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Accessory canal:

Dental caries:

External root mor phology:

Internal root morphology:

Lateral canal:

Number of canals:

Pulp canal:

Pulp cavity:
Pulp chamber:

Pulp horns:
Root:
Root canal treatment:

Root curvature:

Root length:

DEFINITION OF TERMS

Any branch of the main pufmal or chamber that communicates
withe external surface of the rdot
Dental caries is a ds®of dental hard tissues which results from
logalized chemical dissolution of the tooth suefaaused by
@edlic events taking place in the biofilm (denti@que)
eving the affected aréa’.
Number of roots, root fusion, root curvature anotiength.
Number of canals and canal configuratibns
An accessory canal ledan the coronal or middle third of the
otoand extending horizontally from the main cdnal
The highest number of canatsialized at the floor of the pulp
cHaen and at the root apéx
Portion of the pulp cavity which is located in tto®t of the tooth
1, 2'

Entire central portiof a tooth which contains the pug 2
The elongated portion of the pulp whicls lie the central
portion of the anatomical crown of the tobth 3
The elongations otemsions of the pulp chamber which often

aspond to the cusps, or lobes of the téeth

Portion of the tooth which is covered with cementufn
Cleaning, shaping and filling of thelp canaF.
An external descriptionrobt morphology in relation to a root

whiis not straight 2
The length from a refece cusp tip to the most apical point on
oot
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ABSTRACT
Background: Knowledge of root and canal anatomy is essentiafl@signing and preparing

access cavities that give straight line accesfi¢omain root canals. Thorough knowledge and
understanding of dental anatomy and variationsomt and canal morphology of mandibular
incisors which include length, shape, position anchber is important for favorable root canal
treatment.

Objective: To determine the root and canal morphology of @eremt mandibular incisors in a
Kenyan population.

Study duration: The study was conducted for a period of three ydiams1 2011 to 2014.

Study Design: This was a descriptive cross sectional study.

Study area: The study was conducted in selected public densaitutions within Nairobi and its
environs namely Kenyatta National Hospital - Dentlhic, University of Nairobi - Dental
Hospital, Mbagathi District Hospital, Kiambu Distri Hospital, Thika Level Five Hospital,
Social League Dispensary, Gatundu District Hospi{aliado District Hospital, Machakos Level
Five Hospital, Ngong District Hospital and MathBistrict Hospital.

Materials and methods: A total of 208 permanent mandibular incisors (1at%ral and 84
central) that conformed to the inclusion criteriarev collected from the selected centres. The
teeth were washed in 3.85% m/v sodium hypochl¢Reckitt Benckiser E.A Nairobi, Kenya) to
remove adherent tissue and then stored in labelethiners containing 10% formalin (ART- M3
Bonart, Taiwan). First, data was collected on rmotphology by direct observation. Root length
was measured using a calibrated electronic vexakper. A standard clearing technique was
applied to determine the number of canals and ceoafigurations according to Vertucci's

classification. A data collection form was useddoord the findings for each tooth examined.

XV



Data analysis and presentation: The data was stored, coded and analyzed usingstRfati
Package for Social Sciences (SPSS Version 16pidli€hicago). Obtained data was used to
calculate frequencies, means, chi-square andistgtatof various variables and inferences were
drawn from the values obtained. The values obtainech inferential statistics were used to
compare results with those obtained in studies dom¢her populations. A value of P < 0.5 was
considered statistically significant. Results wpresented in form of frequency tables and pie
charts.

Results: A total of 208 mandibular incisors (124 lateratle8¥ central) were analyzed. All the
incisors had one root. Of the central incisors(@&67%) had curved roots while 86 (69.35%) of
lateral incisors had curved roots. Distal curvadumere the most prevalent.

The mean root lengths were 12.38 £ 0.244mm andb18&.4mm in central and lateral incisors
respectively..

Majority of central, 68 (80.5%) and lateral, 102.86%) incisors had one canal at the floor of
the pulp chamber. Type | canal configuration wasrttost frequent in both central (71.43%) and
lateral (67.74%) incisors. Single apical foraminarevthe commonest in both central (88.1%)
and lateral (90.32%) incisors.

