium in other parts of the body.[10] The current World Health 
Organization (WHO) classification of odontogenic tumors divides 
ameloblastoma into four types: solid/multicystic, extraosseous/
peripheral, desmoplastic, and unicystic types.[11]Granular cell 
ameloblastoma is one of the histological patterns comprised in the 
solid/multicystic type of ameloblastoma.[12,13] They are uncommon 
lesions accounting for about 3-5% of all histologic subtypes of 
ameloblastoma.[7,12] The presence of granular cell ameloblastoma 
was first described by Krompecher in 1918 and because of their 
foamy appearance he referred to them as  pseudoxanthomatous 
cells.[12] This type of ameloblastoma appears to be aggressive and 

several cases have been reported as metastasizing lesions.[1] This 
article is a case report and review of literature enhancing the 
features of Granular cell ameloblastoma.

RADIOGRAPHIC FINDINGS :
OPG showed an expansile radiolucent lesion in left posterior 

mandible from the roots of first molar extending posteriorly till 
the base of coronoid and condylar process, inferiorly to the base of 
mandible and roots of first and second molar were resorbed. Third 
molar was found completely impacted [Figure 2].
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ABSTRACT
Ameloblastoma is a benign epithelial odontogenic tumor which is considered as 

locally aggressive lesion. Although it is the most common odontogenic neoplasm, 
it accounts for only 1% of all jaw tumors. Granular Cell Ameloblastoma (GCA) is a 
rare variant with a unique histopathology accounting for 3%–5% of ameloblastomas. 
It is characterized by the presence of large masses of granular cells located within the 
follicles. The transformation of lesional epithelial cells into granular cells is due to 
a dysfunctional status of neoplastic cells or degenerative process in a long-standing 
lesion. Studies have revealed that cytoplasmic granularity is caused by lysosomal 
overload. Reports found in the literature suggests that this lesion is usually found 
exclusively in the posterior region of the lower jaw.

 This is a case report of a 32yr old male patient highlighting its clinical, 
radiological and unique microscopic features with a review from literature for a better 
understanding about thisrare entity. Granular Cell Ameloblastoma is considered as a 
rare entity with a high incidence of recurrence and metastasis.

Fiure1: swelling in posterior mandibular region

Figure 2: Radiolucent lesion extending in
posterior mandible
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Axial cuts of computed tomographic image showed radiolucent 
lesion in left mandibular posterior region eroding the lingual 
cortex, expansion and thinning out of buccal cortex [Figure3]

Based on clinical and radiographic findings, a provisional 
diagnosis of Impacted 38 associated with Odontogenic tumor ? 
was given. Incisional biopsy was done under LA and the specimen 
was submitted for histopathological study to the Department of 
Oral and Maxillofacial Pathology. Received one bit of greyish white 
soft tissue measuring about 0.3cmx2cmx0.4cm in 10% Neutral 
Buffered  Formalin (NBF) for histopathological processing. The 
tissue was fixed, processed and stained with Hematoxylin & Eosin 
(H&E)

HISTOPATHOLOGICAL FINDINGS :
An area of the soft tissue section reveals stratified 

squamous cystic lining epithelium with basal cell layer showing 
hyperchromatic and polarized nuclei with sub nucleolar 
vacuolization [Figure4]. The suprabasal layer resembles stellate 
reticulum like cells. The connective tissue seems to be fibrocellular 
revealing numerous follicles of odontogenic epithelium with 
peripheral palisading polarized cells and central stellate reticulum 
like cells [Figure 5]. In most of the follicles, the cytoplasm of the 
central cells appear polygonal and reveals coarse eosinophilic 
granules [Figure 6]. The connective tissue also reveals numerous 
capillaries	 and	 few	 chronic	 inflammatory	 cells	 like	 lymphocytes	
and mostly plasma cells [Figure 7]. The center of few follicles reveal 
cystic degeneration. With the above findings, the final diagnosis 
was given as GRANULAR CELL 
AMELOBLASTOMA. 

DISCUSSION :
Ameloblastoma is a true neoplasm of enamel organ tissue type 

[1] It is the most common odontogenic neoplasm affecting the jaws 
accounting for 1% of all tumors of the maxilla and mandible and 
11% of all odontogenic tumors.[14] According to Robins, the tumour 
is described as unicentric, nonfunctional, intermittent in growth, 
anatomically benign and clinically persistent. [1]	It	is	chiefly	a	lesion	
of adults, showing an approximately equal prevalence from 3rd to 
7th  decade with a peak incidence in the 4th and 5th decade of 
life. The tumor is rarely reported in children and has no significant 
gender predilection. It is found predominantly involving the 
posterior region and the angle of the mandible.[15, 16] Clinically 
they manifest as a bony hard swellings that may assume very large 
dimensions if left untreated. The tumor seems to be painless, slow 
growing, exhibiting facial deformity, malocclusion with occasional 
paresthesia of the affected region.[17,18]

Figure 3: CT image showing radiolucent lesion in left
mandibular posterior region

Figure 4: Under low power magnification (10 x) basal cell 
showing dark and polarized nuclei.

Figure 5: Under high power magnification (40x) Central 
cells exhibiting eosinophilic granules.

Figure 6: Under high power magnification (40x) Stellate 
Reticulum like cells and central cells with

Figure 7: Under low power magnification (10x) Connective 
tissue	showing	inflammatory	cells	and	blood	capillaries	
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Radiologically, ameloblastomas are present as an expansile 
uniloculated or multiloculated osteolytic lesion.[19] when the 
radiolucent loculations are large with thin internal septations 
which gives the classic “soap bubble” appearance and smaller 
loculations gives a ‘honey comb’ appearance.[15,18] The internal 
septations represent differential cortical resorption, rather than 
true compartmentalization of tumor tissue.[18] The periphery of 
the lesion is usually smooth and in the advanced lesions expansion 
and thinning of the cortical plates may be seen.1 They may also 
be associated with root resorption of adjacent teeth.[18] According 
to clinical and radiographic features, ameloblastomas are classified 
into conventional solid or multicystic, extraosseous or peripheral, 
and unicystic types.[3]

The ameloblastoma has a distinctive microscopic appearance 
characterised by the presence of peripheral columnar cells 
with hyperchromatic, reversely polarised nuclei, arranged in 
a palisaded pattern and central stellate reticulum like cells.
[2] The six histological variants of ameloblastoma are follicular, 
plexiform, acanthomatous, desmoplastic, granular and basal cell.
[1,5] The follicular and plexiform patterns are the most common 
histopathological subtypes and the less common subtypes include 
the acanthomatous, granular cell, desmoplastic, and basal cell.[15]

The Granular Cell Ameloblastoma is a locally aggressive tumor 
with a high frequency of recurrence and potential to metastasize 
[10,14] It is mostly found as a combination of different histological 
patterns, and they usually resemble the follicular type, but the 
epithelium, particularly in the central areas of the tumour islands, 
forms sheets of large eosinophilic granular cells.[5,20] It shows a 
slightly higher rate of recurrence of about 33.3% when compared 
with other common variants.[10,14]

GCA are characterized by groups of numerous granular cells, 
which have abundant cytoplasm filled with coarse eosinophilic 
granules.[4] The cytoplasmic granules have been identified 
ultrastructurally as lysosomal aggregates.[21] These granular 
cells are formed by transformation of lesional epithelial cells to 
represent aging or degenerative changes in long-standing lesions.
[6,22] The granular cells usually form the central mass of the epithelial 
tumor islands and cords. The periphery of the islands consists of 
nongranular columnar cells.[23] The granular cells may be large, 
round, cuboidal, columnar or polyhedral and the cytoplasm 
is densely packed with acidophilic granules and frequently 
demonstrate well-defined borders but, in some instances, form a 
syncytium.[8,21] The nuclei are generally pyknotic and eccentrically 
displaced with bulky cytoplasm filled with coarse eosinophilic 
granules indicating that there is an apoptotic process taking place 
[8,16] The granules are about 1 μm in size and giant granules are 
upto 30 μm in diameter that are rarely seen and they are present 
with diverse features such as finger-print-like membranous 
structures, myelin figures, small particles, granules, vesicles, lattice 
structures, and crystalloids representing different materials and 
stages of digestion of the lysosomal contents.[22] Granular cells are 
a transitional or matured phase in the life cycle of ameloblastomas, 
starting with normal stellate reticulum like cells, leading to 
production of granules and finally leading to degeneration and 

formation of cystic areas.[7] Ara SG et al suggested that the reason 
for granularity is due to lysosomal overload.[6] The cells are rich 
in lysosomal granules, in which there is marked transformation 
of the cytoplasm, usually of stellate reticulum-like cells, so that 
it takes a very coarse, granular, and eosinophilic appearance.[16] 
Hartman in 1975 supported the ageing phenomenon and from his 
study he observed that with increasing age more of unnecessary 
components gets deposited in the cytoplasm of tumour cells 
and the ability of the lysosomes to digest these components 
decreases and hence this granular change is thought to be due to a 
dysfunctional status of lysosomes in the tumour cells.[6,17] Increased 
apoptotic cell death of neoplastic cells and associated phagocytosis 
by neighboring neoplastic cells leads to cytoplasmic granularity.
[6,10] The nature of granular cells, is considered to be metabolic 
and another reason for granularity is the degenerative process, 
based on the increased expression of death signaling molecules.[4,6] 
Taneeru et al and Ara et al suggested these cells as autophagosomes. 
Though the synthesis of signaling molecules such as β-catenin and 
Wnt-5a is upregulated in the granular cells, their transportation 
or secretion is impaired. Thereby resulting in accumulation 
within the granular cells.[6,16,24] Differential diagnosis of GCA are 
Granular cell odontogenic tumour, Granular cell myoblastoma, 
Congenital epulis of new born.[5,6] The morphology of all granular 
cells is similar, but their origins are different. As per histogenesis, 
granular cell ameloblastoma is epithelial, while others appear to be 
of mesenchymal origin.[6,7] The granular appearance of the tumor 
cells can be seen in various otherodontogenic oral lesions, such as 
central and peripheral granular cell odontogenic tumor, granular 
cell ameloblastic fibroma, central granular cell odontogenic 
fibroma, calcifying epithelial odontogenic tumor, granular cell 
odontogenic cystand other lesions like Oncocytoma [2,7,22]. The 
granular cells are positive for periodic acid-Schiff, diastase resistant 
and PAS with diastase-positive for cytoplasmic granules. [6,8,16] 

Immunohistochemical expression seems to be positive for certain 
markers for example cytokeratin, CD68, BH3, Fas antigen, FasL, 
Caspase 3, alpha-1-antichymotrypsin, antitrypsin, keratins, as 
well as acid phosphatase and various oxidative enzymes[6,16,22,23]and 
certain markers show negative expression those being vimentin, 
S-100 protein, Desmin, Bcl-2, acid phosphatase, caspase 9, protease 
activating factor 10, α-naphthyl acetate, β-glucuronidase, desmin, 
neuronspecific enolase, and CD15 indicating epithelial origin 
and cytoplasmic lysosomal aggregation and not of mesenchymal, 
myogenic or neurogenic origin.[8,22,25]

CONCLUSION :

GCA is a rare tumor having specific histopathological findings 
with granular cells. This tumor can be differentiated from the 
other histological subtypes for which histopathological study is the 
only scope as the tumor has a high recurrence rate. Though the 
recurrence rate is 33.3%, they may rarely behave in a malignant 
fashion giving rise to metastasis. It has been reported that GCA 
metastasizes to lymph nodes, lungs and cervical vertebrae. Hence 
a better understanding about the molecular pathogenesis of 
the tumor would help to improve the diagnosis and therapeutic 
procedures.
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ABSTRACT
OBJECTIVE

The objective of this questionnaire study is to assess 
the level of compliance in patients wearing removable 
orthodontic retainers and to evaluate the difficulties faced 
by the patients

MATERIALS AND METHODOLOGY 
Patients who underwent treatment for Class I bimaxillary 

protrusion, and extraction treatment requiring Hawley’s 
retainer and Begg’s wrap-around retainer were included in 

the study. A questionnaire comprising of 16 questions were distributed 
after 1 month wear time of removable retainers for 100 patients over a 
period of 6 months. The response was recorded and analyzed.

RESULTS :
Analysis of this questionnaire investigation using descriptive statistics 

revealed that most of the patients were comfortable with the removable 
orthodontic retainer and only about 9% of the patients were not 
comfortable with the removable retainer. About 64% of the patients had 
initial discomfort during the first week of appliance wear and later got 
accustomed to the appliance.

CONCLUSION :
The present study concluded that about 91% of the patients were 

comfortable wearing removable retainer appliances. Only very few 
patients have reported having difficulty during mastication, speech, or 
during removal and insertion. About 64% of the patients have experienced 
initial discomfort during the first week of use of the appliance. Careful 
fabrication of the removable retainer, along with proper post insertion 
instructions	to	the	patient	has	a	major	influence	on	the	patient	compliance	
and outcome of the treatment.

