“‘EVALUATION OF CANAL CONFIGURATION OF HUMAN
PERMANENT MAXILLARY FIRST PREMOLARS:
A CONEBEAM COMPUTERISED TOMOGRAPHIC ANALYSIS”

Dissertation submitted to

THE TAMILNADU Dr. M.G.R. MEDICAL UNIVERSITY

In partial fulfillment for the Degree of

MASTER OF DENTAL SURGERY

BRANCH IV

CONSERVATIVE DENTISTRY AND ENDODONTICS

MAY 2019



CERTIFICATE

This is to certify thaDr. LEO SUJITH SAMUEL , post graduate student

(2016-2019) from the Department Of Conservative tBey and Endodontics,

J.K.K.Nataraja Dental College, Komarapalayam, Nakalk District—-638183,

Tamilnadu has done the dissertation titl¢EVALUATION OF CANAL

CONFIGURATION OF HUMAN PERMANENT MAXILLARY FIRST

PREMOLARS: A CONEBEAM COMPUTERISED TOMOGRAPHIC

ANALYSIS” under my direct guidance and supervision in theiphbfulfilment of

the regulations laid down byyHE TAMIL NADU DR. M.G.R MEDICAL

UNIVERSITY, CHENNAI, FOR M.D.S BRANCH - IV CONSERVATIVE

DENTISTRY AND ENDODONTICS DEGREE EXAMINATION. It has not been

submitted(partial or full) for the award of any other degmadiploma

Dr. J.V. Karunakaran. M.D.S,
Professor & Head,
Department of Conservative
Dentistry & Endodontics,
J.K.K.Nataraja Dental College
Komarapalayam,

Namakkal Dist — 638183,

Tamilnadu.

Dr. A. Siva Kumar. M.D.S,
Principal,

J.K.K.Nataraja Dental College
Komarapalayam,

Namakkal Dist — 638183,

Tamilnadu.



CERTIFICATE -1l

This is to certify that this dissertation work dil “EVALUATION OF
CANAL CONFIGURATION OF HUMAN PERMANENT MAXILLARY
FIRST PREMOLARS: A CONEBEAM COMPUTERISED TOMOGRAPHI C
ANALYSIS” of the candidateDR.LEO SUJITH SAMUEL with registration
number241617102for the award ofMDS in the branch ofCONSERVATIVE
DENTISTRY AND ENDODONTICS . | personally verified the urkund.com website
for the purpose of plagiarism check. | found ttmeg tiploaded thesis file contains from
introduction to conclusion pages and result anduteshowsZERO percentage of

plagiarism in the dissertation.

Guide & Supervisor Sign with Seal



URKUND

Urkund Analysis Result

Analysed Document: thesis - LEO.doc (D47393222)
Submitted: 1/30/2019 8:18:00 AM
Submitted By: drleosujith@gmail.com
Significance: 0%

Sources included in the report:

Instances where selected sources appear:

0




ACKNOWLEDGEMENT

| take this opportunity to sincerely thank my pgsiduate teacher and my
guide Dr. J.V. Karunakaran. M.D.S Professor and Head,Department of
Conservative Dentistry & Endodontics, J.K.K. NgtiredDental College, for his
academic and technical assistance, perseverangeoitivating and supporting me
throughout my study period.

My sincere thanks tBr. A. Sivakumar. M.D.S, Principal J.K.K. Nattraja
Dental College, who had helped with his advice anthense support throughout
my postgraduate curriculum.

| would like to express my sincere gratitudeCino N.S. Mohan Kumar.
M.D.S, Professor, Department of Conservative Dentistry & Endodontics
J.K.K.Nattraja Dental College, for his valuable sgegtions, support and
encouragement throughout my post graduate currioulu

| extend my sincere thanks@o. S. Senthil Kumar. M.D.S, Readed.K.K.
Nattarja Dental College & Hospital, for his contious guidance and constant
encouragement throughout my study period.

| thank Dr. Satyanarayanan. M.D.S, Dr. N. Jayaprakash. M®
Dr. N. Ragavendran. M.D.S., Dr. Chris Susan Abrahalh.D.S Senior Lecturers
for their support, guidance ancbnstant encouragement throughout the completion
of this work.

| extend my gratefulness Mr. Rajaganesan, Chief Administrative Office,
J.K.K. Nattraja Dental College and Hospitdbr providing all the support for the
study andMr. Ramakrishnan Mr. R. Velu, our College Librarian’s for their
valuable assistance rendered during the cours@efttudy.

| am extremely thankful tbr.Ganesh, Radiologist, Ganesh Scan, Tirupur
for helping me in analysing the recorded images gmdcessing them using
appropriate software.

| am extremely thankful tér. Prabhakaran Ganesh Scan, Tirupurfor
helping me in processing the images as per theifsgmons and for his work as a
data analyst.

My sincere thanks toMr.M.Prasad Krishnan, for his guidance in
biostatistics.

I am extremely thankful fdr. Murali Sundar, Chakra Printersfor helping
me in recording images through the experimentalt@i@phy jpeg. | thanliSPY
Printers, Erodefor processing the dissertation.

| express my gratefulness tMr. K. Chinnarasy, lab technician,
Mrs. Sujathg Mrs. Sarojg Mrs. Raniyammal and Mrs. Dhanabhagiyanour
Department support staff for thelp rendered during the course of the study.

| thank allmy batch matescolleagues, friends and familfor their eternal
support. Above all, am thankful &od almighty, to have given me the strength to
choose the right path and to have given these wéwgeeople in my life.



CONTENTS

S.No INDEX PAGE.NO
1. INTRODUCTION 1

2. REVIEW OF LITERATURE 6

3. MATERIALS AND METHODS 35

4. RESULTS 43

5. DISCUSSION 48

6. SUMMARY 63

7. CONCLUSION 64

8. BIBLIOGRAPHY 65



INTRODUCTION



Introduction

Adequate knowledge of the anatomy of the pulp clanamd pulpal floor,
root canals present within the root, the canal igométion present, and recognizing
the incidence of variations in a given populati@ves way for successful outcome
of endodontic therapy. Often the root canal is mered the easiest pathway of
inserting endodontic instruments from the pulp chanto the apical foramen, but
the clinician must also be aware of and lookoutthear existence of variations from
normal. Understanding the root canal system angelédionship to the morphology
of tooth structure is very essential for the clisncwhich would result in successful
outcomes. The objective of endodontic therapy isinfgction, a thorough
biomechanical preparation, and achieving a thregedsional hermetic seal of the
root canal system. Lack of adequate knowledge @ubblzation of the anatomy of
the canal system can lead to inadequate obturafitime root canal system leading
to failure. John Ingle in 1976% reported that 58.66% of failures of root canal
therapy could be attributed to incomplete obturated the root canal space. A
incidence of as high as 42% of missed canals aots mere reported in teeth which
required re-treatment bijoen and Pink in 2002°. Vertucci F.J.**° based on his
studies of the root canal systems of permanert @aterved that location of all the
canals during endodontic therapy is vital as presesf a missed untreated canal

may lead to failure of therapy.

A number of studies using different methodologies/éh been done to
understand the anatomical complexities of the roabal system of human
permanent maxillary first premolar tooth. The inigetors have assessed the same

in different population groups globally. A numbdrdifferences in the anatomy of
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the permanent maxillary first premolar have beegored as specific to races and

populations.

Periapical radiographs offer limited informationdathe clinician tries to
understand, visualize the tooth and its surroundingctures three dimensionally
using a two dimensional image analysis which isnétation. Plotino. G. et al*®in
a study of tomographic techniques note that it roa-invasive technique for the
three dimensional assessment of the root canakmys$tefore, during and after
endodontic instrumentation. Current techniquesofdgraphy offer lesser radiation

exposure and higher image resolution.

Cone beam computed tomography with new image asalynd
reconstruction technologies has been introducedemecently that provides
information three dimensionally to the cliniciarr f@utine preoperative endodontic
and surgical treatment planning as well as postaipe assessment. i a useful
diagnostic technique in endodontic cases wheraardi radiography and clinical
examination alone are unable to provide sufficiafdrmation regarding the tooth
and the surrounding structures. The combinatiosagittal, coronal, and axial views
eliminates the superimposition of anatomic strieguand provides clear view of
exernal root morphology, the number of root camassent within them and their
ramifications in three dimension@Nair et al in 2007)* It is an excellent tool for
more accurately detecting root canal anatomy tlampical radiographs due to its

ability to evaluate and assess root canal morplydlothree dimensions.

Effective radiation doses with cone beam computechography when
compared to intraoral imaging methodologies aré# eh the higher side. For

endodontic applications limited FOV is recommenuddxch results in less radiation

2
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exposure. Cone beam computed tomography imaginglcloe used with caution
and only when absolutely necessary. The developamhintroduction of units that
offer high definition dental images even with lovedfective doses would improve
the utilization and effective usage of these urfiis a routine radiological
investigation. This kind of dose risk relationshigt lower radiation levels will
eventually lead to further refinement of referraiteria which would result in
patients more frequently and reliably being ref@rfer cone beam computerised

tomography examination.

The human maxillary first permanent premolar predominantly presents
with a two rooted morphological pattern, namely Itiecal and palatal root and has
been researched extensively. They normally preséht two canals. The factors
that influence the variations found in the root aadal morphology include gender,
ethnic background, sample size, data collectionhous, study design and
techniques used in analysing the root and the caysiém.The presence of three
roots is the common anatomic variation. Presenaewélopmental anomalies have
been rarely reporte®hmad IA & Alenezi M.A in 2016)*. The authors have
noted that in a majority of cases the apical fonamiel not terminate at the root tip
(66.6%). Further 38% had lateral canals, 12.3% dqadal deltas, and 16.0% had

isthmi.

Single root, two root variation has been found éodommon. Three root
variations have also been reported in the permamemillary first premolar tooth.
The three rooted maxillary first permanent premdias a very low percentage of
incidence and has been reported as having fouommatvariants as reported by

various authors(Beltes P in 2018y Various reasons have been proposed for the
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formation of the extra root namely the altered sl during tooth development,
heredity, tooth bud dichotomy and dental laminaavesur during the formation of
the root. Variations with regard to the number obts have been reported in
different populations. Three rooted premolars h&deen found in Caucasian
populations more frequently compared to Asian pajahs Walker RT in
1987} Maxillary first permanent premolar teeth withearroot morphology may
pose some challenges to the clinician that incldiffeculties during the treatment
procedure, may lead to missed canals and ultim&dlyre of endodontic therapy.
Bilateral incidence of three roots has also beg@onted. The external and internal
morphologies of the three rooted maxillary firs¢molars has been found to vary

considerably.Beltes P in 2017y

Variation from normal of the number of canals i fpermanent maxillary
first premolar tooth has been reported by varioasearchers and clinicians.
Vertucci F.J.**%in 1984 on an extensive study on root canal anatofriyuman
permanent teeth reported that permanent maxillesyygremolar was the only tooth
which had all the eight types of canal configunasio The permanent human
maxillary first premolar is one of the teeth whigbse difficulties during root canal
therapy. This is due to the fact that there israsimerable variation in the number of
canals, the number of roots, the presence of apiwrahture, the shape of the roots
with the deep longitudinal grooves and difficultiesapical visualization. Type IV
canal configuration (2-2) was most common canafigaration. Apical deltas,

isthmi and lateral canals have been reported.

Anatomy of maxillary permanent premolar teeth wilihee canals is similar

to adjacent maxillary molar teeth. They have beeferred to as radiculous
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premolargMiabaum WW in 1989)** A well designed endodontic access cavity and
investigating its floor carefully and systematigadire very effective in the detection
and location of additional canal orificeBalleri et al. in 1997 reported that in
three canal maxillary first premolars a T shapedoéliontic cavity is ideal in terms
of cleaning and gaining easy access to the pulmbkaand canalsSieraski S.M.

et al 1988% has suggested a radiographic technique wherebprésence of three

roots can be diagnosed on the periapical radiograph

On the single rooted maxillary first permanent potars longitudinal
depressions have been observed with a incidenas bigh as 72.4% on the mesial
surface of the root and 52.7% on the distal surfibe mesial surface depressions
were found to be deeper than that of the distdasardepression$écora D J et al
in 19922 Some authors recommend modification of instrumméom procedure
based on the morphology of the tooth. Knowledgé¢hete variations and looking
out for them prior to initiation of therapy heldsetoperator to effectively manage

these cases successfully.

This study aims to analyse the root canal configomaof human maxillary
permanent first premolar tooth by using cone beamputerised tomographic

techniques of a south Indian population in an novéetting.
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Hess W. in 1928***in his invitro study using canite casts demonsttahat
the canal anatomy of the root is highly complex aadable. Many accessory canals
with web like communications in between them wewsted in multirooted teeth. Of
the 512 teeth he analysed he found 0.3% with onalc&7.7% with two canals with
three canals, and 4.1% with four canals. In theillaay first premolar the incidence

was 19.5% with one root, 79.3% with two roots ar¥d with three roots.

Abnormalities of the pulp chamber have also beestrilged bylloyd Du
Brul. E and Sicher in 1949% the accessory root canals have been mentiondtbas t
most frequent anomalies. He divided accessory saimab three types. He also
pointed out the difficulty the type two and thresnals cause during endodontic

therapy.

TYPE 1: These canals are transverse canals anddénezlopment has been
attributed to the presence of transverse bloodeless nerves. They arise by fusion
of the protruding walls in slit shaped canals ashe case of the mandibular first

permanent molar.

TYPE 2: These canals are present only in the apitdlof the root and are
bound and divided from each other by cementum ofheir development is

attributed to the irregularities of apposition eheentum at the root tip.

TYPE 3: These are lateral 'canals or pulpoperiaofistulas and are

characterized by the fact that they penetrate ¢éiméid and the cementum of the root.

Pederson P.O. in 1948 in a study of east Greenland Eskimo population
reported an increased incidence of the single dog&sion in the maxillary first

permanent premolar. There was an increased incdefigvo canals.
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The percentage of maxillary first premolars as reggbbyPineda L. and
Kuttler Y. in 1972%" is 34.1% and they used radiographs of extracteth téor
evaluation in this study reported that in mostanses the first maxillary premolars
have two canals (from 73.3 to 92%), although tegth one or three root canals do

often exist (from 8 to 26.2% and from 0 to 6%, exgvely)

Vertucci F.J., & Gegauff A., in 1979% in their invitro study of 400
decalcified maxillary first premolars assessesntmber of root canals, their type,
the ramifications of the main root canal, the lamatof the apical foramen and tra
nsverse anastomosis and the frequency of apicaisddlhe noted that 26% had one
canal, 69% had two canals, and 5% had three cah#te apex. The relationship of
canal configuration to number of roots per tootls wso determined. Of the canals
studied, 49.5% had lateral canals. They occurredlggin all types of canals, were
located mainly in the apical region, and exitedrfrthe main canal mostly in a
palatal direction. Also, 11% of these canals extenttom the floor of the pulp

chamber to the furcation area.

Green D. in 1973% observed in their study of double canals in singtats
that the maxillary first premolar that the palatahal is continuous with the wall of
the pulp chamber and is directly beneath the cligmas a larger lumen and orifice
than the buccal canal. The buccal canal is contisuwsith the wall of the pulp
chamber and is more difficult to locate and exploFbey also observed that in
single rooted premolars 92% had two orifices atpihg chamber and 66% had two

apical foramina.