Conclusions: All central and lateral incisors had one root. Roatre mostly centrally located
and distally curved. Majority of teeth had a sing&nal at the pulpal floor and anatomical apex
and type one canal configuration was the most peavalateral canals, apical deltas and
intercanal anastomosis were uncommon in centraladachl incisors.

Recommendations:

There is need for investigation of a second candl anusual canal morphology in permanent

mandibular central and lateral incisors during ireeiendodontic treatment.
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CHAPTER ONE
1.0. INTRODUCTION

Mandibular permanent incisors are the first permaieeth to erupt and play a very critical role
in aesthetics and speethHowever, their location in the anterior regidrtiee mandible makes
them prone to fractures due to trauma from spantgrpersonal violence and accidefits
Proximity to sublingual salivary glands increasesidence of perio-endo lesions and dental
caries due to heavy deposits of calculus on thguih aspect’ . These conditions may
necessitate endodontic therapy hence the needdwrsiand root and canal morphology of these
teeth.

Favorable treatment outcome is based on accuragnakis and treatment planning, thorough
chemo-mechanical preparation of the canal and fiioig with inert root filler *. Therefore,
detailed knowledge of the root canal systems domtes immensely to favorable endodontic
treatment outcome while inadequate understandirteofoot canal systems, improper shaping
and cleaning as well as poor obturation contribtaaesmfavourable treatment outcofhe

Dental practitioners must be aware that the main canals in a tooth may only provide access
to the complexities of the root canal systems, thmoust be fully cleared of all micro-
organisms. Research has shown that the dentalrapdtarned as a student may be out of date
®. More so teachings in endodontics are based drbteks and articles from western countfies
% 5 Many studies have shown variation in root andatanorphology from population to
population. Hence appropriate knowledge of canat end canal morphology of a particular
population is essential in designing and execuditgess cavities that give straight line access to

the main root canafs®,



Unfavorable root canal treatment outcome has begorted in 3%-60% of worldwide
treatments” ® °. In Kenya, the situation could be worse thoughdata exists. This has led to
many retreatments, waste of valuable time and ressuand reduction in quality of life as a
result of discomfort. The unfavorable treatmentcouotes have been attributed to lack of
knowledge in canal morphology of teeth and inabitd identify, clean and obturate unusual
canals due to variations in root and canal mormhot8 2

Variations in root and canal morphology can be assed with any tooth with varying degrees
and incidences$® 14 1> 16. 17. 18,19, 20. 21p 5 the early work of Hess & Zurch@&rto the most

al. 2% it has been established that a root with a tagezanal and a

recent studies by Boruadh
single apical foramina is the exception rather ttrenrule. Most investigators have shown that
the pulp canal system for most, if not all permadrterth is complex and canals may branch,
divide and rejoirt® /- 18 19.20

Unfavourable root canal treatment outcome has bsgorted to be high in mandibular incisérs
89 Permanent mandibular incisors often have a sirgleand a single canal, however various
anomalies of the root and root canal systems akasemultiple canals have been reported in
literature " %> 2% 27 Studies have shown that variation in number ofgdstuncommon while
canal types may vary according to rac® > 2% 229 3}ith a high percentage having more than
one canaf® #* %% 2% 3% Eor example, a prevalence of 30% and a 36.25%vofcanals in

mandibular central incisors was reported in an Acaer and a North East Indian population

respectively. In these studies, all mandibularsos were reported to have single rdot&®

In Kenya, cases of unfavorable root canal treatroettome in mandibular incisors are on the
rise. This can only be attributed to improper shgpicleaning and obturation of the canal
systems due to lack of knowledge of root canalesystin these teeth. There being no data on
root and canal morphology of permanent mandibularsors in the Kenyan population, there

2



was a gap in knowledge that required filling by wafyresearch. The aim of the study was
therefore to investigate the root and canal momupolof mandibular incisors in a Kenyan
population using decalcification and clearing teghe. The research findings will form a
national data for Kenyans and provide a useful @mwf information to dentists practicing
endodontics and other disciplines of dentistry.e Tindings will also form a basis for further

research in these fields.