INTRODUCTION :
The success of orthodontic treatment is reliant on several 

factors, including accurate and individualized diagnosis, appliance 
selection, and fabrication, duration of wear, and most importantly 
the	 compliance	 of	 the	 patient.	The	major	 factor	 that	 influences	
Orthodontic treatment outcome is the stability of the treatment 
and the type of retention that is followed. Removable orthodontic 
retainers have been widely used for retention following orthodontic 
treatment. 

To achieve successful orthodontic treatment results, removable 
retainers should be worn for a prescribed duration and it is known 
that patient adherence in wearing their devices is particularly 
important for optimal therapeutic progress.[1]

Patient compliance is of crucial importance for successful 
outcomes in orthodontic treatment, especially when removable 
retainers are used.[2,3]   Haynes defined Compliance as the extent 
to which a person’s behavior (in terms of taking medications, 
following diets, or executing lifestyle changes) coincides with 
medical or health advice.[4] Factors such as personal mentality, 
selfesteem, optimal doctor-patient relationship, cost of the 
appliance, maintenance, and type of appliance used have a potential 
influence	on	the		compliance	of	the	patient.[3,5]

Lack of patient compliance can result in undesirable treatment 
outcomes. Therefore it is necessary to assess the compliance of 
the patient. Compliance can be assessed by direct and indirect 
measurements. Direct measurement of objective compliance 

refers to timing devices that are incorporated into the removable 
appliance.[6] Indirect measurements are subjective compliance 
judgments or estimates by the patient and orthodontists.[7]

The willingness of the patient to wear a removable appliance 
is	 mainly	 influenced	 by	 their	 age,	 gender,	 maturity,	 motivation,	
the type of appliance used, and also the esthetic improvement 
as promised. Patient compliance for the removable orthodontic 
retainer is more important and its objective assessment necessitates 
the problems encountered by the patient and measures to overcome 
the difficulties in wearing the removable appliance. 
Hence a questionnaire study was conducted to identify the patient 
compliance in wearing a removable retainer and the difficulties 
that are encountered by the patient.

AIM & OBJECTIVE
The study aims to assess the level of compliance in patients 

wearing removable orthodontic retainers.
     The purpose of the study was to determine the effects of 

appliance fabrication and motivation to the patients as a factor 
on patient’s compliance who seek orthodontic treatment at 
Adhiparasakthi Dental College and Hospital, Melmaruvathur

MATERIALS AND METHODOLOGY
     Patients who reported to the Department of Orthodontics 

and Dentofacial Orthopedics, Adhiparasakthi Dental College and 
Hospital, Melmaruvathur and treated with the fixed orthodontic 
appliance and who require Hawley’s retainer or Begg’s wrap-around 
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retainer for retention were chosen for the questionnaire study. This 
study included 100 patients who reported to the department over 
a period of 6 months.     Patients who underwent treatment for 
Class I bimaxillary protrusion, and extraction treatment requiring 
Hawley’s retainer and Begg’s wrap-around retainer in the age group 
from 19 to 28 years were included in the study. Hawley retainer 
consists of an acrylic base plate, labial bow (0.028-inch stainless 
steel) fitted from canine to canine for retaining the position of 
anterior teeth and Adams clasps (0.028-inch stainless steel) adapted 
on posterior teeth for retention.  Begg’s wrap-around retainer 
(0.028-inch stainless steel)consists of a labial bow that extends till 
the last erupted molar and curves around to end in acrylic plate. 
Carefully fabricated removable retainers were delivered to the 
patients, wherein appliance wear time was standardized by asking 
the patients to report the wear time of appliance after 1 week in an 
unbiased manner. A review of removable retainers was also done 

after 1 - month interval and the patients were asked to report the 
total time of appliance wear during the 1-month interval.

     Patients were asked to fill out the questionnaire comprising 
of 16 questions which included the comfort of the appliance, 
difficulties faced during appliance wear, and maintenance. 

     A total of 100 filled questionnaires were collected from the 
patients during their 1-month review appointment and the data 
were tabulated and analyzed with descriptive statistics.

     Parameters considered were the mean compliance of the 
overall sample and differences ascribable to wearing appliance 
every day, temporary stopping of wearing appliance, discomfort, 
difficulty in mastication, difficulty in removing and inserting 
appliance, bruxism after using the appliance, gagging, pain or 
ulcer during wearing of the appliance, preference of fixed over 
the removable appliance, cleaning appliance after every meal, 
observation interval and awareness of being monitored.

TABLE 1: THE QUESTIONNAIRE

S.no Questions Options

1 Are you feeling comfortable with the removable retainer? Yes
No

2 Are you wearing the appliance every day? Day and night
Only day
Only night

3 Have you temporarily stopped wearing the appliance? Yes
No

4 What is the reason for the cessation of wearing the appliance? Irritation
Gagging
Discomfort

5 Irritation Gagging Discomfort Yes
No

6 Do you have any difficulty in mastication? Yes

7 Have you felt any difficulty in removing and inserting the appliance? Yes
No

8 Do you have bruxism after using the appliance? Yes
No

9 Do you think that wearing an appliance will maintain teeth alignment? Yes
No

10 Have you felt gagging while wearing the appliance? Yes
No

11 Do you have any pain or ulcer while using the appliance? Yes
No

12 What steps have you followed to get rid of those discomforts? Visited dentist
Get used to it
None

13 Do you Prefer fixed retainer over removable retainer: Fixed retainer
Removable retainer

14 Do you clean the appliance after every meal? Yes
No

15 What method do you use for cleaning the appliance? Brush
Cotton

16 Do you have any discomfort during the first week of use of the 
appliance?

Yes
No
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RESULTS
     A total of 100 completed questionnaires were included in the 

study and the results were tabulated and analyzed with descriptive 
statistics. 

About 91% of the patients were comfortable in wearing 
removable appliance and about 21% of patients wear the appliance 
both during day time and night time whereas 30% wears during 
day time and 46% wears only during night time.

About 18% of the patients have temporarily discontinued 
appliance wear of which 54% of patients have discontinued 
because of irritation, and 46% of patients due to discomfort of the 
appliance.

The discomfort experienced during the speech was about 5% 
and during mastication was about 4%. About 43% of patients 
experienced gagging during appliance wear.

During appliance insertion and removal, 86% of patients did not 
show any difficulty but 14% of the patients had some discomfort.

Pain experienced during the wearing of removable retainer 
was about 20% in which 67% of patients visited dentists, 29% of 
patients accustomed to it. 

About 87% of the patients felt that wearing appliance adds to 
the increased efficiency of orthodontic treatment outcome. In this 
study, 61% of patients preferred fixed retainers over removable 
retainers. 

Maintenance and cleaning of the removable appliances are done 
by 96% of the patients in which 64% of the patients used brush 
and 36% of patients used cotton as a cleaning aid for removable 
appliance.

About 64% of the patients had initial discomfort during the 
first week of appliance wear.
FIG 1: PATIENTS RESPONSE TO THE 
QUESTIONNAIRE

FIG 2: APPLIANCE WEAR TIME BY THE PATIENT

FIG 3: REASON FOR TEMPORARY CESSATION OF 
APPLIANCE WEAR
Reasons for temporary cessat ion of appliance wear

FIG 4: AWARENESS REGARDING STABILITY WHILE 
WEARING RETAINERS

FIG 5: APPROACH TAKEN BY THE PATIENTS TO AVOID 
THE DISCOMFORT DURING APPLIANCE WEAR

FIG 6: METHOD USED BY THE PATIENTS TO CLEAN THE 
APPLIANCER
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DISCUSSION :
     The present study assessed the compliance of patients with 

removable retention appliances in a reasonable sample and for a 
limited period of time with accuracy. To minimize the selection 
bias, all the patients who entered our department within the 6 
months period of time for removable orthodontic retainers were 
selected for our questionnaire study. 

Several independent experimental studies have now confirmed 
that most patients do not adhere to the long standard wear time’s 
prescribed.[8] Our study showed that about 46 % of our patients 
preferred night-time wear, which has no statistical significance 
according to the randomized clinical trial conducted by Shawesh 
et al. in which the duration of appliance wear for labial segment 
irregularity or crowding was studied. Appliance wear during night 
time for 1 year and full-time wear for 6 months followed by night 
time wear for 6 months were both equally effective.[11]

According to a prospective evaluation by Mohamed Khan, 
speech impairment was considered as one of the reasons for poor 
patient compliance especially during the first week of appliance 
wear. But in our study, 95% of the patients felt comfortable during 
speech probably due to proper appliance fabrication.[12] In our 
study, about 18% of the patients have temporarily stopped wearing 
the appliance in which gagging, discomfort, and irritation were 
considered as the reason behind the temporary cessation. 

Since Hawley’s retainer does not cover the occlusal surfaces, 
they are less vulnerable for a breakdown under stress during 
mastication; therefore about 86% of patients have not experienced 
any difficulty during removal and insertion of the appliance.[13]

About 67% of patients have visited the dentist as an approach to 
avoid the discomfort, whereas 29% of patients got accustomed to 
the appliance which shows the effectiveness of the post-insertion 
instructions that are given to the patient.

Studies have observed that the combination between a 
mechanical and a chemical method reduced significantly the 
presence of microorganisms from removable appliances compared 
with other methods.[14,15] This is insignificance with our study 
where 64% of the patients use toothbrush as a mechanical aid in 
cleaning the removable orthodontic appliance.

The compliance of a specific type of appliance was not tested in 
the present study because of sample size considerations. Patients 
wear appliances for considerably less time than the duration that 
is self-reported. Compliance may be increased when patients are 
aware of monitoring; however, further research is required to 
identify effective interventions and possible barriers in order to 
improve removable orthodontic appliance compliance.[9]

Frequently, patient education programs are used in an attempt 
to achieve this goal. Yet, increasing patient knowledge has not had 
a reliable positive effect on behavior.[10]

CONCLUSION
     The present study concluded that about 91% of the patients 

were comfortable wearing removable appliances. Only very few 
patients have reported having difficulty during mastication, speech, 
or during removal and insertion. About 64% of the patients have 
experienced initial discomfort during the first week of use of the 
appliance.

Careful fabrication of the appliance is considered as the main 
factor	that	influences	patient	compliance	in	wearing	a	removable	
retainer. Also, awareness regarding appliance wear should be 
properly insisted on the patients, as this acts as a motivation for 
the patients. Adequate motivation of young patients would also 
increase the compliance of removable appliances.
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ABSTRACT
Aim: To assess the efficacy and reliability of two commonly used 
mixed dentition analysis – Moyers and Tanaka Johnston in Tamil 
population.

Materials & Methods:  
Fifty children aged 11-14 years were recruited. Upper and lower 
impressions were made to prepare the study casts.  The sum of the 
mesiodistal width of mandibular 4 incisors was measured from the 

casts and was used to assess the predicted mesiodistal width of the 
canine and the premolars using Moyer’s 75th probability level and 
Tanaka Johnson Model analysis.  The sum of the mesiodistal width 
of canine and premolars were also calculated from the casts and 
the actual values were noted.  The data were summarized as mean 
and standard deviation and the values were compared using paired 
‘t’ test. p value of <0.001 was considered statistically significant.

RESULTS :
Comparison of mean differences between both the analysis and 

the actual value showed statistical significance for both the arches 
among both the genders.

CONCLUSION : 
Moyer’s and Tanaka Johnson Model analysis overestimated the 

mesiodistal width of the canine and premolars when compared to 
the actual value.  Therefore, the applicability of both the analysis is 
questionable in Tamil speaking population.

INTRODUCTION :

The mixed dentition period is a critical period for the prevention 
or interception of any developing malocclusion.  Early diagnosis 
and successful treatment of dento-alveolar discrepancies can help 
in achieving the goal of occlusal harmony, function and dento-facial 
aesthetics.[1] The method of mixed dentition analysis is a diagnostic 
tool that allows to quantify crowding and to predict dentoalveolar 
discrepancy by identifying the available and necessary space 
for teeth not yet erupted. Several methods have been developed 
for estimating the mesiodistal widths of unerupted teeth. The 
development of these methods was based on the data derived from 
the population of various descents.[2]  Therefore, the accuracy of 
these prediction methods may be in question when applied to 
other population groups because it has been well established in 
the literature that tooth sizes vary considerably between the racial 
groups.[3] Hence, this study was an attempt to compare two types of 
mixed dentition analysis methods (Moyers, and Tanaka Johnston) 
and to determine the most applicable method for boys and girls of 
Tamil population.

Therefore, the aim of this study was to assess the efficacy 
and reliability of mixed dentition analysis – Moyers and Tanaka 
Johnston in Tamil population.

MATERIALS AND METHODS :

This study is a cross-sectional study, done with 50 Children 
(25 males and 25 females) of age group 11-14 years with the mean 
age of 12.5 years reporting to the Department of Pediatric & 
Preventive Dentistry.  Information sheets regarding the study were 
provided to the parents and consent forms were duly signed by the 

parents.  The recruitment was restricted to the children who had all 
the permanent teeth erupted except for second and third molars, 
who had no congenital craniofacial anomalies and no previous 
history of orthodontic treatment, who had intact dentition with 
no proximal caries or age-related attrition.  The most important 
criterion is that the parents of the subjects should be of Tamil 
speaking community. 

     Dental impressions were made with irreversible hydrocolloid 
alginate impression material and were poured immediately with 
dental stone to avoid any dimensional changes.