Cairns E.John & Skidmore A.E, in 1974° in their invitro study made one

hundred plastic casts of the root canals of humanilkary first premolars and
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analysed them. The results revealed five morphologtegories ranging from teeth
with one root, one canal, and one foramen to teththree roots, three canals, and
three foramina. The incidence of maxillary firseprolars with three roots, three
canals, and three foramina was 6.0 per cent inithisstigation as compared with

previous findings which ranged from 0.0 to 1.2 pent.

John Ingle in 1978° stressed the importance of knowledge of root canal
morphology for successful outcome of endodonticapg. He noted that 58.66% of
failures of root canal therapy could be attribut@ihcomplete obturation of the root

canal space and 9.6% to root perforations.

Vertucci & Gegauff in 1979 in their invitro study of four hundred
maxillary first premolars decalcified, injected thewith dye, cleared, and studied
the samples. They observed that the tooth prestsgd as one having well
developed root, two root projections that are mudlyfseparated or one broad root.
As regards the number of roots, 39.5% of the mayilfirst premolars analysed had
one root 56.5% had two roots and 4% had three .rdbes canal configurations were
categorized as: 26% had one canal, 69% had twdscamal 5% had three canals at
the apex. The relationship of canal configuratiomtimber of roots per tooth was
determined. Of the canals studied, 49.5% had lataraals. They occurred equally
in all types of canals, were located mainly in #pgcal region, and exited from the
main canal mostly in a palatal direction. Also, 1d¥%these canals extended from

the floor of the pulp chamber to the furcation area

Scott, J.H. in, 1982° in their observation of maxillary first premolahgs

noted that two rooted types are more common. Mbshese studies from which
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these descriptions emanated were carried out ithNemerica and Europe, which

predominantly involved teeth of Caucasoid origin.

The root canal anatomy of maxillary first premolaes/e been analysed by
Vertucci FJ. in 1984"° Four hundred human permanent maxillary first poiems
teeth were decalcified, injected with dye, clead] studied and found the type IV
canal configuration common at 62% incidence. Ottamal configurations found

were type Il, !, and V in order of incidence.

Bellizzi R. and Hartwell G in 1985* in their radiographic invivo study
undertaken to investigate the root canal systemthefmaxillary first and second
premolars revealed that the frequency of two cadafhaxillary first premolars
compared favourably with previous studies. Howewaultiple canal systems were
found with greater frequency in maxillary secon@molars than had previously

been reported.

Walker R.T. in 1987 describes the root form and the canal anatomy of
maxillary first permanent premolars in a southetmn€se population. The author
observed that 16% of the hundred maxillary firserpolars evaluated had
completely separate buccal and lingual roots wiseBg®o exhibited bifurcation in
the apical third of the root. Over 60% of the te@tire single rooted but 87% of the
total sample had two root canals. Only 22% of thgls rooted premolars possessed
single root canals. He also observed the bifurnatibthe apical third and at the

apex.

Grossman L.I. et al in 1988° states that a straight root canal extending
from the pulp chamber to the apex is uncommon #&hérea constriction before the

apex, or a curvature is always present. It may gedual or a sharp curvature near

10
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the apex or gradual curvature with a straight dmoding. Double curvatures in the
form of 'S’ shape may also occur. The inner surtddbe root apex becomes lined
with cementum and can even extend for a shortrdistaf 1mm into the root canal,
he also reports that the apical foramen is not ywacated in the centre of the root
apex. There is also a high incidence of laterahtsaand accessory foramina in the
apical of the root. The root canals become narromithr increasing age, with the
deposition of secondary dentin and reparative de#tpical foramina also deviate
from the exact anatomical apex and their minor éi@m becomes wider with

increase in age.

Sanchez Mercant H., et al in 1988in their study of a Spanish population
examined the number of roots and canals in upprrspids using a diafanization
technique. They noted that the first upper bicus$pisl one root and two canals in the

most of the cases.

Sieraski S.M., et al in 1988 in their analysis observed that three canalled
maxillary premolars are a challenge to the climcidhey provided guidelines to
help in early recognition of these complex teethcéss cavity modifications were
also suggested to enhance access to these vaaaalscand aid intracanal

preparation and obturation procedures.

Miabaum W.W, et al in 1989 reported a case of a three rooted maxillary

premolar and termed it “ridiculous premolar”

Zaatar E,L., et al in 1990%" reported three cases of maxillary first molar
with three roots. The authors stress about the faretthe clinician to be aware of

the variations in morphology.

11
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Walton & Torabinejad et al in 199G in their study in a Mexican
population of the maxillary first premolars obseat\be incidence of the two rooted
version was 50% with one root canal in each ond,20% with one root antWo
roots canal with the same apical foramen, 10% witd root and one root canal, and

10% with one root and two root canals.

Pecora M., et al in 1992 studied the internal and external anatomy of 240
extracted Brazilian maxillary first premolars. Thalyserved that 55.8% had a single
root, 41.7% had two roots and 2.5% had three rdatsl% had one canal, 80.4%

had two canals and 2.5% had three canals.

Morfis A et al in 1994 in their scanning electron microscopic study @& th
apical region of the roots of 29 maxillary firstdaeecond premolars, assessed the
number and size of the main apical foramina, tistance from the anatomic apex,
and the existence and size of accessory foramima veeorded, summarized, and
statistically analyzed. More than one main forames observed in all groups
except for the palatal root of maxillary molars ahé distal root of mandibular
molars. Accessory foramina were also observed ligralups of teeth. The distal
roots of mandibular molars had the largest sizenni@aiamen (mean value, 392
microns), whereas the maxillary premolars had déingelst accessory foramina (mean
value, 53.4 microns) and the most complicated apiwarphologic makeup. The
distance of the main foramen from the anatomic apsser exceeded 1 mm. The
highest values were observed at the mandibulasongi(978 microns), the distal
root of mandibular molars (818 microns), and thearppremolars (816 microns).

All values showed satisfactory fitting to normalstiibution. For the maxillary

12
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premolars, the authors suggested that the worlength should be 1.5 mm short of

the radiographic apex based on their findings.

Midtbo M et al in 19947 in their study and report of Turners syndrome
reported a significantly increased incidence of thenber of double-rooted and

three-rooted variants of maxillary first premolargatients with Turner syndrome.

Technique of identification of three-rooted maxiylgremolars was analysed
by Sieraski, S.M. et al in 198%" on the preoperative radiograph with parallel view.
They observed that if the mesiodistal width of thieldle of the root image appears
equal to or greater than the mesiodistal widthhef trown image, then the tooth
most likely has three roots. However, this guidelis not absolute and was only a

pointer.

Kartal N.,et al in 1998 investigated the internal anatomy of maxillargfir
premolars in 300 extracted teeth in a Turkish petpan. The incidence of type |
canals (one canal) was 8.66%, whereas 89.64% dfothk samples demonstrated
two canals (from type 1l to type VII) and only 1%6 of maxillary

first premolars were type VIl or type IX (threenzs).

Loh HS et al in 1998° in a study of 957 teeth in a Singaporean population
visually and radiographically showed that there @&dsgher incidence of two-root
form (50.6 %) than previously reported. He obseyed the two-root teeth occur in
two forms two distinct roots (18.5%) and fused-rémim (32.1%) with the latter
being more common. He also observed that the néwtchtion of the maxillary first

premolars occurs at the cervical third, middledtand apical third of the root.

13
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Chapparo A.J., et al in 1998 in their study of maxillary first molars in a
Andalusian population extracted 150 maxillary figeemolars from citizens of
Seville, Andalusia, southern Spain, and found @tateeth had one root (40.0%), 85
teeth had two roots (56.7%) and five teeth hadethm@ots (3.3%). They also
observed that distribution of root canal shapethensample showed that all teeth
with two or three roots had type | root canals arat of the single rooted maxillary
first premolars had root canal shape type I1 coméiion. Only 1.3% of the teeth
had a unique orifice in the pulp chamber and omg ooot canal. The authors
emphasize the importance of good knowledge of dlbé canal morphology and the
need for a careful radiographic examination as plcompetent root canal therapy

of maxillary first premolars.

Martinez-Lozano M.A., et al in 1999% examined the effect of X-ray tube
inclination so as to visualize the complete roatatasystem in premolarg.hey
found that varying the horizontal angle improve@ Wisualization of additional

(superimposed) canals in premolars on radiologmabes.

Soares J A., et al in 200%%in reporting of three rooted maxillary first
premolars observe that complex anatomy can be qiadde managed following its
identification and negotiation. They also notedtttitee clinicians should have a
sufficient awareness about these variations whibbulsl be applied during
radiological and clinical investigation. Suitablecass refinements should also be

done.

Evans M., in 2004* in their case is report discussed endodontidrivent
of a maxillary first premolar which was complicatey the fact that the tooth had

three roots and one of the roots was completelsifead and therefore could not be

14
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negotiated with endodontic files. There was a lgrgeapical lesion associated with
the tooth and this was surgically removed and geade filling done. Twelve
months later the tooth was asymptomatic and theypeal tissues had completely

healed.

Sert and bayrili in 2004%% evaluated the root canal configurations of
maxillary premolar teeth in a Turkish populationdgnder. In this study, 1400 male
and 1400 female extracted mandibular and maxifj@rynanent teeth were
evaluated for patterns in root canal morphology.ntaular and maxillary teeth
were divided into seven groups of tooth type, subléid into gender, and classified
by root canal morphologies. Vertucci's classificativas taken as a reference during
the evaluation. Although a majority of the specisiecorresponded to this
classification scheme, the analysis of this largatad set revealed 14

additional root canal morphologies.

Carotte P. in 2004° describes the maxillary first premolar as having tw
roots with two canals. They observe that in manysathis is the most difficult
tooth to treat, as it can have a complex canaksystnd that variations range from
one to three roots, but there are nearly alwayeast two canals present, even if
they exit through a common apical foramen. The sauit these teeth are very
delicate and at the apical third they may curvetegsharply so instrumentation
needs to be carried out with great care. In a spemtientage of cases the buccal root

may subdivide into two canals in the apical third.

Orucoglu H., in 2005° described the successful case management of a
maxillary first premolar with three roots and notédt though the possibility is low,

the clinician should consider during preoperativaleation.

15
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Vertucci F.J in 2005*! in analysis of root canal morphology and its
relationship to endodontic procedures laid emphasis proper pre-operative
assessment using radiographs together with a tbbralinical exploration of the
interior and exterior of the tooth involved. He aeumends magnification,
illumination and multiple pre operative radiograpi#sthrough understanding of the
complexity of the root canal system is essentiallie understanding the principles
and problems of shaping and cleaning, for detemginihe apical limits and
dimensions of the canal preparation and performsugcessful non-surgical

procedures.

Three dimensional imaging using micro-computed tgraphy for studying
tooth macromorphology was evaluated Byotino et al in 2008 and they
concluded that micro computerized tomography oféereproducible technique for
three dimensional non-invasive assessment of rapalcsystems. This has also
proved to be a valuable technique for three dinweradinon-destructive technique
for reconstruction of the tooth structure. The adage of using this technique is
that it can show the internal and external anat@mnyultaneously or separately.
They observed that while this system is not sugtdbt clinical use it can be applied
to improve the preclinical training and analysis fahdamental procedures in
endodontic and restorative treatment. Significargrovements in both software and
hardware reduced the section thickness from com@it computerized
tomographic ranges of 1.5 mm to those in the maymputerized tomographic

systems to 81 micrometers, 34 micrometers andrhitébmeters.

Rozytlo T.K., et al in 2008° examined the morphology of root canals in

premolar teeth with completely formed root apicébey examined 83 extracted

16
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maxillary first premolars and found that 91% had twot canals and 9% had

three root canals.

Cotton et al in 2007° evaluated the endodontic applications of volurnetri
cone beam tomography and charted out the advantdgbe system over medical
computerized tomography and conventional radiografitiney observed specific
endodontic applications of cone beam volumetric dgraphy which include
diagnosis of endodontic pathosis and canal morgfyplassessment of pathosis of
non endodontic origin, evaluation of root fractuaesd trauma, invasive cervical
resorption, analysis of external and internal neson of the root, and presurgical
planning. It has got a great potential to becorpegular treatment planning tool in
endodontic practice. It has more accuracy, reswiutreduced scan time and
reduction in radiation dose when compared to a cadomputerized tomography.
As compared to conventional radiography it elimasatsuperimpositions of
surrounding structures, distortion and provides itaadally relevant clinical
information. The drawbacks include limited availapj significant capital

investment and medico-legal considerations

Jafarzadeh H., et al in 2007 in their case report describe the presence
of three roots occurring bilaterally in maxillaryrst premolars and methods to

manage and diagnose them.

On a review of advanced digital imaging in endod¥air et al in 2007+
observe the role of cone beam computerized tombgrap relevant to the practice
of endodontics. They observe that the age of tdreensional imaging is here and
have provided the endodontist with tools that weoe available to the clinician

before and facilitated interactive image manipolatand enhancement to visualize
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the area of interest as a 3D volume. Lack of distoy magnification, artifacts
associated with conventional radiography and thHative low radiation dose in
comparison with a medical grade CT will result o clinicians adopting such a

technology to enable accurate diagnoses and treaptanning.

On a study of maxillary first premolar teeth in adndan population
Rwenyonyi C.M. in 201f® the authors noted a higher prevalence of two-root
morphology with majority of the roots having Vertutype IV canal configuration.

There was no three root anomaly recorded in thigdyst

Awawdeh L., in 2008° in their invitro study ofsix hundred maxillary first
premolars in a Jordanian population observed tBa&% has one root, 63.2% has
two, and 5.2% has three roots. In canal configonafi9.7% had two canals with two
separate apical foramina, whereas 3.3% of the ethessed type | canal systems.
All two rooted maxillary first premolars showed ¢ation groove in the buccal

roots. Maxillary first premolars are mainly two ted and mostly have two canals.

Atieh MA. et al in 2008 studied the root and canal morphology of the
maxillary first permanent premolars in a Saudi gapon and showed a high
incidence of two rooted premolars (80.9%). Thedeaoce of single root was 17.9"
and three rooted premolars were 1.2%. They alsereéd the existence of fused
roots. The incidence of Type | canals (one canal 8.9% (22 teeth), 89.8% (221
teeth) had two canals (Type Il and Ill), and 1.2B6€e teeth) had three canals (Type
IV). All teeth were examined radiographically, se@sently embedded in resin and
sectioned. They found the internal canal morpholtmyye consistent with that of
other studies. The knowledge of variations woultp ke clinicians diagnose and

treat with better outcomes.
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Cheng XL., et al in 2008 studied the root and root canal anatomical
features of maxillary first premolars in 422 teetind found significant gender
differences in 422 teeth in terms of the percentafgene root(total 57.36%; male
33.58%; female 62.68%), two roots(total 41.47%; anG2.68%; female 33.33%)
and three roots (total 1.18%; male 3.73%; female) @P<0.01). In the 422
transparent specimens of the teeth, totally 9 tygfeoot canals were discovered
with the percentage of type 1(10.12%), 11(10.60%l)(6.02%), 1V(56.63%),

V(12.05%), VI(1.93%), VII(0.72%), VIII(1.45%), IX(@8%).

Javidi M., et al in 20082 reported the diagnosis and successful management
of three maxillary first premolars with anatomiaiations, of three roots and three
canals with special reference to radiographic pregation and access cavity

refinements.