1.1. LITERATURE REVIEW

1.1.1 General information
A root is the portion of the tooth which is covereith cementum while a canal is the portion of
the pulp cavity which is located in the root of teeth® 2 Root and canal morphology refers to

the macroscopic features by which the root andlazretooth can be described.

Generally, mandibular incisors have a single rout aanal®>. However, variations have been
encountered in research especially in the areaimfoer of canals, presence of accessory canals
and number of apical foramén* > Incidence of perio-endo lesions and dental sariethese
teeth is high and this necessitates endodontidntexe ®. Despite the fact that mandibular
incisors have a single root and canal, cases of pestment disease are on the rise.
Conventional endodontic therapy has been repoadthve post treatment disease in 3-60% of

the global populatiofy ®°

Many of the problems encountered in root canaltrimeat could be directly attributed to an

inadequate understanding of root and canal morglyathe tooth: & " 89

1.1.2 General anatomy of permanent mandibular central and lateral incisors

The permanent mandibular incisors are the smaibeth in the human dentition. In Africans,
the mandibular central incisor is usually the fipstmanent tooth to erupt in the mouth closely
followed by the mandibular first permanent molatween the age of 5 - 6 years in both girls and
boys. The mandibular lateral incisors erupt at aldou7 years. Root formation in both types of
teeth is completed 3-4 years after their eruptiénThe central incisor is smaller than the lateral
incisor and often bilaterally symmetrical. In ngvdrupted permanent incisors, three mamelons

are seen separated by two grooves on the crowthesé teetfy 2



1.1.3 Crown morphology of permanent mandibular central and lateral incisors

The crown is made up of macroscopic units includhmg lobes, marginal ridges, cingulum and
supernumerary coronal structure$. These features may differ from population to pafpon

and gender differences may also be present. Theeshaight and width of the crown may vary
in the population even in normal individuals. Péged lateral incisors have been reported and
are associated with congenital malformations amdesdisease entities in an expectant mother.
The malformations appear in the child. Ngassapat al. “reported that mandibular central and

lateral incisors have a convex buccal and lingudbse.

The permanent mandibular central incisor has &thigonvex buccal surface in the transverse
and longitudinal direction with the maximum conwgxat the cervical regioA. The buccal

surface flattens on the incisal half and forms tav¢hree lobes. The lingual surface is convex in
its cervical part and the convexity forms a lowgtitum® % Marginal ridges are present on the
mesial and distal lingual surfaces. The crown efrttandibular central incisor is 9mm in height
and it is symmetrical from the midline. Ash M. Meported that the mandibular central incisor is

smaller and symmetrical as compared to the maralitbateral incisor.

The crown of the mandibular lateral incisor is Istlg larger than that of central incisor in width
and height. The crown has a slight buccal conyerithe transverse and longitudinal direction
with the maximum convexity at the cervical regidine buccal surface flattens on the incisal
half to form two to three lobes. The lingual sudais convex in its cervical part and the
convexity forms a low cingulum. Marginal ridges gmesent on the mesial and distal lingual

surfaces. The crown of the lateral incisor is 9.5mreight" 2



The crown morphology of permanent mandibular insispnecessitates use of incisal access
opening as the most direct path to the long axta@foot candl 2> Studies done by Weine FS
Zillich R.M & Jerome J.K*, Maugeret al. ** and Clements R.E & Gilboe D.B concluded
that, ideal endodontic access for mandibular imsishould be inclusive of and labial to the

incisal edge.

1.1.4 Root morphology

1.1.4.1 Number and shape of rootsin permanent mandibular central and lateral incisors

The number and shape of roots are determined biyvidgs epithelial root sheath that bends in a
horizontal direction below the cemento-enamel jomcbefore fusing in the centre thus leaving

openings for development of the robts

1.1.4.1.1 Number and shape of rootsin permanent mandibular central incisors

The mandibular central incisor has a single comaat flattened mesio-distally and wider labio-
lingually. Variation in number of roots has notbereported in literature. However, the shape
may vary from conical to round in different popidass. Sexual dimorphism in the number and
shape of roots has not been repottédA study done in a South Eastern Romanian poumati
reported single conical roots on all the mandibakantral incisors using radiography and similar
findings were reported in a North East Indian pafigh using staining techniqué 2% 24
According to Roshan ¥, Boruahet al. **and Bardelliet al. 3 variations in number of roots in
these teeth are very rare.