The mesiodistal dimensions of the mandibular permanent 
central and lateral incisors, the maxillary and mandibular 
permanent canines and the first & second premolars were measured 
using a digital caliper with a resolution of 0.01 mm.

Using the sum of the mesiodistal dimensions of the mandibular 
central incisors, Moyer’s and Tanaka Johnson mixed dentition arch 
analysis was carried out and the predicted mesiodistal dimensions 
of the permanent canines and premolars were calculated.  Predicted 
mesiodistal dimensions of permanent maxillary and mandibular 
canines and premolars were obtained from Moyer’s probability 
table at the 75th percentile.  The actual mesiodistal dimensions of 
the canine and premolars were also calculated.  All the data were 
tabulated and statistical analysis was performed for comparing the 
actual and predicted values. 

    The statistical analysis were performed using the SPSS version 
20 software.  Data were summarized as Mean ± standard deviation 
(SD).  The predicted and the actual values as paired observations 
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were compared using paired t-test (two-tailed test). Pvalue of 
<0.001 was considered statistically significant.

RESULTS :

The mean and standard deviation of the sum of predicted 
mesiodistal width of maxillary canine and premolars as assessed 
by Moyer’s analysis 75th percentile and Tanaka and Johnston 
analysis along with the mean and standard deviation of sum of the 
actual value of the mesiodistal width of the maxillary canine and 
premolars are tabulated in Table 1.   

Table 1: Mean and Standard Deviation of the sum of Mesiodistal 
width of maxillary canine and premolars gender-wise

Method Gender

Males Females

N Mean SD N Mean SD

Moyer’s Analysis 
(75th Percentile) 25 20.99 0.623 25 21.26 0.489

Tanaka and 
Johnston Analysis 25 21.09 0.687 25 21.33 0.481

Actual Value 25 19.23 1.364 25 19.39 0.142

The mean differences of mesiodistal width of maxillary canine 
and premolars for both males and females between both the 
analysis and the actual value were found to be significant (p<0.001), 
as shown in Table 2.   

Table 2: Comparison of mean differences between both the analysis 
and the actual value genderwise in the maxillary arch 

Gender Method Mean + SD ‘t’ test p-value

Males Moyer’s Analysis - 
Actual Value

1.751 +1.129 12.456 0.000*

Tanaka and Johnston - 
Actual Value

1.854 +1.112 12.675 0.000*

Females Moyer’s Analysis -
Actual Value

1.875 +0.926 15.876 0.000*

Tanaka and Johnston - 
Actual Value

1.943+ 0.734 15.987 0.000*

*Significant: p< 0.001

 The mean and standard deviation of the sum of predicted 
mesiodistal width of maxillary canine and premolars as assessed by 
Moyer’s analysis 75th percentile and Tanaka and Johnston analysis 
along with the mean and standard deviation of the sum of the 
actual value of the mesiodistal width of the maxillary canine and 
premolars are tabulated in Table 3.

   Table 3: Mean and Standard Deviation of the sum of Mesiodistal 
width of mandibular canine and premolars gender-wise

Method Gender

Males Females

N Mean SD N Mean SD

Moyer’s Analysis 
(75th Percentile) 25 20.78 0.656 25 20.44 0.543

Tanaka and 
Johnston Analysis 25 20.74 0.687 25 20.72 0.490

Actual Value 25 19.00 1.238 25 18.97 0.974

The mean differences of the mesiodistal width of mandibular 
canine and premolars for both males and females between both the 
analysis and the actual value were found to be significant (p<.001), 
as shown in Table 4.    

Table 4: Comparison of mean differences between both the analysis 
and the actual value genderwise in the mandibular arch 

Gender Method Mean + SD ‘t’ test p-value

Males Moyer’s Analysis - 
Actual Value 1.778 +0.896 14.066 0.000*

Tanaka and Johnston - 
Actual Value 1.740 +0.882 15.635 0.000*

Females Moyer’s Analysis -
Actual Value 1.474 +0.796 17.806 0.000*

Tanaka and Johnston - 
Actual Value 1.754+ 0.734 17.987 0.000*

*Significant: p< 0.001

DISCUSSION : 

Prediction of the correct mesiodistal width of unerupted 
cuspids and bicuspids during the mixed dentition period is of 
utmost clinical importance for early diagnosis and treatment 
planning.

Commonly used non-radiographic model analysis namely 
Moyer’s analysis and Tanaka Johnston analysis are based on 
dimensions of teeth of white North American children, but their 
reliability in various populations has been proven to be unreliable 
due to variation in tooth dimensions in different racial and ethnic 
groups.[4,5] Therefore, this study was conducted to assess the 
efficacy and reliability of the two most commonly used mixed 
dentition analysis in children within the age range of 11-14 years, 
of Tamil speaking population in South India.

In this study, the age group of 11-14 years was selected because, 
this is the age when the permanent teeth newly erupt in the oral 
cavity thereby present with minimal alteration in the mesiodistal 
tooth width due to proximal caries, attrition or restoration.  The data 
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is also tabulated gender-wise (i.e) for males and females separately 
so as to note if any differences are found among them.  Though 
few studies showed differences in the mean mesiodistal width of 
canines and premolars among males and females,[4,6,7,8]such a 
difference was not seen in this study as inferred fromtables1& 3.  

In this present study, both Moyer’s and Tanaka Johnson analysis 
are overestimating the sum of the mesiodistal dimensions of the 
canine and premolars when compared to the actual sum of the 
mesiodistal width of the canine and premolars.  This is applicable 
for both the arches and in both the genders.  This mean difference 
is also statistically significant as can be inferred fromtables 2 & 4.  

The reliability of Tanaka Johnson model analysis has been 
tested not only in world-wide population but also in various 
races of Indian population.  Various world-wide studies have 
reported the overestimating property of the Tanaka Johnson 
analysis[6,8,9,10], which is similar to the present study, except 
the one conducted in Thai population[11], which has reported that 
Tanaka Johnson analysis was underestimating the mesiodistal sizes 
of the cuspidsand bicuspids.

Numerous studies have been done to test the reliability 
of Moyer’s analysis on various population all around the 
world[6,8,9,10,11,12,13], which reported a wide range of variability in the 
applicability of Moyer’s analysis.  Many studies have also been done 
to test the applicability at different percentiles.

Indian studies testing the applicability of Moyer’s also show a 
wide range of variability based on secular trends.  This variability 
was not only among population but also showed variability 
among both genders in the same population.  Studies performed 
on Nellore[14], North-eastern part of Karnataka[15], Kodava[16] 
& Bengali[2] populations reported that 75% of probability level 
showed overestimation of the values, which is in accordance with 
this study. On the contrary to this study, a study conducted on 
Nalgonda population[17], showed that 75% probability level was 
reliable for them.  This difference in the result can be attributed to 
the numerous diversified races and ethnic groups living in India.  

     The limitation of this study is that the sample size is very 
small to generalize the result to all the Tamil speaking population 
in South India.  Further studies are required to be conducted on 
Tamil population to generalize the findings and to formulation 
population specific regression equations.

CONCLUSION :

Moyer’s mixed dentition analysis at 75th percentile and Tanaka 
Johnston method significantly overestimated the mesiodistal 
widths of the permanent canine and premolars of children of Tamil 
speaking population in South India. The efficacy and reliability of 
Moyer’s and Tanaka Johnson analysis for Tamil population showed 
60% probability level to be reliable for males and 65% probability 

level were reliable for females.  However, further studies are 
required with a higher sample size for formulating a specific 
regression equation for Tamil speaking population for accurately 
predicting the mesiodistal width of the unerupted permanent 
canine and premolars.
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ABSTRACT
Pain is a widely accepted consequence of various periodontal conditions 
and surgical procedures and represents one of the major concerns for both 
patients and dentists. It is commonly known that the perception of dental 
Pain	is	due	to	an	inflammatory	reaction	that	involves	different	molecular	
mechanisms. Peripheral pain mechanisms associated with odontogenic 
and periodontal painful conditions are similar to the mechanisms 
observed in all other body parts. Purinergic signaling refers to how 
purines and pyrimidines mediate cellular responses following stimulation 
of specific receptors. The dental research community’s recent interest in 
purinergic	 signaling	 fits,	 given	 the	 overlapping	 focus	 on	 inflammation	
and Pain.

INTRODUCTION :
“Pain is a more terrible lord of mankind than even death itself. 

In 1931, Dr. Albert Schweitzer (The French medical missionary) - 
The chore of medicine was to preserve and restore patients’ health 
and minimize their suffering. Pain is universally understood 
as a pointer of disease, and it brings the patient to the physician 
recognition. The word pain is derived from a Greek – Poin means 
Penalty: Latin – Poena (punishment from god). The purinergic 
signaling is involved in a wide range of physiological processes 
that impact dental systems, including bone remodeling, neuronal 
signaling,	inflammation,	epithelial	transport,	and	stem	cells.		
DEFINITION

International Association for the Study of Pain (IASP) says 
that Pain is “An unpleasant sensory and emotional experience 
associated with actual or potential tissue damage, or described in 
terms of such damage(1).
BENEFITS OF PAIN SENSATION

Pain sensation different from other sensations because its 
purpose is not to inform the brain about the stimulus quality, 
but rather, it indicates physically damaging. Though the pain is 
unpleasant, it is useful in the following ways. It makes one aware 
of a harmful agent in close contact with the body. It causes the 
individual to react to remove the pain stimulus to prevent further 
damage to the tissues. Pain receptors are non-adaptable receptors: 
therefore, they keep the person apprised of damaging stimulus as 
long as it persists. Thus pain sensation has a protective function(1).    

PAIN CLASSIFICATION2

1. Based on Duration: acute and chronic
2. Based on Intensity: mild, moderate, severe
3. Clinical types- Somatic pain, Visceral  pain, Referred pain, 

Radiating pain, Projected pain
4. Qualitative types- Fast and Slow pain
PAIN RECEPTORS AND STIMULI

NOCICEPTORS are receptors of Pain to indicate that they 

respond to noxious stimuli. These noxious stimuli can be damaging 
or potentially damaging mechanical, chemical, and thermal (5). 
Nociceptors refer to a particular type of free nerve ending of two 
nerve fibers, A-delta myelinated nerve fibers and C unmyelinated 
nerve fibers.
TYPES OF NOCICEPTORS
1. Somatic nociceptors - free nerve endings of A-delta & C fibers
2. Visceral nociceptors - Little evidence for specialized pain 

receptors in viscera. Visceral Pain occurs mainly when 
maximum tension occurring on the nerve endings, especially 
in the smooth muscles. The mechanism behind is that stretch 
receptors on stimulation will produce a response as Pain. E.g., 
Pain due to uterine contractions during childbirth or Pain due 
to colic of alimentary, biliary, or urinary tracts.

PAIN STIMULI: 
Activated by three types of noxious stimuli mechanical, 

thermal, chemical  
•	 Mechanical and Thermal stimuli: Tends to elicit fast Pain. Fast, 

sharp Pain is usually felt in most of the superficial tissues. It 
also can elicit slow Pain.

•	 Chemical	stimuli:	Usually	tend	to	elicit	the	slow	suffering	type	
of Pain. Chemical mediators act on nociceptors and cause pain 
sensation. Chemical mediators of Pain include K+, ATP, ADP 
are released following cell death; Bradykinin and Leukotrienes 
are released from mast cells; Serotonin releasedfrom platelets; 
Histamine from mast cells; Prostaglandins are mediators of 
Pain,	fever	&	inflammation.	These	are	synthesized	by	enzyme	
cyclooxygenase induced in peripheral tissues by cytokines, 
growth	 factors,	 and	 other	 inflammatory	 stimuli.	 PG	 &	
substance Penhances the sensitivity of pain endings but does 
not directly excite them. A nociceptive nerve terminal activates 
the	axon	reflex	and	releases	Substance	p	and	Calcitonin	gene	
related peptide from other terminals of the same nociceptive 
nerve fibers.
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NERVE FIBERS

FEATURES A-DELTA FIBERS C-FIBERS

NUMBER LESS MORE

MYELINATED Myelinated Unmyelinated

DIAMETER 2-5um 0.4-1.2um

CONDUCTION 
VELOCITY

12-30m/s 0.5-2m/s

SPECIFIC STIM-
ULUS

Most sensitive is 
pressure

Most sensitive to 
chemical agents like local 
anesthesiaHistamine, Kinins, 
Prostaglandins.

IMPULSE 
CONDUCTION

Conduct impulses only 
in response to noxious 
stimuli
(fast component of 
pain)

Conduct impulses in response 
to thermal &mechanical 
stimuli and slow component 
of pain

SENSITIVITY 
TO ELECTRICAL 
STIMULUS

More Less

MECHANISM OF PAIN TRANSMISSION
Subjective experience of pain arises by four distinct processes  
Fields(1)

TRANSDUCTION 
In response to noxious stimuli, the free nerve endings of c fibers 

and A-delta fibers release chemical mediators from the damaged 
cells like prostaglandin. These chemical mediators activate the 
nociceptors to the various noxious stimuli. The impulses are 
generated.