Matherne RP in 2008° evaluated the use of cone beam computed
tomography as a diagnostic tool for identifying trecanal systems when compared
with images obtained by using charged coupled @ewaod photostimulable
phosphor plate digital radiography in vitro evabratwith either charged couple
device or photostimulable phosphorplate methodedatio identify at least 1 root
canal system in approximately 4 of 10 teeth, whielm result in a less optimal
treatment outcomes. The cone beam imaging was fdonde superior in

identification of the canal systems.

The root canal anatomy of human permanent teetrewasated byeiris R
in 2008° in a Srilankan and Japanese population. He coedltlat the root and
canal morphology of Japanese permanent dentitismar to that of the people of

east asian origin. They also observed that the hodogy and anatomy of the
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permanent teeth of the Srilankan population wafemiht and was more similar to
that of the European populations. The author alsesthat the internal canal
morphology gives more specific pointers to theat#ht populations involved than
the external root morphology and it is importanttfee clinician to be familiar with

these as it has anthropological and clinical sigaifce.

Arisu H D., et al., in 2009 in their article describes the diagnosis and
clinical management of two clinical cases of threated maxillary premolars. They
suggest that anatomical variations must be coreideturing radiological and
clinical assessments during endodontic therapytlaaidaccess cavity modifications
may be required to tackle complex canal anatomghéti magnification can be

useful for access cavity preparation and to reaegand locate additional canals.

Dadresanfar B et al., in 200% in their case report present the diagnosis and
clinical management of a maxillary first premolaithwtwo distinct canals in the
apical third of buccal root (type 1V), drawing padiar attention to tactile
examination of all the canal walls. The maxillamstf premolar may present large
number of anatomic variations. The clinician shooédaware of the configuration
of the pulp system. Maxillary first premolars udyahave two canals. They

observed that the incidence of three canals irethessth is quite rare.

Scarfe W.C., et al in 200%in their study noted that Cone Beam Computed
Tomography is a diagnostic imaging modality thaivotes high quality, accurate
three dimensional representations of the osseoemmesits of the maxillofacial
skeleton. The cone beam tomographic systems aralaeathat provide small field
of view images at low dose with sufficient spatiasolution for applications in

endodontic diagnosis, treatment guidance, andtpesiment evaluation.
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Weng XL., et al in 2009*® investigated the canal morphology of maxillary
permanent teeth of subjects of Han nationality mim€se Guanzhong area. Maxillary
premolars (87.3%) possessed 2 canals with typ¥,lgr VI canal configuration. The
canal configuration of maxillary teeth in subjedf Han nationality in Chinese

Guanzhong area is consistent with previous rejgpodgher races.

Bander Al-Abdulwahhab et al., in 2018" described the diagnosis,
successful clinical management with one year follgpvof a three rooted canal
maxillary first premolar with drawing attention taccess refinements. They
recommended to schedule sufficient time for endtddherapy and routinely use
the dental operating microscope to provide enhatighting and visibility. Root
canal orifices determine the outline form of thecesms preparation and it is
important to be aware of the possible existencéhrde canals in maxillary first
premolar and extend the outline by replacing theddrd figure eight access outline

with a T shaped outline form.

Vier-Pelisser FV., et al in 20112 analysed the anatomy of the root canal
system of maxillary premolars with three distincbots using high resolution
computed tomographyCT). Features of the internal anatomy of the pupity

of three rooted were identified with the use.QIT.

Ng'ang'a RN., et al in 2011* determined the internal root morphology of
the maxillary first premolar in Kenyans of Africalescent One hundred and fifty
five extracted maxillary first premolars obtainedrh patients aged between 13-30
years attending dental clinics within Nairobi. &ty (87.1%) of the teeth had two
canals. Males presented with three canals more @ynthan females. This

difference was statistically significant and mgeamens demonstrated five of the
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canals types while female specimens demonstratethealeight canal types with

type IV being the commonest.

Neelakantan P., et al in 201% in their invitro study of the maxillary first
premolar in an Indian population observed thatlkthecal roots of the first premolar
showed the maximum variation, the most common bdyme | (Vertucci's),
followed by type IV. The highest incidence of ird@nal communications was found
in the single rooted first premolars. All roots @iting type IV and V canal
configurations showed two separate apical foramimale additional type 2—-3 canal
configurations showed three separate apical foramiie morphology as well as
the canal configuration of Indian maxillary prenrslaxhibited both Mongolian and

Caucasian traits.

Chauhan R., et al in 2012* reported an unusual case of three-rooted

maxillary first and second premolars, each witeéhdistinct root canals.

Gupta SK ., et al in 2012° in his case report described the diagnosis and
clinical management of a maxillary first premolatiwthree canals and three
separate roots, with special reference to radidgcamterpretation and access

refinements.

Gandhi B., et al in 2012° reported a case of bilateral maxillary first
premolar with three roots. They noted that it iertp find extra roots and canals,
and described the successful diagnosis and clim@alagement of bilateral three-

rooted maxillary first premolars, with three indegdent root canals.

Oporto V, et al in 20137 discuss in detail the diagnosis and endodontic

treatment of a maxillary three rooted and threeatcdmst premolar tooth and
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describe a clinical case. They had identified ihia Chilean based population. They
also observe that abnormal interaction between epathelium and underlying
mesenchematic tissue during odontogenesis coulsipppsesult in a anatomically

variant tooth.

O'zcan E. Jet al in 2012° evaluated the root and canal morphology of
maxillary first premolars in a Turkish populatiorhey examined 653 maxillary first
premolars and found that 45.2% had one root, 53.fié6) two roots and 1.1%
premolars had three roots. Of the two rooted pramof#3.3% had separate roots,
while 10.4% had fused roots. The authors conclutteat the maxillary first
premolars in a Turkish population are mainly twoteal and predominantly have

Type Ill canal morphology.

Shalavi S., et al in 201% reported a case of three rooted maxillary

premolar.

Tian YY et al in 2012 in their cone-Beam computed tomography study
found that 66% of the permanent maxillary firstpagar teeth had single root.This

study was done in a Chinese population.

Beshkenadze El et al in 2018 observed that one of the biggest challenges
facing clinicians is profound knowledge of root ahsystems which is different in
various races and ethnic groups. Their study inya&td the anatomo-

morphological peculiarities of maxillary first pretar in Georgian population.

Kim S-Y et al in 2013° in their study of maxillary first premolars
determined the accuracy of crown and root lengthsnements using cone-beam

computed tomography and compared it with the ad&magths of the premolars after
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extraction in a Korean based population. They gksoerated reference cone beam
computed tomography based data on incisor, carand, premolar lengths in
patients with malocclusions. The differences betwd#e CBCT-based and direct
measurements of the extracted premolars were gnoifisant, with 95% limits of
agreement of -0.90 to 0.90 mm for crown length ah@3 to 1.18 mm for root
length. The cone-beam computed tomography basedumaents showed a wider
range of limits of agreements for root length than crown length. The authors
concluded that cone-beam computed tomography bdatml can be used as a

reference for evaluating root length.

Mohammadi Z et al in 2013° in their review assessed the prevalence,
diagnosis (clinical and radiographic), and endodonnhanagement of teeth

with extra roots/canals.

Relvas J.B., et al in 201% reported treatment of a clinical case of a
maxillary first premolar with three root canalsngian optical microscope and
rotary instrumentation technique. They concluded the use of a technological tool
was able to assist the endodontic treatment ofi iwéh complex internal anatomy,

such as three canal premolars.

Victorino F R., et al in 2013* reported the case of a maxillary first
premolar with three roots and three root canalghllghting the difficulties and
special care during endodontic treatmeltie authors conclude that professionals
should always carefully consider the diagnostigagiaph and perform all steps of
root canal treatment properly, so that possiblengha can be detected, not

compromising the success of therapy.
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Xie K., et al in 2013 The authors observe that the incidence of three
canal maxillary first premolar is between 0.5% &n8% and that the two types of
three canal maxillary premolars are two rooted tanele rooted three
canal maxillary premolars. Most case reports inn€be literature focus on three
rooted three canal maxillary premolars. To our kieolge, no domestic case report
on two rooted three canal maxillary premolar hasnbgublished. The authors in the
present study describe root canal treatment ofcartwted three canalled maxillary

first premolar tooth.

Gopal S., et al in 201 reported the unusual anatomy bilaterally occurring
three rooted pattern detected in maxillary firserpolars using Cone Beam
Computed Tomography. One of the determining factfms the success of
endodontic therapy is understanding the morphotdganatomy of the tooth
structure and its variants in relation to its teat@lanatomy. They also observe that
the internal anatomy of maxillary first premolassparticularly complex due to their
variation in number of roots and canal configunatamd that the bilateral presence

of three roots in a maxillary first premolar iswary rare occurrence.

Kirilova J et al in 2014* describes five successfully manages cases of
maxillary first premolars with three canals. Thetrdorm presentation as three
roots, two roots were also observed and protoanlsdentifying them successfully
were also discussed. They also observed that gththe frequency of maxillary
second premolars with three root canals is rareh €ase should be investigated
carefully and radiographically, to detect the amatal structures. They also
suggested various techniques of identification e variant anatomy including

multiple pre-operative radiographs, use of magaifan with a magnifying glass or
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operating microscope, and a careful inspectionhef shape of the pulp chamber
which might indicate additional root canals. Thdiographic image of a wide and
well-shaped root canal when it suddenly narrowslisappears, it is assumed that

there is a special root anatomy and probably & spthe root canal.

Kocani F., et al in 20142 in their study showed a high incidence of two
rooted maxillary first premolars collected fromfdrent regions in Kosovo. There
was a higher incidence of two roots form 70.14%= (h55), 21.72% (n = 48) had
one root, and 8.14% (n = 18) had three roots. & tto-root category, 16.29%
(n = 36) had bifurcation on apical third, 21.72%=<d8) had bifurcation on middle
third, and 32.13% (n = 71) had bifurcation on cealthird. The examination of root
canal systems of the teeth was based on Vertuclassification type of canal:
64.58% (#31) of the cases had type IV (2-2-2), @& @#12) type 1l (2-2-1), 8.33%
(#4) type | (1-1-1), and 2.09% (#1) type lll (1-2-Internal root canal system
morphology reflects the external root anatomy. lkenmnore, there is correlation
between the shape of the outer surface of theandtthe shape of the root canal.
The cases with one root of the maxillary first podan with a deep depression on the

mesial side contain a double root canal system mibea than a single canal.

Mota de Almeida F.J., et al in 2014° aimed to assess what extent cone
beam tomography used in accordance with currerdegjoes in a normal clinical
setting has an impact on therapeutic decisions ipopulation referred for
endodontic therapies. They found that cone beanodgoaphy has a significant
impact on therapeutic decision efficacy in endowsnivhen used in accordance

with recommended guidelines.
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Mirzaie M., et al in 2014° used cone beam computed tomography to study
the root canals in a Hamadani population in Irameylfound that the single rooted
version was more common in the maxillary first poden (63.6%), and the type IV
vertucci pattern was more common in the canal gondition (62.1%). They
concluded that the cone beam computed tomographg teol which can be
successfully used for root canal configuration gsialand increase the success rate

of endodontic therapy.

Nimigean V et al in 2014° in their case report describes the case of a three
rooted maxillary right first premolar with two buadaoots and one palatal root, each
of them having one canal, diagnosed with symptamiateversible pulpitis. The

case was treated successfully.

Ok E et al in 2014° evaluated the number and configuration of the
root canal systems of and configuration of maxyljaremolar teeth by gender,
intervals for decades, tooth position and unildtera bilateral occurrence in
a Turkish population using cone beam computed toapdty. The the morphology
of the roots and number, the canal configuration pas the vertucci type of
classification, and root canals present were et@dlid he most prevalent root canal
frequency was the two canals (86.2%) and type I1.9%) configuration
for maxillary first premolar. The authors came hie tonclusion that the cone beam
computed tomography scanning procedure providespoaimensive information
about the root canal morphology of premolar teeliiciv would be of great clinical

value.

Venskutonis T et al in 2014°®reviewed the use of cone beam topographic

imaging in the diagnosis, treatment planning, amsdessing the outcome of
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endodontic complications. Endodontic cases shoelduidged individually, and
cone beam imaging should be considered in situatiorwhich information from
conventional imaging systems may not yield an adegamount of information to
allow the appropriate management of endodontic Ipmb. Cone beam
tomographic imaging has the potential to becomefitise choice for endodontic
treatment planning and outcome assessment, edpeciadén new scanners with

lower radiation doses will be available.

Abella F et al in 2018 investigated the root canal configuration of
maxillary premolars in a Spanish population by gsicone beam computed
tomography. Maxillary first premolar group (n = 4386% had 1 root, 51.4% had 2
roots, and 2.6% had 3 roots. They observed thidgeimaxillary first premolars two

roots was more common and that the canal morphal@gyhighly variable.

Aboalsamh D et al in 2015 report the diagnosis and successful clinical
management of an endodontic case of a maxillasy firemolar with three canals in
three separate roots. They noted that the root mebwgy and canal anatomy of the
maxillary first permanent premolar varies signifidg in different individuals and

populations.

Bulut D.G., et al in 2018 assess the root and root canal morphology of
maxillary and mandibular premolars in a Turkish glagon by using cone beam
computed tomography. The maxillary premolars had s&parate roots although,
three roots were identified in 1% of maxillary figgremolars, two canals (69.9%)
and type | (62.6%) and type Il (34.1%) configuratior upper first premolar was

common. They also suggested that preoperative eanebtomographical
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examination allows determination of root canal agunfation of premolar teeth and

helps clinicians in root canal treatment.

On a study of maxillary first premolars in a Negsa populatioDashrath
K et al in 2015" evaluated the root form and the root length of reillary first
premolar teeth. They analysed the differences letlee male and female samples.
They found that the tooth length was less thanpite®iously reported data. They
also found that the single root form was more comnmothe Nepalese population
and the percentage of incidence was 58%. The pagermf incidence of the three
rooted form was 1%. They also made the observdltianthe Saudi and Jordanian
populations had a two root form which was more camnin contrast to the

Nepalese and Chinese populations.

Gupta S., et al in 201%" determined the root form and canal configuration
in maxillary first premolars in a north Indian pdaton and 53.6% were single
rooted followed by two root form and 0.4% had threets. Variable root canal
configurations were also found. Type IV configuoativas most prevalent (33.2%).
Two teeth showed an additional configuration. Lateanals were present in 34.8%
of the samples and intercanal communications in .1&%y concluded that in
North Indian population, there was an increaseggmsity for types IV, I, 1, and Il
canal morphologies in maxillary first premolars ahdt the single root form was

most common.

Mathew J. et al in 2015" in their case report discuss the diagnosis and
management of a three rooted maxillary premolan \sgparate canals in each root
highlighting that though statistics may indicatelaav incidence of abnormal

variations in root canal morphology of a tooth, ratwet anatomy is always a
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possibility and modern diagnostics like cone beasmpmuted tomography, and
endodontic operating microscope can be used momadoe predictable endodontic

therapy.

Praveen R., et al in 201% discuss the endodontic management of a
maxillary first premolar with three separate roatsl canals, which was diagnosed
with the aberrant anatomy only after the accespagvadion and a mandibular
premolar with three root canals and fused roots,ichvhwere diagnosed
radiographically. The authors note that teeth weiira roots or canals pose a
challenge in clinical management and identifyingenth sufficiently early is

necessary

Ordinola-Zapata R. et al in 2018® compared the accuracy of the clearing
technique and cone-beam computed tomography (vaxads: 12(m and15@m)
in the assessment of root canal configurations.yTheed micro-computed
tomography imaging system as the reference staridasValuation. The study was
done on mandibular first molars and the resultscatdd that the cone beam
computed tompography and the clearing method wigngfisantly less accurate
than the micro computed tomography with a voxet si219.6 micrometers used as

a reference standard (P <0.05).