1.1.4.1.2 Number and shape of rootsin permanent mandibular lateral incisors

The mandibular lateral incisor has a single comnioat flattened mesio-distally and wider labio-
lingually »* 2 The root is larger than that of the central incispmesio-distal and labio-lingual

direction® 2 Variation in number of roots has not been rembinditerature. However, the shape



may vary from conical to round in different popudass. Sexual dimorphism in the number and
shape of roots has not been repoftedd study done in a South Eastern Romanian papulat
reported single conical roots on all the mandibid&gral incisors using radiography and similar
findings were reported in a North East Indian pafiah using staining technigde?* 24

1.1.4.2 Grooveson therootsof permanent mandibular central and lateral incisors

The presence of grooves, concavities and otheasirfiberrations on the root surface was
thought to accentuate periodontal disease by aasrgjagnation areas for pladueThe roots of
mandibular incisors have longitudinal grooves othlibe mesial and distal surfaces, the distal
groove being deeper than the mesial. Very deepvgomay suggest division of the root into
two and therefore the possibility of a second c&héal ** Variations in presence and absence of
grooves exist in the general population. Howevexual predilection has not been reported
The presence of a deep groove dividing the roottnwb is invisible clinically. This necessitates
the use of proper radiographs as diagnostic*ait® Ngassapat al. 2 reported presence of

bilateral grooves in all mandibular central an@iat incisors in an East African population.

1.1.4.3 Position of root relative to crown in permanent mandibular central and lateral

incisors

Mandibular incisor roots can be centrally or laligrencated in relation to the long axis of the

crown™ %1332 perriniet al.*’reported that roots can be central or lateral g laxis of crown.

Similar findings were reported by Ezoddaial. 3.

1.1.4.4 Position and direction of root curvature in permanent mandibular central and
lateral incisors

Mandibular incisor roots are commonly reportedécstraight and in rare occasions curved in

the apical regioi #** Curvature can be in the mesial, distal, labidirgual direction™ > 3



Studies done by Sinziamfal. ‘%, Boruahet al. >* **and Pineda & Kuttler ¥*and in an East
Romanian, Indian and American populations respelstireported that root curvatures are very
rare in mandibular central and lateral incisordl tiAe teeth they studied had straight roots.
1.1.45 Root length in permanent mandibular central and lateral incisors

Mandibular incisors have the shortest roots inhinean dentitiorf. Root length ranges between
9mm-12.5mm in mandibular central incisors whilenmandibular lateral incisors root length
ranges between 10mm-14nfm Mean root lengths of 12.5mm and 14.0mm have begorted
for the permanent mandibular central and lateraisors respectively in an East African
population®. Hilary O. and Akpata E.S” reported mean root lengths of 12.5mm in central
incisors and 14.0mm in lateral incisors in a Nigeripopulation. Similarly, Mainat al. *°
reported mean root lengths of 12.5mm and 14.0mmmandibular central and lateral incisors
respectively in a Kenyan population. In case ofitmatic fracture or iatrogenic orthodontic

extrusion, crown lengthening may not be feasible tdushortness of roots in these teeth.

1.1.5 Canal morphology of permanent mandibular central and lateral incisors

1.15.1 Sizeand shapeof pulp canal in permanent mandibular central and lateral incisors
The pulp chamber of the permanent mandibular cdemasor is wider mesio-distally than
bucco-lingually” ** 3! It continues incisally in two or three indistirantd short pulp horrfs** !
The pulp canal is flattened mesio-distally corresfing to the shape of the rdot>** The pulp

chamber and pulp canal of the lateral incisorrsilar to that of the central incisér

Canal orifices can be oval, round or ribbon shapéd' 1" 19293237 A study by Uma Clet al.
%7in an Indian population reported that canals wetsd or oval, closer to the apex and tended

to elongate to a long oval or ribbon shape morerwalty. Similar findings have been reported in



an Italian and Romanian populatidft ?° Since most endodontic instruments are round,
preparation of these canals pose certain challenges
1.1.5.2 Number of canalsin permanent mandibular central and lateral incisors

f- 3L 32although

Permanent mandibular central and lateral incisemsl to have a single carfa
variations may exist among different racial grodp¥ *" '# #* 24 28 Cases of two and more
canals have been reported in literattre®® 3% 4% %! These variations and deviations from the
norm easily leads to missed canals during endocltre@tment and this could explain why there
is high incidence of unfavorable outcome in endadidameatment carried out in these tedtff”

43, 44,4595 vertucci F. 3 #reported presence of two canals in 30% of teettiatl in an

29
l.