TRANSMISSION 
The pain impulse is transmitted from transduction through the 

nociceptors to the dorsal horn in the spinal cord. From the spinal 
cord to the brain stem and thalamus via two main nociceptive 
ascending pathways, Involves the transmission of signals between 
thalamus to the somatosensory cortex.  

MODULATION 
Pain involves activating or inhibiting the transmission of pain 

impulses in the spinal cord. The multiple, complex pathways 
involved in the modulation of pain can lead to either an increase 
in the transmission of pain impulses (excitatory) or a decrease in 
transmission (inhibition)

PERCEPTION
The result of the neuronal activity of pain transmission is the 

perception of Pain and where Pain becomes multiple conscious 
experiences. When the painful stimuli are transmitted to the 
brain stem and thalamus, multiple cortical areas are activated, and 
responses are elicited.

 

THEORIES OF PAIN

SPECIFIC THEORY: DECARTERS 1664, MULLER 1840 

Pain occurs due to stimulation of nociceptors with transmission 
by nerves directly to the brain. However, concepts of specific nerve 
ending are no long tenable. The Krause and Ruffini endings are 
absent from all hairy skin dermis, so, indeed, these structures 
cannot be receptors for cold and warmth.

INTENSITY THEORY: ERB, 1874 

Pain is produced when any sensory nerve is stimulated beyond 
a specific limit. Pain is supposed to be a nonspecific sensation 
and depends only on high-intensity stimulation. However, the 
trigeminal system provides an example against this theory. In 
trigeminal neuralgia, the patient can suffer excruciating Pain from 
a stimulus no more significant than a gentle touch provided it is 
applied to the trigger zone. Although this theory is not accepted, 
it remains true to say that stimulation is a factor in causing Pain. 

PATTERN THEORY: GOLDSCHIEDER, 1920 

The noxious stimuli produce a pattern of signals which are 
essential for pain recognition. The precise nerve impulse pattern 
entering the CNS will be different for different sites and will vary 
for different persons because of normal anatomical variations.

GATE CONTROL THEORY: MELZACK & WALL 1965

According to this theory, the pain stimuli transmitted by afferent 
pain fibers are inhibited by GATE CONTROL MECHANISM 
located at the spinal cords posterior gray horn(3). Gate is open – 
Pain is felt: Gate is closed - Pain is suppressed.

If spinal cord gates are not closed, pain signals reach the 
thalamus through the lateral spinothalamic tract. These signals 
are processed in the thalamus and sent to the sensory cortex. 
Perception of Pain occurs here once the brain determines the 
severity and extent of Pain. To minimize this brain sends messages 
back to the spinal cord to close the gate by releasing pain relievers 
such as opioids. Now the pain stimulus is blocked. GATING is 
controlled by the activity of large fibers à inhibits (closes) Aβ and 
small fibers à facilitate (opens)
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SIGNIFICANCE :
The gating of pain at the spinal level forms the basis for relief 

of pain. Techniques like Enough rubbing, massage techniques, 
application of ice packs, acupuncture and transcutaneous electric 
nerve stimulation (TENS) are believed to produce their analgesic 
effect through this system.
DENTAL PAIN 

Sensory nerve fibers of the periodontium originate in the 
trigeminal	 ganglion.	 Inflammatory	 mediators	 stimulate	 sensory	
nerve fibers. These nerve fibers release neuropeptides like 
Neurokinin A, Substance P, Calcitonin gene-related peptide.

Periodontal pain is predominantly carried by C fibers and it is 
relatively localized and therefore extends less than pain originating 
in the tooth pulp.
DENTAL PAIN PATHWAY
FIRST ORDER NEURONS                                                                          

First-order neurons are the cells in posterior nerve root ganglia, 
which receive the pain sensation impulses from pain receptors 
through their dendrites. These impulses are transmitted to the 
spinal cord through the axons of these neurons.

Fast Pain→Aδ fibers-Marginal nucleus
Slow pain→C fibers-SubstantiaGelatinosa of Rolando

SECOND ORDER NEURONS
Neurons of MN &SGR form the second-order neurons. Fibers 

from these neurons ascend in the form of the lateral spinothalamic 
tract
THIRD ORDER NEURONS

Third-order neurons of pain pathway are the neurons in the 
Thalamic nucleus, Reticular formation, Tectum, Gray matter 
around the duct of Sylvius, Axons from these neurons reach the 
sensory area of the cerebral cortex, and some formation reaches 
the hypothalamus.
PURINERGIC SIGNALING AND PAIN

Purinergic receptors, also known as purinoreceptors, are 
a family of plasma membrane molecules that are often found 
in all mammalian tissues which are receptors for both ATP 
and adenosines(4).Purinergic receptors are divided into two 
main types, named P1 and P2 receptors. P1 receptors respond 
predominantly to the nucleoside adenosine. P2 receptors are 
primarily activated by nucleotides and are further divided into the 
P2X family of ionotropiccations and the P2Y family of G-protein-
coupled receptors. A total of 14 active homo- or heterotrimers 
P2X receptors (P2X1–P2X7, P2X1/2, P2X1/4, P2X1/5, P2X2/3, 
P2X2/6, P2X4/6, and possibly P2X4/7) assembled from different 
subunits had been reported5. Using in situ hybridization 
immunohistochemistry (ISHH), mRNA expression for P2X2, 3, 4, 
5, and 6 receptors had been detected in dorsal root ganglia (DRG) 
neurons, in which P2X2 and P2X3 receptors were expressed 
preferentially by C-fiber neurons. In contrast, the majority of 
P2X5 and P2X6 receptors were preferentially expressed by A-fiber 
neurons. Significantly, P2X receptors’ expression is also detected 
in nociceptive primary sensory neurons, peripheral nociceptive 
nerve fibers, and their free endings extending throughout the 
epidermis. The eight mammalian P2Y receptors differ in their 
optimal agonist, and these receptors are P2Y1, P2Y2, P2Y4, P2Y6, 
P2Y11, P2Y12, P2Y13, and P2Y14.

ATP IN PERIODONTIUM: 
ATP act as a neuronal modulator and transmitter in synaptic 

transmission. ATP has a role in the pathophysiology of gingival 
epithelial cells and periodontal ligaments. Purinoreceptors 
responsible for pain transduction belong to the P2X receptor 
family, a group of ligand-gated non-selective cation channels 
using ATP as an agonist(5). Upon binding to P2X receptors, ATP 
opens the pore of channels permeable to Na+, K+, and Ca2+ 
that depolarize the membrane potential, enhance the excitability 
and induce spikes nociceptive neurons(1). ATP initiated action 
potentials in nociceptive neurons from periodontium linking 
purinergic signaling and the P2X3 receptor to Pain anywhere in 
the body. By targeting P2X3 development of new P2X3 antagonists 
may be of benefit in the treatment of oral pain. The receptor may 
be involved in the effects of traditional analgesics.

ATP in periodontal ligaments links mechanical strains 
to osteopontin and RANKL(Receptor activator of nuclear 
factor kappa-B ligands). Extracellular ATP is implicated in the 
stimulation of the RANKL in PDLs following stimulation of the 
P2Y1R. RANKL is central to the activation of osteoclast(6). Up-
regulation of both osteopontin and RANKL suggests that the 
release of ATP following mechanical strain on PDL cells could alter 
the periodontium’s homeostasis by altering bone resorption.
ASSESSMENT OF PAIN :

Comprehensive history taking (subjective reports)
Physical examination
Evaluation of psychological status
Rating scales and multidimensional scales can assess
the severity of Pain.
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UNIDIMENSIONAL TOOLS :

       Visual analog scale (VAS)

       The simple descriptive pain intensity scale

       Numerical rating scales(NRS)

       Verbal rating scale

       Pain thermometer

MULTIDIMENSIONAL TOOL    

McGill Pain Questionnaire

       Brief Pain Inventory

       The Neuropathic pain scale

       The Oswestry disability index

MANAGEMENT OF PAIN

GOALS OF THERAPY

To decrease the subjective Intensity. 

To reduce the Duration of pain complaints.

To decrease the potential for conversion of acute pain

 to chronic persistent pain syndrome.

Improve the patient’s quality of life and ability

to perform activities of daily living

PHARMACOLOGICAL MANAGEMENT

 Local anesthesia-Bind to the interior of the axonal membrane 
and prevent depolarization and thus propagation of action 
potential(8).

 Non-opioid analgesics-Prevent the formation of prostaglandin 
from arachnoidic acid by inhibiting cyclooxygenase enzyme(7).   

 Opioids-Exert their analgesic effect through actions on several 
specific receptors (mu, kappa, lambda)             

Muscle relaxants -Act by blocking Na channels.

NMDA antagonist- Block NMDA receptors

NON PHARMACOLOGICAL MANAGEMENT

Physiotherapy (knee pain syndromes)

Psychological therapy : Counseling, Behavioral modification 
training, Stress reduction training, Relaxation training, Distraction, 
Hypnosis

Stimulation therapy – Acupuncture and Transcutaneous 
electrical nerve stimulation, Palliative care involves the alleviation 
of symptoms but does not cure the disease

CONCLUSION

The global burden of health problems and its co-morbid 
conditions may be reduced when Pain is understood as a disease. 
It also decreases the undertreatment and misdiagnosis of Pain. 
Given the number of agonists, antagonists, and modulators under 
development, it is likely that, shortly, purinergic receptors will 
become key pharmacological targets for managing oral Pain.
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ABSTRACT
Utilization is the actual attendance made by the people at health-care 
facilities to receive care.  It is one of the important tools for oral health 
policy decisionmaking. This review paper focuses on the barriers for the 
utilization of dental services in  the Rural Indian population . Oral health 
care is delivered through various establishments like Governmental 
and Non-governmental organizations in India. Individual barriers for 
utilization of dental services mainly admitted are the lack of oral health 
knowledge and perceived need, fear for dental treatment, economy and 
time constraint. Dental profession related barriers are that dentist are 
clustered in urban area and a meagre number available in rural  region. In 
context to social aspect cultural attitudes and values also play a important 
role in utilization Hence, the determinants of utilization by rural 
population should be addressed to improve the access to oral health care.

INTRODUCTION :
Oral health is interconnected with general health. Oral health 

knowledge and utilisation of dental services are considered 
to be essential for health-related behaviour.1Utilisation is the 
actual attendance made by the people at health-care facilities to 
receive care.  It is one of the important tools for oral health policy 
decisionmaking.2	A	vast	number	of	factors	influence	utilisation	of	
dental services such as demographic, behavioral, socio-economic, 
cultural, and epidemiogical factors.3 The attitude of people towards 
their own teeth and the attitude of dentists providing dental 
care play a vital role in determining the oral health condition of 
the population. Recent advances are impressive in both dental 
technology and in the scientific understanding of oral diseases, 
yet significant disparities remain in the rates of dental disease and 
access to dental care among different sub-groups of the population.4

The oral diseases impact the economic growth of a society and 
can catastrophically affect the quality of life of an individual and 
hence diminish his/her contribution toward the welfare of the 
nation.5India is one of the largest democratic nations with around 
one billion people and about 60-70% of Indian population reside 
in rural areas.6Though India is making rapid progress in many 
sectors like Finance and Information Technology (IT), oral health 
care utilisation receives only minimal attention.4Most of the times, 
rural population is unable to reap the benefits compared to urban 
population due to various factors. The present paper focuses on the 
barriers to utilization of dental care facilities by the Rural Indian 
population.

Factors facilitating utilization of oral health services
Oral	healthcare	utilisation	is	influenced	by	need-related	factors,	

supply-induced factors and structures of the health care system. 
Oral health care in India is delivered through various establishments 
like Governmental and Non-governmental organisations. Majority 
of dental services in India is being provided by the private dental 

practitioners, followed by non-governmental organizations.3The 
review by Padminee et al5cited that a huge difference exists in the 
number of government sector dentists throughout the nation. 