Ahmed | A., et al in 2016 in their literature review observe that
the majority of maxillary first premolars had 1 t§d41.7%) or 2 roots (56.6%).
Regardless of the number of roots, the vast mgj@.6%) had 2 root canals, with
type IV (2-2) being the most common canal configora(64.8%). The majority of
the apical foramina (66.6%) did not coincide witle apical root tip. About 38% of

the teeth had lateral canals, 12.3% had apicalslelind 16.0% had isthmi.
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The clinical case reports showed that the 3-roetmiant was the most common

anatomic variation, and developmental anomalie® waely reported.

Al-Salehi SK., et al in 2018 aimed to evaluate the impact of limited volume
cone beam tomography upon diagnosis as part of demtic management of
posterior teeth. The null hypothesis cone beam tpaphy does not make any
difference in endodontic diagnosis was tested. duthors observed that cone beam
tomography information only changed the radiologiadings and the final
diagnosis in a minority of cases. There was norcadence that cone beam
tomography increases the confidence of observethaircone beam tomography
was helpful in making a diagnosis. The authorsetfoge concluded that routine use
of cone beam tomography cannot not be justifiedtlmn basis of a change in
diagnosis and carefully selected use is necessitatd that the benefits gained from
the use of cone beam tomography must be carefalBnibed against the increased
radiation dosage. Determination of selection aatdor the use of cone beam

tomography in endodontics is, therefore mandatory.

Celikten B et al in 20167 determined the morphological characteristic of
premolar teeth in a Turkish Cypriot population tiol &linicians in performing
endodontic treatment in this ethnic population. &¢hors observed that the most
common canal configurations was type IV (76.8%) apde | (49.4%) in the

maxillary first premolar and four (0.9%) teethdrtaree roots.

Monsarrat P et al in 20167 Root canal anatomy studies using cone beam
tomography have described a single type of tootla group of teeth, but not all
teeth present on the maxillary and mandibular achi@dese studies often used a

small FOV with a small voxel size (e.g6), which makes it possible to see the
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root canal anatomy. Such acquisitions were mairgyfgpmed during clinical
endodontic practice, more precisely in the presaifadinical signs and symptoms
and pointers. In endodontic practice, cliniciangudtd be aware of possible presence
of root canal anatomic variations, and the visadion of all canals is essential for
improving the outcome of endodontic therapy. Althloucone beam tomography
examinations are conducted in the first intentibmeaking a diagnosis or prognostic
evaluation, medium FOV acquisitions could be ussdaa initial database thus
furnishing preliminary evaluations and informatiofhhe authors also suggest use of
multi-correspondence analysis for statistics in oglwhtic research is a new

approach as a prognostic tool using computed toapby:.

In a morphometric sudy of the maxillary premolarsai Serbian population
Stosi N. et al in 20168™ found the average length of the maxillary firstmolar was
22.5mm, the average crown length was 8.8mm andatleeage root length was
14.1mm. The upper first premolars had two root83ti7% and two root canals in
82.9%. The incidence of three roots was 0%. Thhastconcluded understanding
the differences in different geographic groups aog@ulations was important and

the results of this study concurred with that dfeststudies in the same population.

Yilmaz F et al in 2018%° presented a case series which emphasises the
importance of cone beam computed tomography irdaiigggnosis and treatment of
complex endodontic cases. Root resorption, oblicpet fracture, nondiagnosed
periapical pathology, developmental abnormalitiesrizontal root fractures and
missed extra canals can be successfully identited managed. Cone beam
computed tomography may be a useful diagnostic odetiwhere intraoral

radiography and clinical examination alone are Umato provide adequate

32



Review of Literature

information. The authors also observe that théateh doses from different cone
beam computed tomography scans can vary betweerede\rhe authors reported a
effective radiation dose for the cone beam comptdetbgraphy unit used in the
present case series to be in the range of 28 tu322This is much higher than the
effective doses from periapical radiography takeithwE-speed film with
rectangular collimation (1 to @Sv) and round collimation (1 to BSv). Not only
endodontic diagnosis can be made better using beaen computed tomography
when compared to periapical radiography, but asmhs can be assessed in several
views. However, the authors note that comparatadiation dosages should be
weighed against diagnostic benefits in selectirey dppropriate imaging modality
for specific purposes. Effective doses with conanbeomputed tomography units
are still much higher when compared to intraorahging, though limited FOV
which is suggested for endodontic purposes offess radiation in comparison to
large FOV. Clinicians should be cautious when prbswg cone beam computed
tomography imaging. The authors also observe thatdevelopment of units that
offer higher definition images with lower effectivdoses, will lead to further
refinement of referral criteria and this would healnician to more reliably and
frequently refer patients for cone beam computechography examination

procedures.

Beltes P et al in 2017 aimed to analyze the external and internal morjgfieso
of three rooted maxillary first premolars using €obheam computed tomographic
imaging. The teeth were classified into four groapshe basis of external morphology:
group A, separation of the buccal and palatal raats bifurcation of the former into

the mesiobuccal and distobuccal roots (n = 22w, fusion of 2 buccal roots with
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the palatal root being separate (n=19); groupcdnplete or partial fusion of the
distobuccal and palatal roots (n =9); and grougusion of all 3 roots (n=6). The
buccal orifice was mainly triangular/heart shapElde distance of bifurcation of the
buccal-palatal root canals from the CEJ in grougiffered significantly from those in
groups B and C. There Four teeth exhibited C-shepmdcanal systems of different
configurations. The authors concluded that thereateand internal morphologies of

three rooted maxillary first premolars vary considbdy.

Burklein S et al in 2017 assessed the number of roots and the morphology
of maxillary premolars in a select German poputatising cone beam tomographic
data. First maxillary premolars mainly had 2 rofitsoot: 36.4%, 2 roots: 62.4%,
and 3 roots: 1.2%) with predominantly 2 canals488. Three roots (0%, <0.11%)
and 3 canals (0.2%; 0.4%) were rarely found. Veitudassifications were
heterogeneously distributed. This cone-beam cordputemographic study
confirmed previous anatomic and morphologic ingggions. When treating

premolars, the likelihood of additional root canstt®uld be considered.

Algedairi A et al in 2018 investigate the root canal morphology of
maxillary first and second premolars in a Saudiydaipon using Cone Beam
Computed Tomography The authors noted that twotsran maxillary first
premolars (75.1%) was common and Type IV was thestnprevalent canal
configuration (69.1%). Also 21.3% had one canatalpi, 75.4% had two canals

apically, and 3.3% had three canals apically.

Martins JNR et al in 2018° investigated in vivo with the aid of cone beam
computed tomography the differences between gemdgesding the number of roots

and root canal morphology. Few differences weraddoetween genders was observed
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and they also noted that it was possible to datemver number of roots per tooth and a
higher number of Vertucci Type | configurationsf@amales. They also concluded that

the three root canal system configurations wereeroommon in males.

Saber S.E.D.M., et al in 2018 investigated the number of roots and root
canal configurations using two coding systems dred rbot canal diverging and
merging levels in extracted maxillary premolar@amEgyptian subpopulation using
cone beam computed tomography and found that tlyptiag subpopulation had a
wide range of root and canal anatomical variatidiey suggest clinicians should
be aware of where canals merge and diverge tatédeilthe effective treatment of

all canal systems.

Senan E.M., et al in 2018 investigated the variations in root canal
systems of permanent maxillary first premolars irY@meni population using a
clearing technique. 54.8% of teeth were singlegdptwhile 44.4% were double
rooted and only 0.8% had three separated roots.md& common canal system
configuration was Vertucci type IV (55.6%). Eiglgegimens of the single rooted
premolars (3.2%) had new canal configurations tfeate not been recognized in
previous published studies. Accessory canals ared-ganal communications were
detected in a total of 52.8 and 34.4% of the spensnrespectively. The authors
concluded that the Yemeni permanent maxillary fpgmolars are mainly single

rooted and predominantly present Vertucci type &viad morphology.

Wei MY., et al in 2018° investigated the anatomy of the root canal syste
of maxillary premolars by using cone beam comptdarography. Two root canals
were common in the maxillary first premolar (89.72%nd type IV was the

frequent type (57.78%) of canal configuration.
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Materials and Methods

ARMAMENTARIUM

COLLECTION OF SAMPLES

1. Vented glass bottles (Chirakekaran Glass Ware Rtedindia)

2. Marker pen (Camlin pvt Itd, India)

3. Normal Saline solution (Nirlife Health Care, NirrRaoducts, India)
4. 3% hydrogen peroxide solution (Nice chemicals mjtIhdia)

5. 2.5% Sodium hypochlorite solution (Nice chemicals|pd, India)
6. 5% Sodium hypochlorite solution (Nice chemicals Ipdt India)

7. 0.1% Thymol solution (Alpha Chemicals, Maharasindja )

8. 5% Sodium thiosulphate solution (Nice chemicalslfaystindia)

o

. Sterile Distilled water (lves drugs Pvt Ltd, India)

SELECTION OF SAMPLES

1. Stainless steel trays (SAIL, India)

2. Labelled glass bottles (Chirakekaran Glass Wardrits, India)

3. Tissue forceps (GDC marketing company, Punjabalidi

4. Explorer D/E # 5§ GDC marketing company, Punjab, India)

5. Ultrasonic scaler- tip size PS (EMS - Electro Matli8ystems, India)

6. Mc Intosh sheetNET Supreme Autoclavable Mackintosh Sheet, India)
7. RadioVisuoGraphy unit Kodak RVG (Carestream pvt)td

8. X- Mind Ac/Dc Radiography unit, (Satelec, Italy)
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Fig 3: Maxillary first Fig 4: Wax manipulation
premolar samples Instruments
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Materials and Methods

SAMPLE SEPERATION & ANALYSIS
1. Tweezer (GDC marketing company, Punjab, India)
2. Magnifying glass (Japan)

3. Magnifying loupe with illumination (Var Tech Soldeg Magnifying Lamp,

Maharastra, India)

4. SS trays (Sabarwal Surgicals,India)

5. Mc Intosh sheet (Sabarwal Surgicals,India)

6. Zip-lock covers with label (AK Product; West Benglaidia)

7. Storage boxes for various groups (Dynasty PlaBitgte Limited, India)

8. Adhesive labels (Classic-feng- adhesive blank Ebgtker, India)
SAMPLE PREPARATION FOR RADIOLOGY

1. Modelling wax sheets (Hiflex- Prevest denpro l@ninu Kashmir, India)

2. Glass plates 5mm (Saint Gobain Itd, Sriperumbulehgiia)

3. Hot plate (UNI-PRO 100mm, India)

4. Wax spatula (UNI-PRO 100mm, India)

5. Wax carver (GDC marketing company , Punjab , India)

6. Wax knife (GDC marketing company , Punjab , India)

7. Cellophane tape (Scotch Cellophane Tape 5912, (Gaagapore)

8. Marker Pen Red, Green & Blue ( Faber- Castell, Gayh

9. Zip-lock covers with label — Large (AK Product; W&engal; India)

10. Storage boxes (Dynasty Plastics Private Limiteanilfaadu, India)

11. Spirit lamp Maarc Angular Alcohol Lamp, Thane ,India)

36



Materials and Methods

12. Stainless steel measuring scale (Kristeel Itd,andi

13. Artline correction pen/whitener (Shachihata Pvt.Tamilnadu, India)

14.SS orthodontic wire 24 g (JJ Orthodontics Pvt. OHakissur, Kerala India)
RADIOLOGY PROCEDURE

1. Custom sample mount block

2. CBCT unit (Villa- Rotograph Prime 3D, USA)

3. CANON EOS 70024.2-megapixel DX format DSLR CAMERA + Ef-S18-

55mm F4 Is STM lengCanon Inc., Tokyo, Japan)
4. Image capture software (3D Planner software)
5. Polythene wrap ( 3M, U.S.A)
6. Adjustible cutting blade ( Freemans, U.S.A)
IMAGE ANALYSIS AND INTERPRETATION
1. Image capture software (Villa 3D Planner softwagesion 2.0 )
2. Dell computer systenDell Inspiron 3148 11.6-inch desktop, USA)
3. Asus laptop system (X-550 L i5, 15 inch laptop, B)S
SOFTWARE ANALYSIS AND SEQUENCING
1. CBCT software (Villa 3D Planner software versiofl)2
2. Adobe Photoshop CS3 Extended, V. 10.0.1 (Adobe 8an Jose, CA,USA)
3. COREL DRAW X5 version (Corel corporation, Ottawa\ GCanada)
4. Windows 10 ( Microsoft Corporation, Seattle, U.§.A

5. Microsoft word ( Microsoft Corporation, Seattle,3JA )
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Fig 9: Sample block for Fig 10: Sample mounted on
CBCT imaging CBCT Unit
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Materials and Methods

METHODS

1. COLLECTION AND PREPARATION OF SAMPLES

Six hundred and fifty extracted human permanentillagax first premolar
teeth were collected after extraction and placed mormal saline solution. They
were then rinsed in running water and placed i®@ahydrogen peroxide solution,
rinsed again with distiled water and subsequemtigced in a 2.5% sodium
hypochlorite solution for 24 hrs which was replaeséry 6 hrs. The teeth were then
rinsed with distilled water, and subsequently wifo sodium thiosulphate solution
and stored in a .1% thymol solution. Protocols inss-infection control as per

OSHA /CDC guidelines in storing, surfacing & relization were observed.

2. SELECTION OF SAMPLES

Subsequent to the collection and preparation psodhe samples were
visualised under a illuminated magnifying lens wiltbmination for intact occlusal
and root morphology. Teeth with loss of morpholagindmarks, large caries
lesions, cracked teeth, and broken roots were isdaThe selected teeth were then
placed in a 3% sodium hypochlorite solution forhirs and the solution changed

every six hours.

The surfaces of teeth were cleared of externalisietalculus and soft tissue
by using ultrasonics. The teeth were rinsed in ingpwater and were then analyzed
using digital radiographs. Teeth with canal catefions were discarded. A total of

five hundred and eighty nine tedth=589) were selected for the purpose of study.
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Materials and Methods

3. ANALYSIS OF ROOT MORPHOLOGY OF SAMPLES

The selected samples were divided into three groapselyGroup | (single
rooted maxillary first premolars) anGroup Il (two rooted maxillary first
premolars). Group | consisted of two hundred aftg five human maxillary first
permanent premolai®=255), Group Il consisted of three hundred and twenty si
human maxillary first permanent premolgrs=326) and Group Il consisted of
eight human maxillary first permanent premoldrs=8). Group Il was further
subdivided into three depending on the locationthe division of the root -
subgroup A (division at cervical thirdn=17)), subgroup B (division at middle
third (n=152) andsubgroup C (division at apical thirdn(=157). Subgroup C was
further subdivided into twosubgroup D (division below apex n=77)) and
Subgroup E (division at apex n(=80)). (Chart I) They were then rinsed with
sodium thiosulphate solution and then stored in% thymol solution at room
temperature (30celsius) in separate bottles and labelled. Appatgicoding of the

individual samples was also done.