American population. Boruadt al. **andPerriniet al. *’reported two canals in 36.25% and 36%

| 28 reported

of central incisors in an Indian and Italian popioia respectively while Caliskagt al
two canals in 14 % of lateral incisors in a Turkisbpulation. Uma Chet al. * reported

presence of two canals in 2% of central and lataeasors in an Indian population. In a similar
study done in an Iranian population, Ashofteh &adiaf’ reported presence of two canals in
3.5% of mandibular central and lateral incisorsx\gsn-vitro radiography, dyeing and sectioning

techniqgue. There is no data on number of canalthenAfrican population. Some of these

variations in number of canals are shown on taldleathd 1.2 below.



Table 1.1: Frequency of two canalsin permanent mandibular central incisors.

Year/s I nvestigator/s Population Method of Sample Size  Percentage
studied Study studied with Two
Canals

1974,1984  Vertucci F.37 % U.S.A Invitro section 300 30

2010 Sinzianaetaf Romanian Radiography 32 34.4

1992 Kartal & Turkish clearing 100 43
Yanikoglu®®

2010 Boruah L. C & Indian clearing 480 36.25
Bhuyan A. C#

2006 Al-qudah A. A & Jordanian  clearing 450 26.2

Awawdeh L. A

Table 1.2: Freguency of two canalsin permanent mandibular lateral incisors.

Year/s Investigator/s Population Method of Sample Per centage with
studied study size two canals
studied
1995  Caliskaret al Turkish clearing 100 14
1974  Benjamin and U.S.A radiography 364 40
Dowson?*
1991  Perringt al ** ltalian sectioning 144 1

1.1.5.3 Canal configurationsin permanent mandibular central and lateral incisors
It has been suggested that prior to commencemenaiodfcanal therapy, the dentist ought to be
J48

familiar with the various pathways that root canalay take to the ape¥. Vertucci F.

described the pulp canal system as a complex steudhat presented forms that were
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complicated. Several studies have now explicittpleisshed that a root with a tapering canal and
a single foramen was the exception rather tharrute!” % *° 0 The most commonly used
system for describing root canal configurationsraeenly based on the work of Vertu¢@iand
Weine ®*. However, other classificications exist as desilby Kartal and Yonikogld® and

Gulabivalaet al. 4 >°

Vertucci F. F° classified canal configurations into eight typssiascribed below (Appendix 4).
Type 1. A single canal from the pulp chamber to apex (1).

Typell: Two separate canals leaving the pulp chamber &gbaming short of the apex to form
one canal (2-1).

Typelll: One canal leaving the pulp chamber before dividing two in the root then merging
to exit as one canal (1-2).

TypelV: Two distinct canals that extended from the pulancher to the apex (2).

Type V: One canal leaving the pulp chamber and dividingtsbbthe apex into two separate
distinct canals with different apical foramina (L-2

TypeVI: Two separate canals leaving the pulp chamber,ingeng the body of the root, and re-
dividing short of the apex to exit as two distinahals (2-1-2).

Type VII: One canal leaving the pulp chamber, dividing dr&htrejoining in the body of the
root, and finally re-dividing into two distinct cals short of the apex (1-2-1-2).

Type VIl Three separate, distinct canals that extended frdpchamber to apex (3).

This classification is simple to use and can bel dseclassification of canals in all teeth.
Additional canal configurations have been identifend described by Weine F°Sas depicted

below (Figure 1.1).
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Figure 1.1: Canal classification by WeineF. S. !

Weine F.Sdescribed each of the canal types as below.
Typel: Single canal from pulp chamber to apex;
Typell: Two canals leaving the chamber and merging tmfarsingle canal short of the apex;

Typelll: Two separate and distinct canals from chambepéx;

TypelV: One canal leaving the chamber and dividing into $eparate and distinct canals.
Weine’s classification is commonly used in desagpocanals of mesial buccal root of maxillary
molars™.