Among the utilization of oral health services model, the most 
widely acknowledged model is the Behavioral Model of Health 
Services Use (BM) developed by Ronald M. Andersen. This is a 
multilevel model that incorporates both individual and contextual 
determinants of health services use7as shown in
Figure1: Andersen’s Health behaviour model

The three major components in this model are :

BARRIERS FOR UTILIZATION OF ORAL HEALTH CARE SERVICES AMONG 
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FIGURE 1: ANDERSEN’S HEALTH BEHAVIOUR MODEL

Classification of barriers to utilization of oral health services
A barrier could be any individual and/or organizational 

factor that can impede a person from performing an action. The 
barriers for utilisation of dental services have been classified by the 
Federation Dentaire Internationale8 as shown in
Figure 2 : Barriers for utilization of dental services have been 
classified by the federation Dentaire Internationale 

Figure 2: Barriers for utilisation of dental services have been 
classified by the Federation Dentaire Internationale
INDIVIDUAL FACTORS

People‘s choices to seek oral health services are also based on 
a range of demand and supply factors. In a study among residents 
in Jeppinamogaru, Mangalore by Poudyal et al,9 majority (60.7%) 
of the study population did not prioritize oral health. In another 
study by Gill et al,6 around 68% of the study subjects from rural 
areas of Jhansla and Banur, Punjab had never visited a dentist. 
The individual factors include certain other subcategories like 
perceived need, income, fear and anxiety, oral health knowledge, 
lack of access.
AGE

The utilization pattern of dental services varies among different 
age groups. The study by Kakatkar et al4, Punitha et al,10 Fotedar 
et al,11 the younger age group visited dentist more than other age 
groups. On the contrary, the study by Kakade et al12 reported that 
maximum dental visits were made by elderly study population 
in the Nilambur village, Maharashtra. This could be because the 
older age group had more missing teeth component leading to 
problems in chewing food. The young age group had “fear” and 
“cost” barriers which prevented them from visiting a dentist.12

PERCEIVED NEED
Perceived oral health need is the individual’s own judgment 

about the necessity or benefits of the service which he/she is 
prepared to acknowledge. Sometimes, there may not be a perceived 
need, even though there is a definite clinical need. The study by 
Poudyal et al9 in Mangalore has reported that around 61% of the 
respondents stated that they did not have any problem in their 
teeth. The studies by Fotedar et al11 and Gill et al6 in North India 

have reported the respondents believed that oral diseases are not 
serious or life threatening. The previous studies by Kakatkar et al,4 

Fotedaret al,11 Nagarjuna et al,13 Subramani et al,14 Bommireddy 
etal15 have shown that majority of the study population visited 
dentist when there is any oral symptom or pain or dental 
emergency. Fotedar et al11 and Nagarjuna et al13 have reported 
that 62.5% and 60% of the respondents respectively believed that 
there is no need to visit a dentist unless there is pain. The presence 
of pain is the main motivating factor to seek dental treatment in 
most population.16

FEAR AND ANXIETY
Fear and anxiety about dental procedures are common factors 

leading to non-utilization of oral health services.4,17 Fear of pain 
and injection was also found to be one of the barriers to utilization 
of dental services. In the study by Kakatkar et al,434.4% of the study 
population in Debari village, Udaipur had fear of the painful dental 
procedures. The noise of the dental drill during treatment was also 
identified as the reason for poor utilization of dental services.

Dental anxiety and fear would have been derived from prevailing 
community beliefs or personal negative dental experiences and 
have not changed over time even after the advances in dental 
equipments, procedures and preventive measures.18 The studies by 
Kakatkar et al,4 Fotedar et al11 and Nagarjuna et al13 showed that 
females had greater fear of dentists and so they have lower dental 
visit rates compared to males
ORAL HEALTH KNOWLEDGE 

An individual could seek conventional dental service, 
traditional or self-medication dependent on the available oral 
health information, attitude, self-perceived need and financial 
resources.19A strong evidence of correlation exists between oral 
health knowledge and better oral health practice has been shown 
by Fotedar et al,11 Nagarjuna et al,13in which a positive association 
was found between toothbrushing frequencyand utilization of 
dental services. Limited awareness about the dental diseases and 
treatment modalities could be responsible for low level of access to 
dental care. This is evident in the studies by Jain et al,20 Subramani 
et al14 where around 65% of subjects were unaware of dental 
problems.
SOCIO-ECONOMIC FACTORS 

Low socio-economic conditions are associated with lesser 
likelihood of going for a dental visit.12,14 Inadequate income could 
limit people‘s choices and priorities which is co ordinance with 
studies conducted in Debari, Udaipur by Kakatkar et al.4

The cost of dental treatment is another important barrier for 
utilization of oral health services as shown by Nagarjuna et al13 and 
Kadaluru et al16 where the respondents did not visit a dentist due 
to high cost of dental treatment. In India, specific dental insurance 
plans are not common, thereby reducing the dental visits.21In 
another study by Fotedar et al11 and Deolia et al,22 finance is not 
a barrier because dental care was provided at minimal cost by the 
nearby dental college and government health sectors. 

In a study done in Shimla, the respondents with higher 
education showed higher dental visits than others with lower 
education. This indicates the impact of education on high health 
consciousness, which in turn stimulates preventive behaviour such 

Individuals
•	 Lack of perceived need
•	 Anxiety or fear
•	 Fincial considerations
•	 Lack of access

   Society
•	 Insufficient public support of

                       attitudes conducive to health
•	 Inadequate oral health care

                       facilities
•	 Inadequate oral health manpower

                       planning and insufficient support
                       for research

                Dental profession
•	 Inappropriate manpower resources
•	 Uneven geographical distribution
•	 Training in - appropriate to

                       changing needs and demands
•	 Insufficient sensitivity to patient’s

                       attitudes and needs
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as regular visits for a check-up.11 The study conducted in Debari, 
Udaipur by Kakatkar et al4 found that the higher education group 
believed the expense of treatment to be less restrictive than the 
lower education group. 

Occupation is a product of education and a determinant of 
income to a great extent. In a study by Kiyak et al, it was found that 
blue collar workers were only half as likely as other occupational 
groups to have made dental visits in the past year, but were 2.5 
times more likely to have had an extraction at their last visit than 
those in managerial or professional occupations.23

HEALTH SYSTEM FACTORS
The study by Kothia et al has stated that manpower, money 

and material resources are being planned inappropriately in 
our country, and thus hampering the oral healthcare delivery in 
India.25 India spends around 3% of its Gross National Product 
(GNP) for healthcare which is lower than WHO recommendation 
of 5% GNP.5

UNEQUAL GEOGRAPHICAL DISTRIBUTION OF 
DENTISTS

Significant differences exist in the distribution of oral health 
services, accessibility, utilization, and outcomes between urban 
and rural areas of both developing and developed countries. It is 
estimated that 80 percent of dentists are serving in urban areas 
which comprises only 20 percent of total Indian population.26 

The people living in rural areas are forced to travel to the nearest 
jurisdiction where dental care is available.20

In the review article by Padminee K et al, Karnataka was found 
to have the highest number of dentists followed by Tamil Nadu, 
Andhra Pradesh, Maharashtra, Punjab, Kerala and the least number 
of dentists were present in Jharkhand. Some North Eastern states 
have no record of the number of registered dentists. Government 
dentists were higher in West Bengal whereas Goa and Mizoram 
had the least number of dentists from government sector.5

TRANSPORTATION SYSTEMS
Transportation is an important factor to access health facilities, 

especially in rural areas and when people are dependent on public 
transport. Access to dental care will be limited if services are located 
too far from patients or in places that are not easily accessible. In a 
study by Jain et al,20 72% of the subjects explained that travelling 
to the dentist is too difficult and 56% thought that lack of adequate 
transport to dental care facilities is one of the major barriers to 
access dental services. The study by Nagarjuna et al13in Nellore 
also showed that distance is one of the barriers as reported by 27% 
of the study population. 

The study by Subramani et al14 reported that 27% of the study 
participants in Poonjeri, Mamallapuram,considered transport as a 
barrier in accessing dental care. This was because the respondents 
worked for daily wages and so visiting a dentist might lose them 
a whole or part of their earnings for the day leading to low dental 
attendance. The study conducted by Deolia et al22  in the rural areas 
of Maharashtra cited that a dentist is available near 47.4% of study 
population and 41.6% of them have received dental treatment. In 
another study in Shimla by Fotedar et al,11 long distance of the 
dentist was less restrictive among the younger age group (25-35 
years), higher education group and the high socio economic group. 

ADMINISTRATIVE FACTORS
High patient satisfaction was associated with friendly and 

understanding service providers, and that a service delivery point‘s 
good reputation often encourages users to return, which promotes 
access, utilization and service continuity.27

TIME
The amount of time that the patient spends at the health facility 

or time taken to reach a dental clinic is also a barrier in utilization. 
Most respondents in the previous studies by Gill et al,6Poudyal et 
al,9 Fotedar et al,11 Kakade et al,12  Subramani et al14 and Randhawa 
et al28 reported that lack of time was a major barrier to utilize dental 
services. The amount of waiting time at the dental office is another 
barrier for oral health care services as reported by Kakade et al.12

CULTURAL FACTORS
Cultural	 diversity	 plays	 an	 important	 role	 in	 influencing	 the	

oral habits in India. In many cultures, the esthetic appearance of 
teeth may be important, but having “healthy” teeth and gums is not 
related to the appearance in a direct way.20

Medicinal plants play an essential role in primary oral 
healthcare, some of commonly used medicinal plants include the 
clove which has been used in India and China, for over 2,000 years 
to control both tooth decay and counter bad breath. 17 In the study 
by Deolia et al22 among rural population in Maharashtra, around 
52.1% of the study population have tried home remedies for dental 
problems. 
ADDRESSING THE BARRIERS IN THE FUTURE
•	 Assessing	the	oral	disease	burden	in	each	Indian	state	will	help	

to redistribute dental man power and minimise the geographic 
imbalance. A comprehensive range of oral health services could 
be provided appropriate to the needs of the target population.

•	 Need-based	 workforce	 planning	 and	 optimal	 resource	
allocation to the rural population who have more dental needs. 

•	 Provision	 of	 governmental	 insurance	 schemes	 or	 any	 other	
alternate financial method for dental care, in place of out-of-
pocket expenditure to improve the buying power of patients.

•	 Altering	the	oral	health	determinants	which	enhance	effective	
delivery of dental services.

•	 The	dental	institutions	can	establish	satellite	centres	or	provide	
mobile dental services to provide oral health care services to the 
people in remote areas. 

•	 Integration	 of	 oral	 health	 into	 general	 health	 services	 and	
educating people about basic oral care methods.

•	 The	 professional	 bodies	 can	 collaborate	 with	 the	 Indian	
government in planning and improving access to oral health 
care services.

CONCLUSION 
Despite the increase in oral disease burden and need for dental 

treatment, less number of people actually visit the dentist in a year. 
Use of oral health care services is comparatively lower than visiting 
physician or hospital because people perceive the oral conditions 
not be not life threatening. Utilization of oral health services 
can	be	greatly	influenced	by	many	factors	like	lack	of	oral	health	
knowledge, level of education, fear of dental procedures or lack of 
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perceived need to seek services unless in pain, type of oral health 
services offered in facilities, poor access to oral health services, 
high cost of dental treatment, unequal geographical distribution 
of dentists. Throughout India, regional variations of oral diseases 
and cultural attitudes and values constitute an important role 
in utilization. Hence, the determinants of utilization by rural 
population should be addressed to improve the access to oral 
health care services and promote oral health. 
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ABSTRACT
The root canal treatment of a mandibular molar with aberrant canal 
configuration can be diagnostically and technically challenging. These 
case series focus mainly on the diagnosis and management of variable 
root canal anatomies like Radix entomolaris and paramolaris in 
mandibular molars.

INTRODUCTION :

For successful endodontic therapy, complete in-depth 
knowledge of the morphology of root canal systems and its 
variation from normal is essential. Root canal anatomy is complex 
and highly unpredictable. So, inadequate knowledge about these 
variations might lead to an unsuccessful endodontic therapy. 
So, successful endodontic treatment depends on the location of 
the canals; through chemomechanical debridement followed by 
three-dimensional	obturation	with	perfect	fluid	seal.	[1,2,3] The first 
mandibular permanent molar is the earliest tooth to erupt and it 
is the one most frequently in need of endodontic treatment. The 
majority of mandibular first molars have two roots, mesial and 
distal with two mesial and one distal canal.[4,5] Many variations 
have also been described. Fabro-Campos reported the 2 presence 
of three mesial canals while Strener reported three distal canals.
[6,7] Again three roots in mandibular first molar were mentioned in 
literature by Carabelli, known as Radix Entomolaris(RE) located 
in distolingual position(Carabelli 1984) and is called as Radix 
Paramolaris(RP) when located on the mesiobuccal side. [8]

MORPHOLOGY

Carlsen and Alexanderson classified RE based on the location 
of its cervical part into four types.[9-11] Type A–Distally located 
cervical part with two normal distal root components Type B 
Same as Type A; however, only one normal distal root component 
Type C–Mesially located cervical part Type AC–Central location 
between mesial and distal root components.

De Moor et al.n  classified RE-based on the curvature in 
buccolingual orientationinto three types.[12] Type I–Refers to 
a straight root/root canal Type II–Refers to an initially curved 
entrance which continues as a straight root/root canal Type III 
Refers to an initial curve in the coronal third of the root canal, 
and a second buccally oriented curve starting from the middle to 
apical third. Recently, Wang et al. gave another classification for RE 
depending on its radiographic appearance.[13]

Type 1: Presents the most identifiable radiographic image2

Type 2: A large beam angulation is necessary mesially or distally 
for their identification

Type 3: Identification becomes extremely difficult because of the 
overlap of the adjacent distobuccal root

Carlsen and Alexanderson classified RP based on the location 
of its cervical part into two types.[14] Type A–Refers to an RP in 
which the cervical part is located on the mesial root complex Type 
B–Refers to an RP in which the cervical part is located centrally, 
between the mesial and distal root complexes.