GROUPS:
GROUP 1 Single rooted maxillary first premolars
GROUP 1l : Two rooted maxillary first premolars
GROUP 1l Three rooted maxillary first premolars
SUBGROUPS:

SUB GROUP A: Two rooted - division at cervical third
SUB GROUP B: Two rooted - division at middle third

SUB GROUP C: Two rooted - division at apical third
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Group 11 Group 111

Fig 14: Wax mounted teeth

Th: 0.00 mm ofmm]5 10 15 20 25 30

Fig 17: Vertical sectional view
design paramaters



Materials and Methods

SUB GROUP D: Two rooted - division at apical third — belopex

SUB GROUP E: Two rooted - division at apical third — at apex

The data observed for the number of roots was decbrThe results obtained
in this study with regard to the morphology and bemof roots namely single, two
and three rooted permanent maxillary first prenoblaere tabulated. The results

were then statistically analysed

5. CONE BEAM TOMOGRAPHIC SCANNING OF SAMPLES

PREPARATION OF SAMPLES FOR CBCT

The roots of teeth belonging to respective grougsewnounted on to a
occlusal rim made with modelling wax which is pldcen the glass plate of 4x4
inch, 6mm thick and then the surfaces smoothenddpahished. The samples and
rims were then coded and numbered separately &y idantificationand stored in
separate sealed pouches for further analysis. Badhwas given specific number

for easy identification.

CBCT IMAGING OF THE SAMPLES

In a single imaging scan two arches are includedo Arches are kept in
such a way that its occlusal surfaces face eaddr @itih a layer of modelling wax
sheet in between them for separation and stabdizaCellophane tape was used to
wrap around these two arches for additional stadiitbn and for mounting on the
conebeam tomography machine. Each imaging was givepecific number in
sequence and saved for later reference. Aftemtlagling procedure the scan images

were named according to the sample block numbersawved for further analysis.

40



Materials and Methods

6. ASSESSMENT OF CANAL CONFIGURATION

The canal configuration was assessed using tlssifitation ofVertucci
FJ. in 1984". The mesial and the distal root were assessedaefaand the

various canal configurations identified were tabeda

VERTUCCI CLASSIFICATION

Type I: A single canal extends from the pulp chamber tcagex (1).

Type Il: Two canals leave the pulp chamber join short of dhex to exit as
one(2-1).

Type lll:  One canal leaves the pulp chamber and dividesiwaadn the root; the

two then merge to exit as one canal (1-2-1).

Type IV:  Two separate, distinct canals extend from the pbgmber to apex (2).

Type V: One canal leaves the pulp chamber and divides shire apex into

two separate, distinct canals with separate apicairfiora (1-2).

Type VI:  Two canals leave the pulp floor, merge and redidert of apex to

exit as two distinct separate canals (2-1-2).

Type VII:  One canal leaves the pulp chamber, divides agnl ridjoins in body of
the root, and finally redivides into two distincarals short of the

apex.(1-2-1-2).

Type VIII: Three separate, distinct canals extend from the pbhhmber to the

apex (3).
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Chart I: HUMAN MAXILLARY FIRST PERMANENT PREMOLAR -  SAMPLE GROUPING

Total Samples
(n=589)

Group 11 Group III
(n=326) (n=8)

Subgroup A Subgroup B Subgroup C
(n=17) (n=152) (n=157)

Subgroup D Subgroup E

AtApex (n=77) Below Apex (n=80)




Materials and Methods

7. STATISTICAL ANALYSIS

The group wise data on number of roots and candligtoration was then
subjected to statistical analysis and incidencecgregages and distribution
calculated. The depth of isthumus, incidence dfuistus and incidence of middle
mesial canals were compared statistically betwden groups and the results
tabulated. The results obtained in this study wikem compared statistically with

results of other studies done globally.
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Table 1: INCIDENCE — NUMBER OF ROOTS

Single Root Two Roots Three Roots
Total Samples
Group | Group Il Group Il
(n =589) 43.29% 55.35% 1.36%

Chart Il: INCIDENCE — NUMBER OF ROOTS
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Table 2: TWO ROOTED MAXILLARY FIRST PREMOLAR
GROUP Il = SUBGROUPS

Subgroup A Subgroup B Subgroup C
Number of Samples|  -ovica Third | Middle Third |  Apical Third
(n = 326) 5.2204 46.63% 48.15%

Chart 1ll: TWO ROOTED MAXILLARY FIRST PREMOLAR
GROUP Il - SUBGROUPS

Subgroup A Cervical Third
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Table

3: TWO ROOTED MAXILLARY FIRST PREMOLAR
GROUP Il — APICAL THIRD DIVISION

Total samples Subgroup D Subgroup E

(n=157) 23.62% 24.53%

Chart IV: TWO ROOTED MAXILLARY FIRST PREMOLAR

GROUP Il — APICAL THIRD DIVISION
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Table 4: CANAL CONFIGURATION — GROUP |

Type |
Type IV
Type V
Type VI
Type VII

Type VI

Others

Total Samples
Type |l
Type Il

(n=255)| 9.02%| 14.51%| 13.73%| 28.63%| 32.16%| 0.78%| 0.39%| O | 0.78%

Chart V: CANAL CONFIGURATION — GROUP |
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Table 5: CANAL CONFIGURATION - GROUP I

BUCCAL ROOT AND PALATAL ROOT

Total Samples Q 2 | o o 2 i i i
(n=326) s = > > ta = > é%

0,
Buccal Root 100%1 5 | 0| 0| o] o ol o
Palatal Root 100%| O 0 0 0 0 0 0

Chart VI: CANAL CONFIGURATION - GROUP II

BUCCAL ROOT AND PALATAL ROOT
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Table 6: CANAL CONFIGURATION - GROUP Il

Total Samples — = = > > 3 = =
2 S g g 3 3 L I

= o

(n=6) - -
Mesiobuccal 100% 0 0 0 0 0 0 0
Distobuccal 100% 0 0 0 0 0 0 0
Palatal 100% 0 0 0 0 0 0 0

Chart VII: CANAL CONFIGURATION - GROUP 11l
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CONFIGURATION ANALYSIS

Fig 20: Group I - Single Rooted Premolar

At CEJ 2.5mm from CEJ 3.2 mm from CEJ 5.0 mm from CEJ 7.0 mm from CEJ 9.7 mm from CEJ 12.8 mm from CEJ

=> Point of division into two canals => Palatal canal

= Buccal canal = Exit as a single canal



CONFIGURATION ANALYSIS

Fig 21: Group II - Cervical Third Division - Sub Group A

At CEJ 2.5mm from CEJ 3.2 mm from CEJ 3.2 mm from CEJ 6.4 mm from CEJ 9.4 mm from CEJ 12.8 mm from CEJ

=> Point of division into two roots => Palatal canal

= Buccal canal => Apices of the two separate roots



CONFIGURATION ANALYSIS

Fig 22: Group II - Middle Third Division - Sub Group B

At CEJ 1 mm from CEJ 2.2 mm from CEJ 5.5 mm from CEJ 7.6 mm from CEJ 9.6 mm from CEJ 13.4 mm from CEJ

=> Point of division into two roots at middle third => Palatal canal

= Buccal canal => Apices of the two separate roots



CONFIGURATION ANALYSIS

Fig 23: Group II - Apical Third Division - Sub Group D

f

At CEJ 3.5 mm from CEJ 6.0 mm from CEJ 6.0 mm from CEJ 7.6 mm from CEJ 9.4 mm from CEJ 13.3 mm from CEJ

=> Point of division into two roots at apical third => Palatal canal

= Buccal canal => Apices of the two separate roots



CONFIGURATION ANALYSIS

Fig 24: Group II - Apical Third Division - Sub Group E

ol ool el il
Rl 0 0

At CEJ 2.9 mm from CEJ 4.5 mm from CEJ 6.4 mm from CEJ 9.7 mm from CEJ 10.5 mm from CEJ 11.2 mm from CEJ

=> Point of division into two roots at apical third => Palatal canal

= Buccal canal => Apices of the two separate roots



CONFIGURATION ANALYSIS

Fig 25: Group III - Three Rooted Premolar

At CEJ 2.9 mm from CEJ 4.5 mm from CEJ 6.4 mm from CEJ 9.7 mm from CEJ 10.5 mm from CEJ 11.2 mm from CEJ
=> Point of division into two roots at apical third => Palatal canal
=» Buccal canal = Mesiobuccal canal

=> Apices of the three separate roots



CONFIGURATION ANALYSIS

Fig 26: Other Configurations
Sample 1 (3-2-1) Sample 2 (4-3-1)




CANAL CONFIGURATION TYPES

Fig 30: Type 4

Fig 31: Type 5 Fig 32: Type 6

Fig 33: Type 7



MAXILLARY PERMANENT FIRST PREMOLAR
Table 7: PRESENCE OF THREE CANALS - NON - CBCT STWIES

NS

AUTHOR YEAR STUDY TYPE INCIDENCE |SAMPLE SIZE |POPULA TION
Carns EJ et al 1973 Radiography 0 To 6%, 100 White Americal
Vertucci FJ et al 1979 Dye Injection 5% 400 White American
Hartwell G et al 1985 Radiography 3.3% 514

Sieraski S.M et al 1989 Radiography 5To 6% 400 North America
Zaatar E.l et al 1997 Radiography 3.8% 79 Kuwaiti
Kartal B et al. 1998 Clearing Technique 1.66% 600 Turkish
Chaparro AJ et al 1999 Cross Sectioning 3.3% 150 Andalusian
Sert .Setal 2004 Clearing Technique 3% 200 Turkey
Deng et al 2004 Clearing Technique 0.6% 326 Chinese
Lipski M et al 2005 Radiography 9.2% 142 Polish
Javidi M et al 2008 Radiography 0.5% To 6% 3

Awawdeh L et al 2008 Clearing Technique 1.5% 600 Jordan
AtiehMA et al 2008 Clearing Technique 1.2% 246 Saudi
Ng'ang’a et al, 2010 Clearing Technique 11.7% 155 Kenyen
Ozcan E et al 2012 Visual Examination And Digital Radiograph %.5 653 Turkish
Gupta Set al 2015 Clearing Technique 0.4% 250 North Indian
StoSé N et al 2016 Longitudinal Sectioning 3.4% 41 Serbian
Dinakar C et al 2018 Clearing Technique 2.32% 225 South Indian
Banga K.S et al 2018 Clearing Technique 2.32% 246 South Indian
Senan.Met al 2018 Dye Injection 0.66% 75 North Indian
OVERALL AVERAGE 20 3.33%
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MAXILLARY PERMANENT FIRST PREMOLAR

Table 8: PRESENCE OF THREE CANALS — CBCT STUDIES

AUTHOR YEAR | INCIDENCE |SAMPLE SIZE POPULATION

Tian YY et al 2012 1% 300 CHINESE
Ok .E et al 2014 1.01% 1379 TURKISH
Abella. F etal 2015 2.6% 430 SPANISH
Celikten.B et al 2016 0.9% 437 TURKISH CYPRIOT
Martins J.N.R. et al 2017 0.7% 690 CAUCASIAN
Burklein.S et al 2017 2.0% 644 GERMAN
Nazeer M.R. et al 2018 0.5% 114 PAKISTANI
Alguediari A et al 2018 2.1% 334 SAUDI
De Lima C.O. et al 2018 1.6% 496 BRAZILIAN
Popovic.M et al 2018 5.4% 129 SERBIAN

PRESENT STUDY 2018 1.7% 589 SOUTH INDIAN

OVERALL AVERAGE 11 1.77%
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MAXILLARY PERMANENT FIRST PREMOLAR

Table 9: PRESENCE OF THREE CANALS - OVERALL

AUTHOR YEAR i;ﬂigf 3 CANAL S@%;;E POPULATION
Carns Ej Et Al 1973 In Vitro 0 To 6%, 100 White Americans
Vertucci Fj Et Al 1979 In Vitro 5% 400 White Americans
Hartwell G Et Al 1985 In Vivo 3.3% 514 USA
Sieraski S.M Et Al 1989 In Vitro 5To 6% 400 North American
Zaatar E.| Et Al 1997 In Vitro 3.8% 79 Kuwaiti
Kartal N Et Al 1998 In Vitro 1.66% 600 Turkish
Chaparro Aj Et Al 1999 In Vitro 3.3% 150 Andalusian
Sert .S Et Al 2004 In Vitro 3% 200 Turkey
Deng Et Al 2004 In Vitro 0.6% 326 Chinese
Lipski M Et Al 2005 In Vitro 9.2% 142 Polish
Javidi M Et Al 2008 Invivo 0.5% To 6% 3
Awawdeh L Et Al 2008 In Vitro 1.5% 600 Jordan
Atiehma Et Al 2008 In Vitro 1.2% 246 Saudi
Ng'ang’a Et Al, 2010 In Vitro 11.7% 155 Kenyen
Tian YY EtAl 2012 In Vivo 1% 300 Chinese
Ozcan E Et Al 2012 In Vitro 1.5% 653 Turkish
Ok .E Et Al 2014 In Vivo 1.01% 1379 Turkish
Gupta Set Al 2015 In Vitro 0.4% 250 North Indian
Abella. F Et Al 2015 In Vivo 2.6% 430 Spanish
StoSic N Et Al 2016 In Vitro 3.4% 41 Serbian
Celikten.B Et Al 2016 In Vivo 0.9% 437 Turkish Cypriot
Martins J.N.R. Et Al 2017 In Vivo 0.7% 690 Caucasian
Burklein.S Et Al 2017 In Vivo 2.0% 644 German
Banga K.S Et Al 2018 In Vitro 2.32% 246 South Indian
Senan.Met Al 2018 In Vitro 0.66% 75 North Indian
Nazeer M.R. Et Al 2018 In Vivo 0.5% 114 Pakistani
Alquediari A Et Al 2018 In Vivo 2.1% 334 Saudi
De Lima C.O. Et Al 2018 In Vivo 1.6% 496 Brazilian
Popovié.M Et Al 2018 In Vivo 5.4% 129 Serbian
Dinakar C Et Al 2018 In Vitro 2.32% 225 South Indian
Present Study 2018 In Vitro 1.7% 589 South Indian
OVERALL 31 2.78%

AVERAGE




MAXILLARY PERMANENT FIRST PREMOLAR

Table 10: PRESENCE OF THREE CANALS - STATISTICAL ANALYSIS

GROUPS COMPARED t-value p-value SIGNIFICANCE
Present Study With Other Cbct Studies 0.178 0.863 Not Significant
Cbct With Non Chbct 1.601 0.121 Not Significant
Present Study With Previous Studies 2.406 0.023 Significant

Student’s “t” test for two independent groups is used to comparesitiidficance of difference between means of twaugsoat 5% level of
significance.

Note 1. If “p” value is more than 0.05, then we can codeluhat there is no significant difference betwtentwo groups considered with
regard to mean.

Note 2 If “p” value is less than 0.05, then we can codel that there is a significant difference betwd#entwo groups considered with
regard to mean.

Note 1: 5% level of significance considered in thenparisons

Note 2: One sample t-test is used to find diffeecbetween sample (present study) and populatioas(peevious studies)
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MAXILLARY PERMANENT FIRST PREMOLAR

Table 11: INCIDENCE OF THREE ROOTS — NON - CBCT STUDIES

AUTHOR YEAR TYPE OF STUDY 3 ROOTS SAMPLE SIZE POPULATION
Pineda.L et al 1972 Radiography 2.4% 259 MEXICANS
Deus D et al 1986 In Vitro 3.5% 108 BRAZILIAN
Sieraski S.M Et Al 1989 Radiography 4% 400 NORTH AMERICAN
Woelfel J et al 1990 In Vitro 0.5% 200
Pecora JD et al 1992 Visual Examination And Dye Injection 2.5% 240 BRAZILIAN
Zaartar E | Et Al 1997 Radiography (In Vivo) 3.8% 79 KUWAITI
Kartal N Et Al 1998 Clearing Technique 1.3% 300 TURKISH
Chaparro AJ et al 1999 Cross Sectioning 3.3% 150 ANDALUSIAN
Lipski M et al Et Al 2003 Radiography 9.2% 142 POLISH
Awawdehl A et al 2008 Clearing Technique 0.8% 600 JORDANIAN
Ateih MA et al 2008 Cross Sectioning And Clearing Technique 1.2% 246 SAUDI
Cheng et al 2008 Clearing Technique 1.2% 442 CHINESE
Peiris R et Al 2008 Clearing Technique 1.2% 81 JAPANESE
Neelakantan P Et Al 2011 Clearing Technique 2.3% 350 INDIAN
Ozcan E et Al 2012 Cross Sectioning 1.1% 653 TURKISH
Kocani F et al 2014 Digital Radiography 8.14% 221 KOSOVAR
Dashrath K et al 2015 Visual Examination 22.4% 100 NEPALESE
Gupta S et al 2015 Clearing 0.4% 250 NORTH INDIAN
Dinakar C et al 2018 Clearing Technique 2.22% 225 SOUTH INDIAN
Senan EM et al 2018 Dye Injection 3.25% 250 YEMEN
OVERALL AVERAGE 20 3.74%
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Chart X: INCIDENCE OF THREE ROOTS — NON CBCT STUDIES
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Table 12: INCIDENCE OF THREE ROOTS - CBCT STUDIES

AUTHOR YEAR | TYPE OF STUDY | 3 ROOTS | SAMPLE SIZE POPULATION
Tian YY et al 2012 CBCT 0.7% 300 Chinese south
Elkady et al 2013 CBCT 2.4% 120 Saudi Subpopulation
Abella F et al 2015 CBCT 2.6% 430 Spanish
Bulut DG etal 2015 CBCT 5% 511 Turkish
Zhi-yun shi et al 2017 CBCT 1.8% 267 Chinese
Burklein S et al 2017 CBCT 1.2% 644 German
Martins J. N. R. 2017 CBCT 2.2% 690 Caucasian
de Lima CO et al 2018 CBCT 1.6% 496 Brazilian
Singh N 2018 CBCT 4.1% 120 North Indian
Korenova AB 2018 CBCT 3.9% 129 Serbian
Present study 2018 CBCT 1.36% 589 South Indian
OVERALL AVERAGE 11 2.44%
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Chart XI: INCIDENCE OF THREE ROOTS - CBCT STUDIES
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MAXILLARY PERMANENT FIRST PREMOLAR

Table 13: INCIDENCE OF THREE ROOTS - OVERALL

TYPE OF

SAMPLE

AUTHOR YEAR STUDY 3 ROOTS SIZE POPULATION
Pineda.L et al 1972 In Vitro 2.4% 259 Mexicans
Deus D et al 1986 In vitro 3.5 108 Brazilian
Sieraski S.M Et Al 1989 In Vitro 4% 400 North Americat
Woelfel J et al 1990 In Vitro 0.5% 200
Pecora Jd, 1992 In Vitro 2.5% 240 Brazilian
Zaartar E | Et Al 1997 In vitro 3.8% 79 Kuwaiti
Kartal N Et Al 1998 In vitro 1.3% 300 Turkish
Chaparro AJ et al 1999 In Vitro 3.3% 150 Andalusian
Lipski M et al Et Al 2003 In Vitro 9.2% 142 Polish
Awawdehl A et al 2008 In Vitro 0.8% 600 Jordanian
Ateih MA et al 2008 Invitro 1.2% 246 Saudi
Cheng et al 2008 In vitro 1.2% 442 Chinese
Peiris R et Al 2008 In vitro 1.2% 81 Japanese
Neelakantan P Et Al | 2011 In vitro 2.3% 350 indian
Tian YY et al 2012 In Vitro 0.7% 300 Chinese South
Elkady et al 2013 In vivo 2.4% 120 Saudi
Abella F et al 2015 In vivo 2.6% 430 Spanish
Bulut DG etal 2015 In vivo 5% 511 Turkish
Ozcan E et al 2012 In vitro 1.1% 653 Turkish
Kocani F et al 2014 In vivo 8.14 221 Kosovar
Dashrath K et al 2015 In vivo 22.4 100 Nepalese
Gupta S et al 2015 In vivo 0.4% 250 North Indian
Zhi-Yun Shi 2017 In Vitro 1.8% 267 Chinese
Burklein S et al 2017 In vivo 1.2% 644 German
Martins J. N. R. 2017 In vivo 2.2% 690 Caucasian
de Lima CO et al 2018 In vivo 1.6% 496 Brazilian
Singh N 2018 In vivo 4.1% 120 North Indian
Korenova AB 2018 In vivo 3.9% 129 Serbian
Dinakar C et al 2018 In Vitro 2.22% 225 South Indian
Senan EM et al 2018 In Vitro 3.25% 250 Yemen
Present Study 2018 In Vitro 1.36% 589 South Indian
OVERALL 31 3.28%

AVERAGE
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Table 14: INCIDENCE OF THREE ROOTS - STATISTICAL A NALYSIS

GROUPS COMPARED t-value p-value SIGNIFICANCE
Present Study With Other Cbct Studies 2.731 0.023 SIGNIFICANT
Cbct With Non Chct 0.735 0.468 NOT SIGNIFICANT
Present Study With Previous Studies 2.626 0.014 SIGNIFICANT

Student’s “t” test for two independent groups is used to compareitiidficance of difference between means of twaugsoat 5% level of
significance.

Note 1 If “p” value is more than 0.05, then we can codeluhat there is no significant difference betwtentwo groups considered with
regard to mean.

Note 2 If “p” value is less than 0.05, then we can codel that there is a significant difference betwd#entwo groups considered with
regard to mean.

Note 1: 5% level of significance considered in thenparisons

Note 2: One sample t-test is used to find diffeecbetween sample (present study) and populatioas(peevious studies)
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TABLE 15a: CANAL CONFIGURATION — NON - CBCT STUDIE S

x TYPES |__|IJ N
TYPE OF o
< N
AUTHOR ”>J STUDY <§t 5 POPULATION
| Il I v \% VI VII VIl n
Pineda.L et al 1972 Radiography 26.2% 23.9% 0 41.7% 7.7% @ 0 0.59%282 Mexico
Carns EJ et al 1973 Modelling 9.0% 13.0% 0 72% 0 0 0 69 100 Usa
Green D et al 1973 Longitudinal 8% 26% 0 66% 0 0 0 0% 50 Usa
Sectioning
Vertucci FJ et al 1979 Dye Injection 8% 18% 0 26% 62% T 0 5% 400  t&/Americans
Vertucci, FJ et al 1984 Clearing 8% 18% 0 62% 7% 0 0 5% 104 Usa
Technique
Caliskan et al. 1995 Clearing 3.9% 5.9% 0 78.4% 5.9% 5.99 0 0 100 Turkey
Technique
Wu et al 1995 Clearing 11% 26% 5% 49% 4% 5% 0 0 100 Chinese
Technique
Zaatar et al 1997 Radiography 11.4% 10.1% 0 74.7% 0 0 a 3.8% 79 Kuwaiti
Kartal et al 1998 Clearing 8.7% 1% 0 71.3% 14.7% 2.39 0.3% 1.3% 300 Turkish
Technique
Chaparro AJ et al 1999 Cross Sectioning 1.3% 37.3% 0 58% 0 0 ( 3.3%50 1 Andalusian
Oginni A et al 2004 Radiography 14.8% 29.5% 0 55.7% 0 0 a @ 122 gefins
Sertsetal 2004 Clearing 10.5% 12.5% 5.5% 61.5% 3.5% 1% 0 3% 200 Turkey
Technique
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TABLE 15b: CANAL CONFIGURATION — NON - CBCT STUDIE S

Deng et al 2004 Clearing 48.8% 9.8% 2.4% 36.2% 0 2.1% 0 0.6% 326 Chinese
Technique
Lipski et al 2005 Radiography 2.1% 6.3% 0.0 55.7% 0 0 ( 9.2% 142  Polish
Awawdeh L et al 2008 Clearing 3.3% 10.2% 0.3% 79.7% 2% 2.3% 0 1.5% 600 Jordan
Technique
Atieh MA et al 2008 Clearing 8.9% 26.8% 0 82.4% 0 0 0 1.2% 246 Saudi
Technique
Peiris R et al Clearing 1.3% 16.3% 2.0% 64.0% 5.9% 5.9% 0.7% 0 153 Sri hank
2008 Technique 4.9% 29.6% 2.5% 45.7% 2.5% 8.6% 0 0 8l Japanesg
Weng Et Al 2009 Clearing 6.3% 22.1% 3.2% 64.2% 3.2% 1% 0 0 95 Chinese
Technique
Ng'ang’a et al, 2010 Clearing 2.6% 2.6% 0 68.8% 14.3% 0 0 11.7p6 155 Kenyan
Technique
Rwenyonyi C.M et al 2011 Clearing 13% 29% 1.9% 48.1% 1.9% 1.9% 3.7% 0 202 Ugandan
Technique
Neelakantan P et al 2011 Clearing 17.6% 28.6% | 24.2% 28.6% 0 0 0 0 301 Indian
Technique
Mathur S et al 2011 CT 5% 25% | 8.33% 45% 11.67% 3.33% 1.6V/% D 50 diain
Kockani F et al., 2014 Dental Operationg 5% 5% 10% 70% 6.7% 0 3.39 0 221 Kosovar
Microscope &
Digital Radiograpgy
Gupta S et al 2015 Clearing 23.2% | 14.8% | 13.6% | 33.2% 6.8% 2% 4% 0.4% | 250 North Indian
Technique
Dinakar C et al 2018 Clearing 9.76% 13.4%| 0.46% 66.51% 0.46%  6.51% 0 2.32% 246 uthSadian
Technique
Banga K.S et al 2018 Clearing 80% 8% 5.33% 6.66% 0 0 0 0.66% 75 North Indian
Technique
Senan E.M et al 2018 Dye Injection 13.2% 4.4% 8% 55.6% 5.69 1.6% 3.6% 8%.| 250 Yemeni
OVERALL AVERAGE 28 13.06% | 16.9%| 3.31%| 55.93%| 5.92% 2.01% 0.62% 2%
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Chart XIl: NON - CBCT CANAL CONFIGURATION — OVERALL

1972 1973 1984 1995 1998 2004 2004 2008 2008 2010 2011 2014 2018 2018

YEAR OF STUDY

“TYPE |
TYPE 1l
=TYPE Il
TYPE IV
=TYPE V
TYPE VI
=TYPE VII

=TYPE VI



PERCENTAGE OF INCIDENCE

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%

MAXILLARY PERMANENT FIRST PREMOLAR
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Chart XIV: NON - CBCT CANAL CONFIGURATION I, Ill, vV 1, VII, VI
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Table 16: CANAL CONFIGURATION — CBCT STUDIES

AUTHOR YEAR T\(SIF;E TYPES SASI\IAZPELE POPULATION
STUDY | Il 1 v \% VI VI VI
Tian YY et al 2012 In vivo 14% 23% 4% 51% 3% 2% 1% 1% 300 Chinese
Elkady et al 2013 In vivo 5% 5% 10% 70% 6.7% 0 3.3% 0 120 Saudi
Mirzaie M et al 2014 In vitro 10.6% 25.8% 0 62.1% 1.5% 0 0 0 66 Edami(iran)
Ok E et al 2014 In vivo 9.57% 6.46% 1.38% 76.94% 4.57% 0.07 0| 1.01% 1379 Turkish
Abella F et al 2015 In vivo 25.1% 10.2% 4.4% 52.89 1.9% 1.6% 1.4% 2.6% 430 Spanish
Bulut DG et al 2015 In vivo 62.6% 34.1% 0.8% 1.9% 0.6% 0 0 511 Turkish
Celikten B et al 2016 In vivo 4.5% 16.2% 0.4% 44.8% 0.6% 0 0.9% 7 43 Turkish cypriot
Martins JNR et al 2017 In vivo 3.2% 17.3% 0.3% 68% 0.9% 4.89 0 0.7¢ 90 6 Caucasian
Burklein S et al 2017 In vivo 3.9% 6.5% 0.0% 68.5% 7.9% 12.39 0.2% .09 644 German
Nazeer MR et al 2018 In vivo 68% 12.9% 7.5% 0 3.749 3.2% 0 0.5% 114 Pakistani
Alquediari A et al 2018 In vivo 10.8% 8.4% 1.8% 70.6% 3.9% 2.1% 0.3% 2.1% 334 Saudi
de Lima CO et al 2018 In vivo 6.5% 7.7% 0.6% 82.2% 0.8% 0.69 0 1.6 496 Brazilian
Singh N et al 2018 In vivo 30% 10% 6.6% 45% 6.6% 5% 1.69 0 120 dian
POPOVIC.M et al 2018 CBCT 10.1% 20.2% 3.1% 58.9% 0.89 1.69 0 5.4% 29 1 SERBIAN
Present study 2018 In vitro 9.02% 14.51% 13.73% 28.63% 32.16% 8%7 0.39% 0 589 Soth indian
OVERALL
AVERAGE 18.19% 14.55% 3.64% 52.09% 52.04% 2.27% 0.55% 1.19%
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Chart XVIl: CBCT - CANAL CONFIGURATION I, I, VI, VII, VIl
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Table 17a: OVERALL PRESENCE OF CANAL CONFIGURATION

TYPEOF | TYPE | TYPE | TYPE | TYPE | TYPE | TYPE TYPE SAMPLE
AUTHOR YEAR STUDY I Il Il v \% VI VIII SIZE POPULATION
Pineda.L et al 1972 InVitro | 26.2%| 23.9% 0 41.7% 7.7% 0 0 0.59 282 Mexico
Carns EJ et al 1973 In Vitro 9.0%| 13.0% 0 72% 0 0 0 6% 100 Usa
Green D et al 1973 In Vitro 8% 26% 0 66% 0 0 0 0% 50 Usa
Vertucci FJ et al 1979 In Vitro 8% 18% 0 26% 62% 7% 0 5% 400 Whiteekitans
Vertucci FJ et al 1984 In Vitro 8% 18% 0 62% 7% 0 0 5% 100 Usa
Caliskan et al 1995 In Vitro; 3.9% 5.9% 0 78.49 5.99 5.99 0 0 100 Turkey
Wu Et Al 1995 In Vitro 11% 26% 5% 49% 4% 5% 0 0 100 Chinese
Zaatar El Et Al 1997 In Vivo 11.4%| 10.1% 0 74.7% 0 0 0 3.89 79 Kitiwa
Kartal NEt Al 1998 In Vitro 8.7 1% 0 71.3% 14.7% 2.39 3 1.39 003 Turkish
Chaparro AJ et al 1999 In Vitro 1.3% | 37.3% 0 58% 0 0 0 3.3% 150 Andgn
Oginni A et al 2004 In Vivo 15% | 29.5% 0 55.79 0 0 0 0 122 Nigesian
Sert S et al 2004 InVitro | 10.5%| 12.5% 5.5% 61.5% 3.5% 19 0 39 002 Turkey
Deng Et Al 2004 InVitro | 48.8%| 9.8% 2.4% 36.2% 0 2.1% 0 0.69 263 Chinese
Lipski M Et Al 2005 In Vitro 2.1% 6.3% 0.0 55.7% 0 0 0 9.29 142 lidho
Awawdeh L et al 2008 In Vitro 3.3% | 10.2% 0.3% 79.7% 2% 2.39 0 1.59 600 Jordan
Atieh MA et al 2008 In Vitro 8.9% | 26.8% 0 82.4% 0 0 0 1.29 246 dsau
Peiris R et al 2008 In Vitro 1.3% | 16.3% 2.0 64.0% 5.9% 5.99 0. 0 153 Sri Lankan
4.9% | 29.6% 2.5 45.7% 2.5% 8.69 0 0 81 Japanese
Weng Et Al 2009 In Vitro 6.3% | 22.1% 3.2% 64.2% 3.2% 1% 0 0 95 Chinese
Ng'ang’a Et Al 2010 In Vitro 2.6% 2.6% 0 68.89 14.3% 0 0 11.7 155 Kenyan
Rwenyonyi C.M et al 2011 In Vitro 13% 29% 1.9% 48.1% 1.9% 1.99 7% 0 022 Ugandan
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Table 17b: OVERALL PRESENCE OF CANAL CONFIGURATION