Song JS et al. (2010) further added two more newly defined 
variants of RE [15] 

1. Small type: length shorter than half of the length of the 
distobuccal root.

2. Conical type: smaller than the small type and having no root 
canal within it.

INCIDENCE AND PREVALENCE

Anatomical studies have shown some association between the 
presence of a RE in the first permanent molar and some ethnic 
groups.RE has a frequency of less than 5% in white Caucasian, 
African, Eurasian, and Indian populations while it appears to be 
commonly present in races of mongoloid traits such as the Chinese,

Eskimos, and Native American population with a frequency 
of 5-30%. [16-19] The bilateral occurrence of RE is reported at 
around 50-67%.[20] RP is comparatively very rare than the RE. 
African population has a prevalence rate of 1.5-3% and the Indian 
population has around 2% prevalence rate for RP. According 
to Visser prevalence rate of RP is 0% for the first mandibular 
molar,0.5% for the second, and 2% for the third molar.[21]

ETIOLOGY

According to Calberson et al. (2007), the etiology behind the 
formation is still unclear but it could be related to external factors 
during	osteogenesis.	Racial	genetic	factors	can	also	influence	the	
profound expression of a particular gene that can result in a more 
profound phenotypic manifestation.[22]

RADIX ENTOMOLARIS
CASE 1

A female patient aged 22 years old reported with a chief 
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complaint of pain in the lower right posterior tooth region of the 
jaw for the last 15 days. Clinically the lower right molar tooth had 
occlusal deep caries and was tender on percussion. The mobility 
of the tooth was within the physiologic limit. IOPAR showed 
occlusal radiolucency approaching the pulp space and periapical 
radiolucency near the apical third of the distal root. The tooth was 
tested with a pulp tester which elicited as a negative response. The 
diagnosis was finalized as symptomatic apical periodontitis and 
RCT was recommended. 

RCT procedure was initiated under local anaesthesia by giving 
inferior alveolar nerve block with rubber dam isolation. The access 
cavity was prepared. Canal orifices were located by using DG-16 
explorer (Dentsply, United Kingdom).

Initially, two mesial canal orifices (MB & ML) and one distal 
(DB) were located and on further exploration, another canal on 
the distolingual part of the pulpal floor	was	located.	The	presence	
of extra root (Radix Entomolaris) was confirmed by type-2 
radiographic image (Carlsen,1991) and CBCT.

Working length determination was done with apex locator and 
confirmed with radiograph.

Cleaning and shaping were performed with Protaper 
Gold(Dentsply, Maillefer, and swiss made CH-1338 Ballaigues)in 
the distobuccal canal up to F2 and other canals were prepared with 
Hyflex	CM	files	(Coltene	Whaledent)	up	to	25/0.04	in	the	crown	
down technique. Canals were irrigated sequentially with 5.25% 
Sodium Hypochlorite and 17% EDTA during instrumentation 
and finally with normal saline. Calcium Hydroxide intracanal 
medicament was placed as dressing in the first visit. In the next 
visit, after 10 days, irrigation was done, canals were dried with 
paper points, mastertone selection was done with radiograph and 
obturation with laterally condensed gutta-percha and Apexit-plus 
sealer(Ivoclar Vivadent). Post Endodontic restoration was done 
with composite.

CASE 2
A 29 years old male patient reported with a chief complaint 

of pain in the lower left back teeth region for the last 7 days. On 
clinical examination, there was a broken class 1 restoration and 
the tooth was tender on percussion in relation to #36. Pulp tester 
elicited a negative response. IOPAR showed coronal radiolucency 
approximating pulp space with periodontal ligament space 
widening at the apical third of the roots. The tooth was diagnosed 

with chronic apical periodontitis. RCT was started. The location 
of extra orifice and type 2 radiograph indicated the presence of 
RE which was confirmed with CBCT. RCT was completed with 
standard protocol.

RADIX PARAMOLARIS
CASE 3

A 38 years old male reported with the chief complaint of pain 
in the lower right back tooth region for the last 1 month. On 
clinical examination, severe occlusal attrition and a deep class 1 
cavity were discovered in relation to #46. Tooth showed a negative 
response to vitality testing and was tender on percussion.

IOPAR showed coronal radiolucency approaching the pulp 
space. Diagnosis of Symptomatic apical periodontitis was made 
and RCT was recommended. During RCT, the location of the 
additional orifice on the mesiobuccal aspect and CBCT confirmed 
the presence of RP. The RCT was completed as per the standard 
protocol.

DISCUSSION
The clinical success of root canal therapy depends on the 

clinical triad of diagnosis, adequate chemomechanical preparation, 
and 3D obturation. So, the first step of the endodontic triad, i.e., a 
correct diagnosis is one of the most important steps for successful  
endodontic therapy. There are various methods to locate additional 
canals,such as - clinical inspection of tooth crown and analysis of 
cervical morphology of the roots utilizing periodontal probing. 
-Good illumination, use of magnifying loupes, microscopes. 
-knowledge of the law of symmetry, law of orifice location, 
visualizing the dentinal map, and canal bleeding points. - using 
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instruments like an endodontic explorer, path finder, DG 16 
probe, and micro opener. -Champagne effect: bubbles produced by 
remaining pulp tissue in the canal while using sodium hypochlorite 
in pulp chamber. -An extra cusp (tubercular paramolar) or more 
prominent occlusal distal or distolingual lobe, in combination with 
a cervical prominence or convexity.

Advanced imaging techniques can aid to locate and confirm 
additional canals in the case of multirooted teeth. These techniques 
include digital radiography, fiber -optic illumination, dental 
endoscopy and orascopy,micro-computed radiography (CT), 
visualization endograph using Ruddle’s solution, and magnetic 
resonance microscopy.[13,23,24] with the help of advanced modalities 
it is easier to detect RE but these are an expensive and inconvenient 
tool. Hence conventional and digitalized radiography would 
suffice for the diagnosis of RE/RP. [25] In the present case series, 
the variation in distal root anatomy was identified through careful 
reading of angled IOPA radiographs. The pre-op radiograph was 
taken with conventional angulation and the second working length 
with a mesial shift of approximately 20 degrees. This buccal object 
rule has been also called

same lingual, opposite buccal rule/Clark’s rule/Walton’s 
projection. [23,25] An additional root appears as a shadow or thin 
radiolucent line in the radiograph.So, minimum of two angulated 
diagnostic radiographs are a must to avoid any iatrogenic mistake.
The most important basic principle for a successful root canal 
therapy is the principle of ‘Straight-line access. [26] As the orifice 
of radix entomolaris is distolingually located, the shape of the 
access cavity should be modified from classical triangular form to 
trapezoidal or rectangular form in order to better locate the orifice 
of the distolingual root.

Sometimes the canal orifice of RE or RP could be occluded 
by secondary or calcified dentine. When searching for hidden 
canals, we should keep in mind that condary dentin is generally 
whitish	or	opaque,	whereas	the	chamber	floor	is	darker	and	grey	in	
appearance. Clinicians should also be cautious about extra gauging 
and perforation while searching for extra canals

Therefore, visual access and superior control during access 
procedures make a convenient tool in such cases.[27] Thus, the 
knowledge of the location of additional roots and root canal 
orifices, initial exploration with smaller files, radiographs for 
working length and curvature determination, proper glide path 
preparation before using rotary files  are the different step by step 
actions that should be taken to avoid or overcome procedural 
errors during RCT and reduces the incidence of retreatment.

CONCLUSION :
The complexity of the root canal system often poses a challenge 

to the clinician. Failure to identify the RE or RP can affect the 
prognosis of endodontic treatment. Ability to correctly interpret 
the	radiograph,	careful	inspection	of	the	pulp	chamber	floor,	and	
use of recent concepts in access cavity preparation along with the 
sound knowledge of the variable anatomy of the root canal are very 
important for the clinician to locate and treat the root canals in 
case of radix entomolaris or paramolaris. 
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ABSTRACT
Background and Objective : Color of teeth 

is undoubtedly one of the most important factors 
considering patient’s satisfaction with the quality 
of their restoration especially anterior region of 
the mouth. This study was aimed at determining 
the difference in tooth shade value, in accordance 
with age & gender among the population of 

Melmaruvathur, Tamil Nadu and testing the hypothesis that tooth shade value 
is	influenced	by	age	and	gender	of	the	individual.	
Methodology : 

A total of 250 individuals aged 16 to 65 of both genders divided into 5 groups 
participated in this study. A Vitapan classical shade guide was chosen due to 
availability to examine either the maxillary right and left central incisor in 
natural daylight. Tooth shades were categorized according to value, participant’s 
age and gender. Categorical modeling with chi-square analysis was used to 
analyze the data. 

Result: Significant tooth shade difference was discovered among the subjects 
with age. Younger subjects have lighter shade and the older subjects have darker 
shades and there was no significant difference between tooth shade value and 
gender. 

Conclusion: Within the limitation of the study, tooth shade values are 
lighter in younger individuals and darker in older individuals and no significant 
relationship between tooth shade and gender.

INTRODUCTION :
Natural teeth are known to possess different shades of their 

surface1. It has been found that aging process has a profound 
effect on the shade of teeth in that teeth becomes darker and less 
translucent with advanced age 2.The word “aesthetic” meaning 
concerned with beauty/appreciation of beauty is regularly used 
in dentistry to describe the artificial teeth replacement.Increasing 
dental awareness among the general population in developing 
countries has led to increased demand for esthetic restoration.
Hence,it becomes all the more pertinent now,more than ever 
before,to provide restorations which defy detection3.

Selection of tooth shade based on natural anterior teeth is 
influenced	by	many	factors.Light	under	which	the	shade	is	viewed	
is a major factor4.Clinical skill of the operator and shade guide 
systemused,play an important role in shade selection process5.
Staining due to various factors both extrinsic and intrinsichave 
a direct impact on altering tooth shades6. Some extrinsic factors 
are diet, smoking,xerostomia, and restorations. Intrinsic factors 
include congenital defects of enamel or dentin such as amelogenesis 
and dentinogenesis imperfecta. Environmental factors include 
tetracycline staining, traumaticinjury, dentalcaries and aging.

  Inspite of all factors mentioned above, the selection of artificial 
tooth shade to replace missing teeth is relatively simple procedure 
when few natural anterior teeth remain7.A perception among 
dentists has been that individuals with darker skin color have 
lighter shades of teeth. This perception is commonly explained by 
the illusion of gender contrast between skin color and tooth shade.

   Age of the patient was found to have a definite relation to tooth 
shade value. This relation has been collaborated by many studies 
which have shown darker tooth shade values with an increase 

in age and vice versa.Gender is yet another factor, significantly 
associated with tooth shade values. Men are more likely to present 
with darker tooth shade values whereas women of the same age 
group were more likely to show lighter tooth shade values8.

Precise color communication is integral to the development 
of esthetic harmony and overall restorative success9.The study of 
color is an integral part of esthetic dentistry, cosmetic and esthetic 
dental outcomes are essential to meet patient’s high expectations 
and	 positively	 influence	 their	 self-esteem10.	The	Munsell	 Color	
Order System is the system that best serves the needs of the dental 
profession in its attempt to visualize and organize color. It is based 
on a three-dimensional model in which each color is comprised of 
three attributes of hue, value  and chroma11 .Attractive restorative 
and prosthodontic outcomes begin with a consistent buccal 
shape	 and	 silhouette	 that	 reflect	 light12.The	 perceived	 color	 of	
natural tooth depends on the illuminating light source, critical 
to	 translucency,	 opalescence,	 and	 fluorescence13.Various	 studies	
have been conducted to establish a relationship between age, the 
gender of the individual with tooth shade values. Contrasting 
results have been reported. One of the reasons for varying results 
can be attributed to the ethnic origin of study samples. Hence a 
study was conducted to find the relationship between tooth shade 
value, age, and gender.

METHODOLOGY :
The study consisted of a sample size of 250 individuals 

belonging to both gendersin the age range of 16 – 65yrs. Tooth 
shade of completely erupted permanent maxillary left or right 
central incisor were recorded using Vitapan classic shade guide. 
250 subjects divided into 5 groups. 50 in each group having both 
genders in each group.
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Table 1: Groups Vs Range of Patient’s Age in Years

GROUPS RANGE OF PATIENT’S AGE IN YEARS

GROUP – A 16 TO 25 YEARS

 GROUP – B  26 TO 35 YEARS

GROUP – C 36 TO 45 YEARS

 GROUP – D 46 TO 55 YEARS

GROUP – E  56 TO 65 YEARS

Table-1 shows number of groups and range of patient’s age in 

respective groups
Bright colors are removed from the working field. If the patient 

is wearing bright clothing,it is prudent to cover the patient with 
a neutral color.Any dark color lipstick is to be removed because 
it could affect shade matching.The tooth is cleaned by using 
prophylaxis paste prior to shade selection and shade comparison 
is viewed not more than 5 - 7seconds to avoid eye fatigue.Clinician 
is at a distance of 28-33cm from the patient during shade selection. 
Shade is determined when the teeth are most hydratedbecause 
enamel dehydration reduces its translucency by 82% misleading 
the clinician. Shade comparison is done in between 10am and 2pm 
because at this time color temperature is around 5500K and then 
under color corrected light to ensure the accuracy of the match14.

During the shade comparison, shade tabs are placed either above 
or below the tooth to be matched and not adjacent to the tooth 
to avoid the binocular effect. Always, the value is analyzed first, 
followed by chroma and then hue15.