Neelakantan P etal | 2011 | In Vitro| 17.6% 28.6% | 24.2%  28.6% 0 0 0 0 301 Indian
Mathur S et al 2011 | Invitro 5% 25% 8.33% 45% 11.67%3.33% | 1.67% 0 60 Indian
Tian YY etal 2012 | Invivo 14% 23% 4% 51% 3% 2% 1% 1% 300 Chinese
Elkady et al 2013| Invivo 5% 5% 10% 70% 6.79 0 3.3% 0 120 Saudi

subpopulation
Mirzaie M et al 2014 | Invitro| 10.6% 25.8% 0 62.1% 1.5% 0 0 0 66 Eldami(iran)
Kockani F et al., 2014 | In vitro 5% 5% 10% 70% 6.79 0 3.3% 0 221 Kasov
Ok E et al 2014 | InVivo| 9.57% 6.46% 1.38% 76.94% 4.57% 0.07% g 14% 1379 Turkish
Gupta S 2015 In Vitro| 23.2% 14.8% | 13.6% | 33.2% | 6.8% 2% 4% 0.4% 250 North Indian
Abella F Et Al, 2015| InVivo| 25.1% 10.2% | 4.4% 52.8% | 1.9% 1.6% 1.4% 2.6% 430 Spanish
Celikten B et al 2016| Invivo 4.5% 16.2% 0.4% 44.8% 0.6% 0 0 0.9% 7 43 Turkish cypriot
Martins JNR et al 2017 | Invivo 3.2% 17.3% 0.3% 68% 0.9% 4.8% 0 0.7% 90 6 Caucasian
Burklein S et al 2017 | Invivo 3.9% 6.5% 0.0% 68.59 7.9% 12.3% 0.2 .09 644 German
Nazeer MR et al 2018 | InVitro| 68% 12.9% 7.5% 0 3.74% 3.29 0.5% 4.27% 114 Pakistan
Dinakar C et al 2018 | In Vitro| 9.76% 13.4% | 0.46% 66.51% 0.46% 6.51% 0 2.32% 246 uthSadian
Algedairi A et al 2018 | In Vitro| 10.8% 8.4% 1.8% 70.6% 3.9¢9 2.1% 0.3% 2.1% 334 SRoplulation
de Lima CO et al 2018| Invivo 6.5% 7.7% 0.6% 82.29 0.8% 0.6% 0 1.6% 496 Brazilian
Singh N et al 2018| Invivo 30% 10% 6.6% 45% 6.6% 5% 1.6% 0 120 dian
POPOVIC.M et al 2018 | Invitro| 10.1% 20.2% 3.1% 58.9% 0.8% 1.6% 0 495. 129 SERBIAN
Banga K.S et al 2018 Invitro 80% 8% 5.33% 6.66% 0 0 0 0.66% 75 North Indian
Senan E.M et al 2018 | Invitro| 13.2% 4.4% 8% 55.6% 5.6% 1.6% 3.6% 89%0. 250 Yemeni
Present study 2018 Invitro| 9.02% 14.51% 13.73 28.6300 32.16%.78% | 0.39% 0 589 South indian
S\YEESQELE 13.72% | 15.65% | 3.49%| 55.86%| 5.74% 2.15% 0.62% 2.16%
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Table 18: CANAL CONFIGURATION: COMPARISON - PRESENT STUDY WITH OTHER CBCT STUDIES

CANAL TYPES t-value p-value SIGNIFICANCE
Type | 1.736 0.106 Not significant
Type I 0.019 0.985 Not significant
Type Il 12.703 0.000 Significant
Type IV 3.755 0.002 Significant
Type V 42.920 0.000 Significant
Type VI 1.792 0.096 Not significant

Type VII 0.646 0.530 Not significant
Type VIII 3.255 0.006 Significant

Student’s “t” test for two independent groups is used to comparesitirdficance of difference between means of twaigeoat 5% level of

significance.

Note 1 If “p” value is more than 0.05, then we can codeluhat there is no significant difference betwtentwo groups considered with

regard to mean.

Note 2 If “p” value is less than 0.05, then we can codel that there is a significant difference betwtentwo groups considered with

regard to mean.

Note 1: 5% level of significance considered in tbhenparisons

Note 2: One sample t-test is used to find diffeecbetween sample (present study) and populatioas (peevious studies)
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Table 19: CANAL CONFIGURATION: COMPARISON — CBCT WI TH NON CBCT STUDIES

CANAL TYPES t-value p-value SIGNIFICANCE
Type | 0.981 0.332 Not significant
Type Il 0.748 0.459 Not significant
Type I 0.246 0.807 Not significant
Type IV 0.323 0.748 Not significant
Type V 0.876 0.386 Not significant
Type VI 0.384 0.703 Not significant

Type VI 0.151 0.881 Not significant
Type VI 0.869 0.390 Not significant

Student’s “t” test for two independent groups is used to comparesitirdficance of difference between means of twaigeoat 5% level of
significance.

Note 1 If “p” value is more than 0.05, then we can codeluhat there is no significant difference betwtentwo groups considered with
regard to mean.

Note 2 If “p” value is less than 0.05, then we can codel that there is a significant difference betwtentwo groups considered with
regard to mean.

Note 1: 5% level of significance considered in ¢thenparisons

Note 2: One sample t-test is used to find diffeecbetween sample (present study) and populatioas(peevious studies)
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Table 20: CANAL CONFIGURATION: COMPARISON - PRESENT STUDY WITH PREVIOUS STUDIES

MAXILLARY PERMANENT FIRST PREMOLAR

CANAL TYPES t-value p-value SIGNIFICANCE
Type | 2.150 0.038 Significant
Type Il 1.094 0.280 Not significant
Type Il 14.248 0.000 Significant
Type IV 8.436 0.000 Significant
Type V 17.991 0.000 Significant
Type VI 3.097 0.004 Significant

Type VII 1.123 0.268 Not significant
Type VI 4.420 0.000 Significant

Student’s “t” test for two independent groups is used to comparesitidficance of difference between means of twaugsoat 5% level of
significance.

Note 1. If “p” value is more than 0.05, then we can codeluhat there is no significant difference betwtentwo groups considered with
regard to mean.

Note 2 If “p” value is less than 0.05, then we can codel that there is a significant difference betwd#entwo groups considered with
regard to mean.

Note 1: 5% level of significance considered in thenparisons

Note 2: One sample t-test is used to find diffeecbetween sample (present study) and populatioas(peevious studies)
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Discussion

The permanent human maxillary first premolar is ohthe teeth which pose
difficulties during root canal therapy. This is dte the fact that there is a
considerable variation in the number of canals,nim@ber of roots, the presence of
apical curvature, the shape of the roots with teepdlongitudinal grooves and
difficulties in apical visualization. Maxillary preolars have highly variable root
canal morphology and generally presents with onéwar roots. Three canals or
roots in maxillary first premolars have been repdriThe factors that influence the
variations found in the root and canal morphologglude ethnic background,
gender, sample size, data collection methods, stiedign and techniques used in
analysing the root and the canal system. Varioasaes have been proposed for the
formation of the extra root. The incidence of threeted maxillary first permanent
premolars have been found more frequently in caaicgsopulations compared to

asian populations/alker RT in 1987)"*

The presence of extra root canals, which are Ietiteated is the reason for
many treatment failures encountered in endodon{8owey et al in 1979f?
Missed root or canals remain as a source of irdecind have been reported as a
primary reason for retreatment with incidence ohah as 42%(Hoen & Pink in
2002) *®* During endodontic therapy all of the canals ar¢ aways found and
various reasons have been attributed. Inabilizetmgnize all the canals of the root
canal system and adequately obturate them hasditeenas the primary reason for
failure of endodoontic therapgingle.J in 1976f° All available methodologies and
techniques should be used to three dimensionalbesas locate, cleanse and
hermetically seal the entire root canal system.nEueder the most challenging

situations it is comforting to note that the cutremethodologies used result in
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exceptionally high rates of succeégertucci F.J. in 2005Y*! On the single rooted
maxillary first permanent premolars longitudinalpdessions have been observed
with a incidence of as high as 72.4% on the mesidhce of the root and 52.7% on
the distal surface. The mesial surface depressiens found to be deeper than that
of the distal surface depression®e¢ora D J et al in 199%f Some authors
recommend modification of instrumentation procedasised on the morphology of

the tooth.

Preoperative awareness of the variations encouhterex particular tooth
paves way for successful treatment outcomes. Fastoch as the age, sex, race,
specific tooth involved, anatomical variations, piojogical healing ability, the
immune status, presence or absence of systemiaseiseesistance to irritation and
infection, the condition of the surrounding perialom and operator experience
could possibly influence outcomes of endodonticapg in addition to the technical
expertise and experience of the clinician. Basednamber of morphological
variations inherently reported for this tooth it wid be prudent to incorporate
sufficient modification of instrumentation procdsased on the morphology of the

tooth, which has to be looked into detail prioiriiation of therapy.

The permanent maxillary first permanent premolargaveh been
predominantly reported with two roots, and the kngoot is next common
incidence. Incidence of three roots has also beparted. A number of invitro and
invivo studies have been done on the human maxifiesst permanent premolar.
The variations in canal configuration, anatomy amatphology have been reported
from different populations across the globe withywragy percentages of incidence.

The knowledge of these variations in different dapan groups is necessary for
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achieving successful treatment outcom®ruxillary contralateral premolars have
been found to have an exceptionally high inciderafe symmetry in root

andcanal systems. This facilitates clincians to better deiee the nature of the
rootcanal system during endodontic treatment by comparirgddnal system with

that of the opposite teeth in the opposite ¢idé&/H in 2018)°°

The incidence of the single root has been reporied range of 10% to
76.6% in literature. Studies on the Chinese pojmridtave reported the single root

as being more commorfTian YY in 2012)°

A maxillary first premolar with
decreased length and single roots being more conwiaegnreported in a Nepalese
population.(Dashrath K in 2015f* In people of Mongoloid origin single rooted
premolars have been found to be more prevalentEdst Greenland Eskimo
(Pederson P.O 19485, and the Aleut Eskimos the incidence of the simgte was
reported as high as 87-95¢urner C.G et al 1967)}° Sixty percent had no
tendency towards bifurcation and were consideretbetdruly single rooted in a
study on a southern Chinese populatifvalker RT in 1987)** In the present

study the single rooted pattern wascond commonestwith a percentage of

incidence 0#3.29%.[Tablel Chart II]

The prevalence of two roots has been reported fierdint populations as
being common compared to the single root andrtidence has been reported to be
in the range of33% to 85% in literature. Singaporean population considered
primarily as Mongoloid had two root form as mostoon (50.6 %) compared to
other studies done on the Singaporean dentitioviqursly (Loh HS in 1998F°. The
author also observed that the bifurcation of theili@ay first premolar occurred at

the coronal, middle and apical thirds of the rodte incidence of two roots was
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most common in the present study at an incidencg5@5%. [Tablel Chart I]
The two rooted pattern presented with a buccal amalatal root. In the present
study they were divided into thr&ubgroups A, B & C based on level of location

of the furcation[Chart I]

The incidence of three rooted maxillary first penmat premolars have been
found more frequently in caucasian populations cameg to asian populations
(Walker RT in 1987)"** The incidence of the third root has been repadstechany
researchers but the percentage of incidence isl@erywvhen compared to that of the
single rooted and two rooted versions. Incidencdéwaf rooted and three rooted
variations of permanent maxillary first premola@vé been found with increased
incidence in patients with Turner syndroifMidtbo M et al in 1994)°. Incidence
of three root variations has been reported frorfeddht populationgChaparro AJ
et al in 1999%°. The three rooted variations are directly attrénle to ethnicity of
population being studied. They are more frequefdlynd in the Eskimo, Native
American, Mongoloid, and Chinese populatioshmad IA et al in 2016Y.
Various reasons have been proposed for the formafidhe extra root namely the
altered division during tooth development, heredibpth bud dichotomy and dental

lamina behaviour during the formation of the root.

Three rooted maxillary premolars were classifiatb ifour groups on the
basis of external morphology namely group A- sepameaof the buccal and palatal
roots with bifurcation of the former into the mdsiecal and distobuccal roots,
group B- fusion of two buccal roots with the palatzot being separate, group C-
complete or partial fusion of the distobuccal aathfal roots, and group D- fusion

of all three roots. The distance of bifurcationtleé buccal-palatal root canals from
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the cemento enamel junction varied between thepgraand some also had C-
shaped canals. There is a considerable variationexiernal and internal
morphologies of the three rooted maxillary firstqmolars. Beltes P in 2017y
During intra oral radiological examination where tmesio distal width of the first
premolar at the middle of the root level is equabt greater than that of the crown,
the presence of a third root is likely and shoudd donsidered(Sieraski SM in
1989Y%! The reported range of incidence in other studieges fromrD% to 9.2%.

[Table:13]

In the present study incidence of three rootecepativas least common and
presented with two buccal and one palatal rootshénpresent study the incidence
of three rooted maxillary first premolars wads36%. [Tablel Chart 1l]. The
present study was done using cone beam tomogragtalysis On a statistical
comparison and analysis of the results of the ame of three roots obtained in the
present study with that of other studies done usomg beam tomographic techniques

the results were found to Batistically significant.( P<0.05) [Table 14]

On a statistical comparison and analysis of thelt®®f the incidence of
three roots found between studies done with comelieenographic techniques and
that of other studies done using other techniges results were found to be
statistically on par with that of other stud{eB.> 0.05) [Table 14]On a statistical
comparison between the incidence of three rootsimdd in the present study with

that of all other studies we find it is statistlgadignificant( P < 0.05) [Table 14]

In this study of human maxillary permanent firsempolar teeth the
percentage of incidence of single root is 43.29%@ toots is 55.35%, and three

roots is 1.36%In the present studgroup Il wasmost commonwith a incidence
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of 55.35% [Tablel Chart Il]. Group | was the next commonest with an incidence
of 43.29%. Group Il was the least common with acidence 0f1.36%. [Tablel

Chart II].

Though maxillary first permanent premolars haveialde root canal
morphologies, incidence of three canals is quite. i@ most instances the maxillary
first permanent premolar was found to have two lsarathough teeth with one or
three canals are found with leser percentage ddence. Maxillary permanent first
premolars were found to have a three canal incel@fi®.2% (Mariusz et al in
2005¥’ Dealing with maxillary premolars which have threanals during
endodontic therapy is challenging. Clinicians sdolé aware of the variations of
anatomy they may encounter when endontically ingagi maxillary first permanent
premolar. They should apply this knowledge in aichl scenario systematically on
a case wise basistAgwan A S et al in 2016) The incidence of three
canal maxillary first permanent premolar is betw@ebP6 and 7.5% as reported by

various studies.