RESULT :

Table 2: Correlation of Tooth Shade Vs Age

 AGE GROUP
A1 A2 A3 A3.5 A4 B1 B2 B3 B4 C1 C2 C3 C4 D2 D3 D4

GROUP-A 16 – 25 
years

15 13 1 0 0 9 4 0 0 6 1 0 0 1 0 0

GROUP- B 26 – 35 
years

22 6 0 0 0 10 8 0 0 4 0 0 0 0 0 0

GROUP- C 36 – 45 
years

11 4 4 0 0 12 8 0 0 8 2 1 0 0 0 0

GROUP- D 46 – 55 
years

9 1 2 1 2 5 5 4 4 6 5 2 0 2 2 0

GROUP- E 56 – 65 
years

1 1 1 2 4 4 5 4 7 9 5 2 1 3 1 0

TABLE 3: CORRELATION OF TOOTH SHADE VS GENDER

GENDER Shade A Shade B Shade C Shade D

Male 60(24%) 52(20.8%) 21(8.4%) 3(1.2%)

Female 49(19.6%) 50(20%) 25(10%) 4(1.6%)
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Diagram 1: Correlation Age vs Tooth shade

Diagram1: shows correlation between age versus shade where 16 to 
35 years of age having A shade. 36 to 45 years of age have B shade 
whereas 46 to 55 years of age having A shade and 56 to 65 years of 
age having C shade.

Discussion:
Chi-square statistical test demonstrated that younger subjects 

16-35 have lighter tooth shades than the older age groups. Table 
2 shows that shade A is common for 16-35 years and 46-55years 
shade B is common for 36-45 years and shade C is common for 56-
65 years. It predicts that as the age progresses the shade of the teeth 
diminishes because of gradual reduction of pulp chamber with 
compensatory deposition of secondary dentin which is supported 
by studies done by Hasegawa et al16 and Jahangiri et al17.The 
secondary dentin is harder,less permeable and darker in color.
The progressive loss of enamel thickness due to wear and tear lead 
to darker dentin color dominating the tooth shade18.It has also 
been reported that the amorphous organic and inorganic pigments 
deposition in dentin and dentin-enamel junction,resulting in more 
saturated dentin chroma2 .The increased redness in elder subjects 
is ascribed to occlusal wear and loss of translucency with exposed 
dentin island19. Table 3 shows more no of males(24%) having A 
shade than females(19.6%).Shade B,C,D are approximately having 
a common distribution between both genders.

Clinical significance :
Shade matching is critical in prosthetic and esthetic dentistry. 

Understanding patient and dentist perception of the attractiveness 
of a smile with the important role‐played by age and gender of the 
patient, may help clinicians to better identify teeth shade, helping 
delivery of tailored prostheses and esthetic restorations.

Conclusion:
The result of this observational study suggests that there is 

a significant relationship between tooth shade and age and no 
significant relationship between tooth shade and gender. Based on 
the relationships, age may be a useful guide for the selection of 
tooth shade in removable and full mouth reconstruction to achieve 
a more natural appearance, especially among the younger and 
older individuals. Within the limitation of the study, the advancing 
age leads to darker and more yellow teeth and significant change in 
tooth color was observed in the age group above 50 years.
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ABSTRACT :
The main challenge in CBCT (Cone beam computed tomography) 

imaging and diagnosis is the lack of familiarity experienced by most 
dental professionals with the concept of multiplanar imaging that is 
offered by this new and exciting technology. Diagnostic imaging in 
different planes is a new concept and may require a different view of 
imaging data. It is remembered that multiplanar imaging or reformatting 
is	 the	 ability	 to	 generate	 images	 in	 different	 planes,	 flat	 or	 curved.	 It	
is strongly recommended that to take advantage of the CBCT images 
in full, the diagnostician should be able to understand and apply the 
concept of multiplanar reformatting to the highest degree.

INTRODUCTION :
Although nothing can replace history and physical examination 

when evaluating patients, the use and evolution of non-invasive 
technology for imaging areas not visible to the human eye has 
become a bigger part of the diagnostic process. [01]

It was not until CT (Computed tomography) scan technology 
became available for dental applications that the three-dimensional 
(3-D) properties of the jawbones and vital structures became 
apparent. The advent of 3-D reconstruction using CT or cone beam 
CT (CBCT) empowers clinicians with tools to simulate implant 
placement, bone grafts, or orthognathic surgical procedures in a 
true and accurate virtual environment. [02]

Technological advances in computing power, sensor technology, 
and reconstruction algorithms have merged and resulted in the 
introduction of a CBCT (also known as volumetric imaging). [03]

IMAGING CHALLENGES : 
The main challenge in CBCT imaging and diagnosis is the 

lack of familiarity experienced by most dental professionals with 
the concept of multiplanar imaging that is offered by this new 
and exciting technology. Dentists and specialists, with only a few 
exceptions, have a wide experience in using the traditional dental 
imaging modalities and the comfort level in their diagnostic skills 
with these modalities is high. These imaging modalities have 
been taught for several decades in the dental schools and in other 
training courses. (Figure 1)

Figure 1: Multiplanar imaging and reformatting. Axial 
(A),coronal (B), and sagittal (C) sections of the head. The 
approximate tomographic plane is shown in the three-dimensional 
images (blue line).

Diagnostic imaging in different planes is a new concept and 
may require a different view of imaging data. It is remembered 
that multiplanar imaging or reformatting is the ability to generate 
images	in	different	planes,	flat	or	curved.	This	ability	is	offered	only	
by some contemporary imaging modalities, such as CBCT, medical 
CT, MRI, ultrasound and others. Because a volume of data has been 
acquired and stored by CBCT, these data can be reformatted and 
realigned and several different types of images can be synthesized 
in anyway the diagnostician requires. With multiplanar imaging, 
the diagnostician or operator can recreate images in different 
planes	 (flat	 or	 curved)	with	 simple	 functions.	This	 increases	 the	
diagnostic efficiency in the hands of the knowledgeable individual 
in an unparalleled way.
ANATOMICAL LANDMARKS UNDER VARIOUS 
SECTIONS: 

Cross sectional images are generated perpendicular to the arch 
form of the maxilla or mandible. The maxillary sinus is pyramidal 
in shape low – density (black or dark structure). The appearance of 
healthy air cavities in the maxillary sinuses is dark as air accentuates 
x rays minimally. The thin cortical outline of the buccal and medial 
sinus walls can be identified in the above images. The medial wall 
of the maxillary sinus borders the sinus cavity from the nasal cavity.

Further inferior in the same image, a cross section of the 
mandibular molar region and the long axis of the mandibular bone 
can be identified. The mandibular teeth are not always parallel 
with the long axis of the mandibular bone in the cross section. The 
cortical outline of the mandibular bone appears to be much thicker 
than that of the maxilla. (Figure 2) Moreover, the submandibular 
gland fossa sometimes is more prominent than others. Significant 
anatomic structures, such as the lingual artery, are passing nearby 
The mandibular canal is identified into the mandibular bone.
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Figure 6 : Axial image at the level of the maxillary alveolar ridge. 
The white lines  correspond to the respective sections: odontoid 
process of axis (ODP) and second cervical vertebra. (A) Cross 
sectional images in the molar region: the buccal (B), labial (Lab), 
lingual (L), or palatal (P) aspect of the alveolar bone is marked 
on	the	images.	FOM,	floor	of	mouth;	INC,	inferior	nasal	concha;	
INF, inferior nasal meatus; MC, mandibular canal; MS, maxillary 
sinus; OC, oral cavity; SGF, submandibular gland fossa; T, tongue. 
The green arrows indicate the hard palate, and the yellow arrows 
indicate the zygomatic process of the maxilla. (B) Premolar region: 
MS, maxillary sinus; INC, inferior nasal concha; INF, inferior 
nasal	meatus;	OC,	 oral	 cavity;	 T,	 tongue;	 FOM,	 floor	 of	mouth;	
MF, mental foramen. The green arrows indicate the hard palate. 
(C) Central incisor region: the buccal (B), (Lab), (L), or (P) aspect 
of the alveolar bone is marked on the images. ANS, anterior nasal 
spine; OC, oral cavity; T, tongue. The green arrows mark the hard 
palate, the yellow arrows show the nasopalatine canal, and the red 
arrows show the lingual foramina.

The cross-sectional images in the premolar locations are 
viewed by examining more anteriorly; the maxillary sinus 
becomes narrower. In this cross section, the anterior opening 
of the mandibular canal, this is the mental foramen. There is 
considerable variation in the appearance of the mental foramen 
and its emergence angle into the buccal aspect of the mandibular 
bone.

The cross section along the midline of the maxilla and the 
mandible, and some different anatomic structures are seen in 
the	 above	 image	The	nasopalatine	 canal	 starts	 from	 the	 floor	 of	
the nasal cavity (inferior meatus) with dual foramina (superior 
foramina). It carries branches of the nasopalatine nerve, which exit 
the canal through the incisive foramen and spread to the anterior 
aspect of the hard palate. (Figure 3)  The nasopalatine canal may 
vary in dimensions, and also may pose a limitation in placing 
implants in this aesthetic zone, the anterior maxilla. [04]

Figure 3: A series of cross-sectional images in the mandibular 
central incisor region. The narrow opening in the lingual 
mandibular cortex (red arrow) is the lingual foramen, a vascular 
canal along the midline, through which the terminal branches of 
the lingual artery enter the mandibular bone.

Additional vascular canals are noted from time to time in the 
mandibular bone anterior to the premolar locations in a region 
that generally is considered to be a safe site for implant placement 
(interforaminal region). These canals often represent accessory 
lingual foramina that host accessory branches of the lingual 
artery. Depending on the width, they may also pose limitations for 
surgical procedures. [05]

Axial images are excellent for the evaluation of the visible parts 
of the neck and cervical spine, integrity of the palatal and buccal 
cortical plates of the maxillary and mandibular dentition, lateral 
and medial wall of the sinuses, lateral walls of the nasal cavity, 
anatomic structures in the nasal cavity, zygomatic bones and 
zygomatic arches, and skull base, for example. (Figure 4)

Figure 4: (Left) Axial CBCT image at the level of the hyoid 
and C3 vertebra. (Right) Same axial image as the one on the left 
with some identifiable neck anatomic structures outlined. H, 
hyoid bone; M, inferior border of the anterior mandible. C3, axial 
section of the third cervical vertebra; E, epiglottis; F, fatty tissue; 
GH, geniohyoid muscle; SCM, sternocleidomastoid muscle; S/M, 
submandibular salivary glands CA, carotid arteries, IJV, internal 
jugular vein.
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parts of the patient’s neck can be visualized toward the inferior 
end of the imaging volume. Soft tissue structures are mostly 
present at that level. The inferior border of the anterior mandible 
may be sectioned at this level and may be visualized toward the 
superior border of the image. The hyoid bone and the body and 
the processes of the C3 to C4 vertebrae are expected to be seen in 
the same cuts. The soft tissue structures identified in this image 
include the sternocleidomastoid muscles bilaterally, the geniohyoid 
muscles, and the submandibular salivary glands. (Figure 5)

Figure 5: (A) Midsagittal cut of the face and neck. C2, second 
cervical vertebra-axis; C3, third cervical vertebra-axis; C4, fourth 
cervical vertebra-axis; FS, frontal sinus; NPC, nasopalatine canal; 
S, sella turcica; SS, sphenoid sinus. The yellow arrows mark the 
hard palate, and the green arrows mark the soft palate. Coronal 
(Band sagittal (C) images

In the centre of the image, this semicircular low-density (dark 
structure) in the middle of the image represents the patient’s 
airway. The airway is separated almost in two halves by a soft tissue 
structure that is crescent in shape (and sometimes irregular in 
appearance), the epiglottis. [06]

Sagittal images of the neck are best for the assessment of the 
cervical spine and the airway. The cervical spine is only partially 
visualized in a CBCT scan (C1– C4). The normal (healthy) 
appearance of the vertebral bodies includes a fairly square body, 
a thin cortical outline, a cancellous component of homogeneous 
density, and a fairly symmetric spacing between the vertebrae 
visible in the scan. The airway is identified as an irregularly shaped, 
elongated, low-density (dark) area anterior to the cervical part of 
the vertebral column.(Figure 6) The position of the epiglottis, the 
laryngeal opening below the epiglottis, and the position of the 
tongue may have an effect on the diameter of the airway in several 
locations.

Figure 6: (Left) Axial section at the level of the roots of the 
maxillary teeth. (Right) Axial section slightly superior to the other 
one,	at	the	level	of	the	floor	of	the	maxillary	sinus.	GLPF,	greater	
and lesser palatine foramina; HP, hard palate; MS, maxillary sinus; 
OC, oral cavity; SF, superior foramina, the starting point of the 
nasopalatine canal. The green arrows show the pharyngeal opening 
of the Eustachian tube, which helps in equalizing the pressure 
between the two sides of the eardrum. The red arrows mark fossa 
Rosenmu¨ ller. The torus tubarius (TT).