Two distinct types of three canal maxillary prearsl presentations
namely, two rooted three canal and three rootezktizanal teeth are found to be
present. Xie K in 2013)"*° The maxillary first premolar presenting with thieanals
namely, mesiobuccal, distobuccal and palatal islainio maxillary first molars.
They are referred to as ridiculous, ridiculous ora# molars. Where three root
canals are present, the buccal orifices are ndtdeéihed on visual inspection. Use
and correct directional placement of the endodaxjorer, use of magnification or
a small size file is necessary to identify the tan@ax X in 2011§* (Maibaum

WW in 1989)**
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Good quality radiographs are mandatory for aceudstection of canals
especially when analyzing the anatomic detailshaf toot not clearly visible or
distinct. Bellizi R et al in 1985} Disappearing or suddenly narrowing root canals
should be taken into consideration during pre-dpegaadiographic examination. If
the root canal course cannot be traced, straightenroadens abruptly, the
likelihood of an additional canal additional camalthe same or additional root
should be suspected. This is because the additanal is superimposed on the first
one because of the two dimensional nature of ti®gaaphic image.Sieraski SM
in 1989y when a intra oral radiograph shows an instrumethiwithe canal as
eccentric in the roots the possibility of multipfeots should be considered.
(Caliskan M K in 1995Y* Therefore a radiograph of good quality using peliag
radiographic technique with a cone shift in théatidirection will provide additional
insight into the internal anatomy of the root canBhree dimensional analysis
methodologies like cone beam tomography will surdeglp identify the variant

anatomical configurations without fail.

In certain instances the two buccal canals anse fa narrow common
main canal that extends from the pulp chamber hisdcteates an “S” shaped shape
of the canal that leads to restriction of instrutagon as it is difficult to confirm to
that shape. This situation can be effectively maddwy troughing for a depth of one
to two mm depth in a apical direction and betwe®an tivo buccal canals. This is
similar to pre-flaring technique in endodontics idgrintra canal preparation and
“S” shaped canal shape is straightened out rerglemcal instrumentation more
easier and effective. This is done after the acpessaration. Buccal canals which

are narrow should be enlarged carefully and anggxcemoval of radicular dentin
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will result in a strip perforation. The safest terjue is using a small endodontic file
till the full working length. Using step back flag, reverse flaring, reverse filing as
deemed appropriate after which the canal obturasodone. The common root
morphology seen maxillary first permanent premaelaen three canals are present
is three separate roots, each consisting of a esimglnal classified as the
mesiobuccal, distobuccal and the pala(Sieraski SM in 1989)°* These three
rooted maxillary first premolars resemble the aefgcmolars and are therefore
sometimes called ‘radiculous{Javidi M in 2008)* The proper identification of
variations in curvature and length of roots allawe operator to adjust his canal
preparation technique thereby avoiding iatrogexmmplications. Agwan A S in

2016}

There are various methods by which the third caaaél can be identified
using intra oral radiography. Though three dimemsiothe cone beam tomographic
investigation cannot be used routinely becausecoh@mic and radiation exposure
concerns. The maxillary first premolar routinelyshtavo canals. The presence of a
third hidden canal should be searched during adtéss pulp chamber appears too
large in the mesio distal plane on the intra caalidgraph. Access cavity outline is
determined by the anatomical size and shape gfulpechamber and the location of
the root canal orifices. A modification in the assereparation with a T-shaped
access outline helps in identification of the thaahal. This access modification
procedure allows for a easy straight line accd#silto the canal system. If a third
canal is suspected the outline is extended by mgakirditch cut at the bucco
proximal angles from the buccal canal entrancé¢octivo surface angl@Balleri et

al in1997)% The buccal orifices may be close to each otherdiffidult to locate in
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three canalled teeth. One may encounter an obstnueind a deflection to the
buccal or the lingual side before further explanatof the canal while using a small
file. The canal entrance will take a ovoid shapthabucco palatal direction if there
is a bifurcation of the canals in the middle thifd/iene FS et al in1982}’ The

crucial factors in correct diagnosis and easy natjoh is a proper tactile feel

technique and adequate precurving of the file.

The reported range of incidence of three canatsthier studies ranges from
0.5% to 9.2%. [Table 9]The present study was done using cone beam tormuograp
analysis On a statistical comparison and analysis of thalte®f the incidence of
three canals obtained in the present study withdhather studies done using cone
beam tomographic techniques the results were foorzk statistically on par with
that of other studiegP > 0.05) [Table 10]On a statistical comparison and analysis
of the results of the incidence of three canalsifbun the present study with that of
all other studies done on evaluation of presencthigfe canals the results were
found to have a statistically significant differen¢dP < 0.05) [Table 10]On a
statistical comparison between the studies donagusone beam tomography
technique and studies done using other technigqudiseoincidence of three canals in
maxillary first premolars we find that there is significant difference(P > 0.05)
[Table 10] In this study of human maxillary permanent firsemolar teeth the
percentage of incidence of three canals in mayiliast premolars i4.7%. [Table9

Chart V111, IX].

Various diagnostic techniques have been developbith help the
clinician identify aberrant canal anatomy. Intraloradiography was first used to

identify the location, number and apical terminatf canals. Radiographs from
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different angles helped the clinician to make aggrdent of the presence of extra
canals, roots etc, This led to increased radiagixpposure, technique sensitive and
consumed more time. With the introduction of digitadiography, ease of
archiving, transmission, and long distance consatia were possible. They also
reduced the radiation dose and digital documemtadibthe patient records was
possible. Software manipulation and analysis odehenages helped the endodontist
locate canals, calculate better working lengths, @oserve the apices of the canals
for infection and proper termination of the restama. For proper detection of canal

orifices during an access preparation various nugtlogies have been used:

1) Proper exploration of the chamber floor

2) Observing the anatomical landmarks of the phgmtber floor

3) Use of magnification (Loupes, Microscopes etc)

4) Staining

5) Observing the bleeding points during the acpesgaration procedure.

6) Performing a bubble test using sodium hypoctdori

7) Use of a ultrasonic probe

8) Troughing the pulpal floor grooves

9) Proper planned access preparation

10) Access modification

11) Use of special radiographic techniques

12) Use of cone beam CT
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13) Ensuring proper training of the operator

14) Operator persistence

15) Scheduling adequate clinical time.

16) Familiarity with the laws of the pulp chamber.
17) Trans-illumination

18) White line test

19) Red line test

20) Use of micro-openers

Intra oral radiography used for the diagnosis myrndodontic therapy
yield limited information because of geometric dribn, anatomical noise and two
dimensional nature of resultant images. These factften act in combination. Thus
there are limitations in the use of periapical ogdaphic techniques, and other
methodologies especially three dimensional imageuipniques like tuned aperture
computed tomography, magnetic resonance imagingrasound, computed
tomography and cone beam computed tomography hesse $uggested as adjuncts
to conventional radiographs. Of these techniquase deam tomography appears to
be a safe and effective method to overcome sontkeoproblems associated with
conventional radiographic techniqu@aratto filho et al in 2009)*. Cone beam
computed tomography produces undistorted three riiaeal information of the
maxillofacial skeleton, including teeth and surrdung tissues with a significantly

lower effective radiation dose compared with coreral computed tomography.
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All radiographic examinations must be justified @m individual
requirement basis where the benefits to the patieming each exposure must
outweigh the risks. Exposure to X-rays should net donsidered routine and
certainly cone beam tomographic examinations shoatdoe done without initially
obtaining a thorough medical history and clinicatamination. Cone beam
tomography compared with periapical radiographyvgiend the true size, extent,
nature and position of periapical lesions. It heipsbetter assessment of root
fractures, canal anatomy and alveolar bone topbgrapound teeth. Cone beam
tomography should be considered an adjunct to twoemsional imaging in
dentistry. Limited field of view cone beam tomogngpunits can provide images of
several teeth from approximately the same radiatimse as two periapical
radiographs, and they may provide an advantagerinst of dosing of radiation over

multiple traditional images.

A thorough analysis of radiographs taken from iplét directions,
meticulous exploration of the pulpal floor, a gokdowledge of the root canal
anatomy with possible variation of the canal systamd allocating sufficient
treatment duration will go a long way to achieveuacessful treatment outcome in

root canal therapy.

The maxillary first permanent premolars commonlg avo rooted and
have two canals. Awareness and anticipation abbet gossible variations of
anatomy which occur in these teeth is key to sicddse should also consider their
relationship with surrounding structures duringnpiimg and executing endodontic,

restorative or periodontal surgical treatment pdoces.
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Different invivo and invitro methodologies have heeadvocated to
investigate the root canal anatomy. The cone beanodgraphy technique has the
ability to detect canal systems within the rootpascisely as staining and clearing
techniques. This is due to the fact that they tfiwee dimensional visualization and
are able to provide complete morphologic detailshi® clinician Neelakantan P

et al in 2010Y*

Theinvivo techniques involve clinical evaluation, wpective assessment
of records of patients, intra oral radiographiclgsia and use of techniques such as
conebeam computed tomograplfPattanshetti in 2008§* (Atieh MA in 2008)°
Theinvitro methods include conventional radiographechniques, clearing of the
canal systems after staining, sectioning the rooid aexamining them

microscopically and micro computed tomograpttquediari et al in 2018

The canal configuration in this study was evaldatising the vertucci
system of classification which has universal acaeqpt. Type IV configuration has
been common among the studies done previously.rdlatanals, presence of
isthmus, incidence of three roots and apical déitase been reported in maxillary

first premolars. The occurrence of developmentahaaties is relatively rare.

(Ahmad IA in 2016)* Type IV Weine's configuration in the buccal root
of maxillary first premolar was one study which alissed this type of a unique
configuration in the buccal root of the maxillaryrst permanent premolar.
(Matuella L G in 2005)°? Thirty nine buccal roots of maxillary first perment
premolar having longitudinal sulcus were founchttve a very high incidence of

(34.3%)type IV canal configuratiorDédresenfar B in 2009
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During evaluation of canal anatomy, ethnicity bé tpatient has a vital
role in providing the clinician with valuable infoation on canal configuration. In
the present study on human permanent maxillary firemolars in a south indian
population,Type V canal configuratior{32.16%) was the most common. Most of
Vertucci's types of canal configuration was foundbe present. The results of the
canal configuration presented with data which veanglar or had differences to the
other reported studies in different racial popolas. The reported range of
incidence of canal configuration for the varioustweci types in other studies
ranges fromType-1 1.3% to 80%;Type-ll 1% to 48.8%Type-Ill 0.3% to 24.2%,
Type-IV 6.66% to 82.4%Type-V 0.46% to 62.0%;Type-VI 0.07% to 12.3%,

Type-VIlI 0.2% to 4.0%Jype-VIIl 0.4% to 11.7%Tablel7a,17b]

In the present study of incidence of canal confgion for the various
vertucci and other types ranges frampe-I 9.02%, Type-ll 14.51%, Type-lli
13.73%, Type-IV 28.63%, Type-V 32.16, Type-VI 0.78%, Type-VIl 0.39%,

Type-VIII 0% , andOthers 0.78% [Tablel7a,17Db]

The present study was done using cone beam taploigranalysis. On a
statistical comparison and analysis of the resuoltsthe incidence of canal
configuration obtained in the present study withttbf other studies done using
cone beam tomographic techniques the result$ype I,11,VI &VII  were found to
be statistically on par with that of other studid® > 0.05) and the results foFype

LIV,V&VIII  were found to be statistically significaflf<0.05) [Table 18]

On a statistical comparison and analysis of tiselte of the incidence of
canal configuration obtained in the present studth ihat of other studies the

results forType II&VII were found to be statistically on par with thatather
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studies(P > 0.05) and the results fofype I,lIL,IV,V, VI&VIII  were found to be

statistically significant(P<0.05) [Table 20]

On a statistical comparison and analysis of tiselte of the incidence of
canal configuration obtained between studies daiegucone beam tomographic
techniques with that of other studies the resutsall types were found to be
statistically on par with that of other studigB > 0.05).[Table 19]In this study of
human maxillary permanent first premolar teethglecentage of incidence of canal
configuration which did not fit in vertucci typesiéh have been categorised as

Others 0.78%.[Tablel7a, 17Db]

The maxillary first permanent premolar is a chajle to be treated
endodontically due to variations encountered arditiadal clinical skills required.
Additionally the various types pulp cavity configtions, and limitations in
visualizing the apical termination by radiographgk®as endodontic management a
highly skilled process required various techniagbhuts. Using tactile sensation
effectively and a thorough inspection of canal wallith small precurved file to
recognize, locate and negotiate hidden canal iemdy important. The suitable
modification in access to identify additional canalvhen suspected, proper
biomechanical preparation techniques like workintpva proper width, excercising
caution while troughing, constantly reassessingsthtus of the canal system will go
a long way in ensuring that the operator is abladioieve consistent success and in

the long run favourable treatment outcomes.
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Summary

Six hundred and fifty teeth were collected, cleaard stored in 1% thymol
solution at 38 C. Five hundred and eighty nine teeth were salealw&ided into
three groups based on the number of r@atsup | (single rooted maxillary first
premolars),Group Il (two rooted maxillary first premolars) and Grodf{ three
rooted maxillary first premolars. Group | consisidtwo hundred and fifty five
human maxillary first permanent premoldrs=255), Group Il consisted of three
hundred and twenty six human maxillary first perev@npremolardn=326) and

Group Il consisted of eight human maxillary fipgrmanent premolafg=8) .

The samples belonging to the respective groups there prepared for
conebeam tomographic examination by mounting on ax \Wwase, polished,
smoothened coded and stored, separately for tipeatage groups. Subsequent to
tomography the three dimensional image data waedtanalysed for parameters of

number of roots and canal configuration. The figdimere then recorded.

The results obtained for the all of the paramessauated were tabulated

and analysed statisticalljfables 1-20, charts I-XXVII]
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Conclusion

On completion of this invitro study on the analysfsthe canal configuration
using cone beam tomographic techniques in humanlimalar permanent first

molar teeth the following conclusions were made:

Overall in maxillary first permanent premolars timeidence of two roots
(Group II') was most common with an incidence 5§.35%, and the three
rooted Group Ill') was least common with a incidence 1hB6%.[Tablel

Chart 1]

In the present study, overall in maxillary firstrp@nent premolars theanal
configuration in Group | was Type V (32.16%), followed by Type IV
(28.63)%, Type Il (14.51%), Type lll (13.73%), Typg9.02%), Type VI

(0.78%), others (0.78%) and Type VII (0.39Pbable 4 Chart V]

In the present study, overall in maxillary firstrpg@nent premolars theanal
configuration in Group Il in both thebuccal and palatal rootwas Type |

(100%).[Table 5 Chart VI]

In the present study, overall in maxillary firstrpg@nent premolars theanal
configuration in Group Il (three rooted teeth) in the mesiobuccal

distobuccal and palatal roots was Type | (100Paple 6 Chart VII]

On analysis of results of this study on permaneakilary first permanent
premolar teeth based on a South Indian populatiercenclude thathe two
rooted premolar (Group Il) was most commorwith a percentage of
incidence of 55.35% On analysis of canal configuratiofype V was in

Group |, andl'ype | in Groups I, Il was common.
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