Apart from the apices of the maxillary teeth, the hard palate, and 
the	floor	of	the	maxillary	sinuses,	the	superior	foramina	(anteriorly)	
and the greater and lesser palatine foramina are visualized at that 
level. The former are the entrance of the nasopalatine canal and 
are	located	on	the	floor	of	the	nasal	cavity	(inferior	meatus),	and	
they host the nasopalatine nerve. The latter serve as the opening 
to the greater and lesser palatine nerves and vessels that run the 
hard palate from posterior to anterior just superior to the palatal 
roots of the maxillary molars in the soft tissue in a palatal mucosa.
(Figure7) A deep depression on the lateral walls of the nasopharynx 
bilaterally is the Eustachian tube, the tube that communicates and 
balances the air pressure between the inner ear and external ear. 
Just posterior to the Eustachian tube, separated only by a soft tissue 
projection (torus tubarius), lies the pharyngeal recess or fossa of 
Rosenmuller. (Figure 8)

Figure 7: Axial section at the level of the maxillary sinuses Co, 
mandibular condyle; FO, foramen ovale; FS, foramen spinosum; 
IO; infraorbital canal; JF, jugular foramen (or jugular fossa); Ma: 
mastoid air-cells; MNC, middle nasal concha; NL, nasolacrimal 
duct; SS, sphenoid sinus; ZA, zygomatic arch. The blue arrow 
indicates the external auditory canal.
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Figure 8: Axial section at the level of the maxillary sinuses. 
MNC, middle nasal concha; PPF, pterygopalatine fossa; SS, 
sphenoid sinus. The green arrows mark the walls of a thin channel 
known as the ‘‘Vidian canal’’ or pterygoid canal. The yellow 
arrows mark the course of the carotid canals, which appear to be 
converging toward the base of the sphenoid bone.

Axial cuts toward the superior third of the maxillary sinuses 
show additional important anatomic structures. The dense arched-
shaped structures seen on the lateral aspect of the face are the 
zygomatic arches. The anterior junction with the maxilla represents 
the zygomatomaxillary junction or suture in the anterior corner of 
the midface bilaterally.

The nasal septum is identified along the midline of the nasal 
cavity and is not always fully ossified. The middle nasal conchae 
are two of the osseous processes that separate the nasal cavities 
in smaller chambers, the meati or turbinates. The two well 
defined and well-corticated soft tissue content structures in the 
anterolateral wall of the nasal cavity bilaterally are the nasolacrimal 
ducts. (Figure 9) The nasolacrimal ducts drain tears from the orbits 
to the inferior nasal turbinates.

Figure 9: Axial image of the head at level of the orbits. The 
section depicts the roof of the maxillary sinuses bilaterally (MS) 
and the ethmoid sinuses (ES) just medial to the maxillary sinuses.

Figure 9 shows the orbits, the ethmoid sinuses, and the 
sphenoid sinuses. The posterior opening of the orbits at that 
level is the inferior orbital fissure, which communicates with the 
pterygopalatine fossa as mentioned previously. The ethmoid sinuses 
are made up of numerous, small, thin-walled air cells separated by 
the vomer bone (nasal septum), in the midline. Their complicated 
anatomy gave them the characterization of the ethmoid labyrinth. 
The sphenoid sinus is located just posterior to the ethmoid sinuses. 
These are air cavities that are irregular in shape and size, located 
just below the base of the sphenoid bone.

It is strongly recommended that to take advantage of the CBCT 
images in full, the diagnostician should be able to understand 
and apply the concept of multiplanar reformatting to the highest 
degree. It is in the dentist’s hands to reveal the information related 
to each diagnostic task. In other words, our diagnostic efficiency 
is based on our sound knowledge of anatomy and on our skills to 
retrieve relevant diagnostic information. [07] [08]

CONCLUSION : 
The development and availability of CBCT has created the 

opportunity to serially examine individuals and acquire accurate 
3D anatomic information.

The rapid commercialization of CBCT technology, their 
advances in software and associated hardware have empowered 
clinicians in their diagnosis of the oral and maxillofacial region, 
and capable of providing accurate, submillimeter - resolution 
images in formats allowing 3D visualization of the complexity of 
the desired region. CBCT technology allows the dentist to view 
patient anatomy exceeding conventional 2-D radiology. Interactive 
software applications allow for improved interpretation of the CT 
scan data by incorporating tools for identifying vital anatomy, bone 
topography and quality, preoperative implant placement. CBCT 
also extends dental imaging from diagnosis to image guidance for 
operative and surgical procedures.
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ABSTRACT :
This article is a case series description of successful direct pulp 

capping of mature mandibular first molars in two young patients with 
biodentine. The patients were referred with complaint of food impaction 
and sensitivity to cold beverages on chewing complaints. According to 
the patients’ symptoms, clinical findings, vitality testing and radiographic 
findings, the patients were diagnosed with Dental Caries /Reversible 
pulpitis. Treatment included caries removal under rubber dam isolation, 
capping of exposure sites with biodentine cement, and permanent 
coronal restoration. At one, and three months follow-up, the teeth were 
functional, had normal response to cold test, and did not have sensitivity 
to percussion.

INTRODUCTION :
Conservative dentistry and Endodontics play a major role in 

the preservation and treatment of the pulp dentin complex. Pulp 
exposure by accidental trauma or mechanical exposure during 
cavity preparation is a frequently encountered scenario in clinical 
practice.  In such case, the clinician tries his/her best to preserve 
the vitality of the tooth. Pulp capping is the most conservative 
procedure for protecting the pulp from future insults, permitting 
healing and repair. With the introduction of various new materials 
and clinical protocols, there has been tremendous improvement in 
the outcome of prognosis.[1] Biomaterials have a beneficial effect 
on living cells and interacts with them in a biologically compatible 
manner.[2] In 1993, Torabinejad et al introduced Mineral trioxide 
aggregate (MTA) in dentistry.[3]  It is considered as the first 
bioactive calcium silicate-based material. This material has been 
extensively studied and researched.

Biodentine  (Septodont, St. Maur-des-Fossés, France), a  new 
biosilicate cement, was recently launched on the dental market as 
a dentin replacement material and  made available in January of 
2011.[4] Biodentine consists of a powder in a capsule and liquid in 
a pipette. The powder mainly contains tricalcium and dicalcium 
silicate, the principal component of Portland cement, as well as 
calcium carbonate. Zirconium dioxide serves as a contrast medium. 
The liquid consists of calcium chloride as the setting accelerator 
and water-reducing agent.[5] Biodentine is a calcium silicate-based 
material used for crown and root dentin repair treatment, repair 
of perforations or resorptions, apexification and root-end fillings.

This article illustrates two case reports of young patients with 
deep carious lesions in permanent first molars and no evidence 
of pulpal/periapical pathology treated by direct pulp capping with 
Biodentine on exposure during caries excavation.
CASE REPORT : 1 

A 15 Year old female patient reported to the Department of 
Conservative Dentistry and Endodontics, Adhiparasakthi Dental 
College and Hospital, Melmaruvathur, Tamil Nadu, India. She 
reported with the chief complaint of decay in the lower right back 

tooth region for the past one month. On clinical examination, 
there was class I dental caries in 46, no abnormalities in TMJ and 
soft tissue. During investigation, the tooth had a positive response 
to the cold test (Endo Frost, Roeko, Germany). Refrigerant spray 
was used on the middle third of the tooth and four control teeth 
on the ipsilateral side were tested. The affected tooth showed a 
similar response as the control teeth. The tooth was not tender 
on percussion. IOPA {FIG (1a.)} showed radiolucency involving 
enamel, dentin and approximating the pulp in 46, no widening of 
PDL space and intact lamina dura and no changes in the periapical 
area. Definitive diagnosis was made as class I dental caries in 46. 
After thorough examination, indirect pulp capping was finalised 
as the treatment plan and was explained to the patient and 
information consent was obtained. To get adequate anaesthesia, 
inferior alveolar nerve block (IANB) was given with lignocaine 
(two percentage) followed by rubber dam application for isolation. 
Initial cavity preparation was done with round bur in high 
speed airotor handpiece and the remaining carious dentin was 
removed with round bur in slow speed handpiece. As the decay 
was progressing deeper, spoon excavator was used for further 
caries excavation, at one point accidental pinpoint exposure of 
pulp tissue occurred, with mild bleeding from the exposure site. 
Hence the treatment plan was changed to direct pulp capping. 
Haemostasis was achieved by applying firm pressure with a cotton 
pellet immersed in NaOCl (one percentage), for one minute. 
Biodentine™ was chosen for direct pulp capping. The material was 
mixed according to manufacturer’s instructions, and was applied 
on the exposure site as direct capping. After twelve minutes, when 
the material had set, the cavity was restored with a layer of GIC 
followed by composite restoration. Finishing and polishing was 
done with a composite polishing kit.
REVIEW :

The patient was asked to report immediately in case of any 
discomfort, if not after 3 months. The outcome of the performed 
treatment was evaluated by pulp vitality tests and radiographic 
evaluation for any periapical changes at 3months interval. At the 
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end of 3 months follow up: Clinically the tooth was asymptomatic. 
The tooth showed a positive response to the cold test (Endo Frost, 
Roeko, Germany). Refrigerant spray was used on the middle third 
of the tooth and four control teeth on the ipsilateral side were 
tested. The restored tooth showed a similar response as the control 
teeth. The tooth was not tender on percussion.  The radiographic 
evaluation (FIG. 1g.) showed no periapical changes.

  

CASE REPORT : 2
An eighteen-year-old female reported to the department of 

Conservative Dentistry and Endodontics of Adhiparasakthi Dental 
College, Melmaruvathur. She complained of decay in her lower left 
back tooth and very rare episodes of discomfort on taking cold 
food.

On clinical examination, dental caries involving the mesial 
marginal ridge was   found in 36. No abnormalities were detected 
in TMJ and soft tissue. The tooth responded positively to cold test 
and EPT. The tooth was not tender on palpation. IOPA showed 
radiolucency involving enamel, dentin and approximating the pulp 
in 36.  There was no widening of PDL space and intact lamina dura 
was seen.  No periapical lesions were found.  Definitive diagnosis 
was made as dental caries with reversible pulpitis in 36. Based on 
the symptoms and radiographic findings, indirect pulp capping 
was planned. Similar to the above case, because of the iatrogenic 
exposure of pulp during caries excavation, the treatment plan was 
modified to direct pulp capping. Similar treatment protocol was 
followed as in the above-mentioned case, for restoration of the 
tooth with biodentine.

REVIEW :
The patient was contacted over phone after a month due 

to the patient’s inability to report in person. The patient was 
asymptomatic.

After 3 months interval the outcome of the performed 
treatment was evaluated by pulp vitality tests and radiographic 
evaluation for any periapical changes. At the follow up, the patient 

was asymptomatic. The tooth responded positive for pulp vitality 
and negative for percussion tests. The radiographic evaluation 
showed no periapical changes. A layer of calcific barrier formation 
was evident in the radiographic, below the biodentine layer. No 
periapical changes were detected radiographically.

DISCUSSION
Direct pulp capping is used for vital pulp exposure due to 

trauma, or iatrogenic insult to the pulp.[1] The ultimate objective 
of any pulp capping is to manage bacteria, arrest progression of 
caries and stimulate reparative dentin formation. This procedure 
typically involves arrest of  pulpal haemorrhage followed by sealing 
of exposed pulp.  This leads to the preservation of pulpal health, 
function and viability. [1]

Calcium hydroxide has been traditionally considered the 
GOLD STANDARD[6] and most used material. It is known to 
form the reparative dentin and prevent further demineralisation. 
The material presents with certain drawbacks. It includes lack of 
innate adhesive and sealing abilities, poor physical properties, 
tunnel defects, porosities and dissolution over time .[7][8] 

To overcome these deficiencies, emergence of MTA was made in 
dentistry. MTA is known to be a better viable option for direct pulp 
capping. The positive attributes of MTA are decreased solubility, 
high biocompatibility bioactivity, hydrophilicity, radiopacity, good 
sealing abilities and low toxicity than that of calcium hydroxide 
.[9][10]  This material had overcome the deficiencies of Calcium 
hydroxide. The significant drawbacks of MTA were 1) technique 
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sensitivity 2) difficulties in handling procedures 3) longer setting 
times 4) discolouration .[11]

Biodentine has been developed as a dentin substitute or a dentin 
replacement by the manufacturers. This material overcomes the 
drawbacks of MTA. Strassler et al. 2011, stated a complete dentinal 
bridge	formation,	without	the	inflammatory	pulp	response	when	
biodentine is used for pulp capping.[12] Anushka et al. 2017 
compared the nature of dentinal bridge between Calcium hydroxide 
and	biodentine	as	direct	pulp	capping	agents.	A	noninflammatory	
continuous dentinal bridge with adequate thickness (0.58mm) was 
observed in samples of biodentine when compared (0.17mm) to 
that of calcium hydroxide.[13]    In our cases too, similar responses 
were obtained clinically and radiographically. The thickness of the 
dentin bridge formed needs to be assessed with CBCT further. 

The overall success rate of biodentine is suggested to be 82.6% 
when used as in direct pulp capping agent.[14] The success of direct 
pulp capping depends on various factors such as age of the patient, 
type, site and size of the pulpal exposure.[15] Further long-term 
clinical research is required to prove the efficacy of Biodentine over 
other restorative materials.  

CONCLUSION
Biodentine is emerging as an interesting material, with a 

potential of making a major contribution in maintaining the pulp 
vitality when judiciously selected for direct pulp capping. 
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