Kartal & Yonikoglu ** described two canal additional configurations (uidition to those
described by Vertucéf.

Type A: Two separate canals extends from the pulp changberid-root, whereas the lingual
canal divides into two; all three canals join e tapical third of the root and exit as one canal.
Type B: one canal exits the pulp chamber, divides into itwthe middle third of the root, then
rejoins to form one canal, which again divides &nd as three separate canals with separate

foramina (Figure 1.2).
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TypeB

TypeA
Figurel.2: Canal configuration by Kartal & Yonikoglu

The additional canals types described by Kartal &¥oglu are very rare hence not commao

used for classification of canals.

Gulabivalaet al. ** *°described five additional canals in a Burmese patjnnit. These are shov

below (Figure 1.3).
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Figure 1.3: Supplemental canal configurations by Gulabivala et al.***°.

These canal configurations are rarely encount
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Canal configurations vary from one tooth to anoted from one population to anotH&r'® %

24. 28 ginzianaet al *® reported 65.6%, 6.3%, 25% and 3.1% of canal typds Il and VIl
respectively in mandibular central incisors in anRmian population using Vertucci’®
classifications. Another study done by Boruah &un?3 showed a 63.75% canal type |
configuration with straight, J and S shaped cumestias well as frequent apical ramifications,
lateral canals and reticular structures in mandibaentral and lateral incisors in a North East
Indian population using vertucci?§ classification. Uma Clet al.*” reported canal types |, II, Il
and VIl in 44%, 2%, 52% and 2% of mandibular cdntirad lateral incisors respectively in an
Indian population. A similar study done by Ashbfi® Jafari*’ in an Iranian population using
in-vitro radiography, staining and sectioning teicjue reported 88%, 3.5%, 0.5% and 8 % of
canal types I, Il, IV and V respectively in both migbular central and lateral incisors. Studies
done in a Turkish, Japanese and Chinese populatipRoshart®, Caliskanet al. *®and Walker

%0 showed that canal type | were the most preval&wdies done by other investigators such as
Al-qudah & Awawdeh® and Sert & Bayirli'’ showed similarities to the above findings and
reported that racial differences was a signifidanotor in canal variations.

These configurations may have an implication inoslwhtic treatment outcome. A properly
executed root canal treatment will lead to sucaesgpe I, 1, IV and VIII canal configuration
while the same treatment might lead to unfavorabéatment outcome in type Il canal
configuration. Apically dividing systems like typ& VI and VII are most difficult to prepare

and obturate and may have an influence on the meaf root canal treatment” - 17: 18 20,23,

30
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1154 Lateral canalsin permanent mandibular central and lateral incisors

Lateral canals are accessory canals located isdtenal or middle third of the rodt Lateral
canals extend horizontally from the main canallte éxternal surface of the robt Lateral
canals are formed by the entrapment of periodordasels in Hertwig's epithelial root sheath
during calcification®>. Lateral canals communicate with the periodoligalment space and this
increases risk of spread of periodontal diseasethe pulp canal. Lateral canals are a common
feature in mandibular incisor® #* Sinzianaet al. *® reported lateral canals in 12.5% of
mandibular central incisors in a Romanian poputatichile Boruah and Bhuyaf? observed
lateral canals in 13% of both mandibular central &teral incisors. In both studies, lateral
canals were frequently found in the middle of theat.

1.155 Apical deltasin permanent mandibular central and lateral incisors

Apical deltas are accessory canals found on theabffiird of the roof. Apical deltas are either
a normal variant or could be formed due to distndea of Hertwig’s root epithelium by external
factors such as orthodontic tooth moveméntpical deltas open into the periodontal ligament
space and peri-apical region of the rdontterms of age, most apical deltas occur betw&eA®@
years, and after this age, the number diminisheApical deltas have been reported to be of
great importance in endodontics because of thecdlifies involved in instrumenting them
during chemico-mechanical preparationSimilarly, pulp tissue and micro-organisms hiddten
the deltas could lead to post-treatment diséasé To minimise this, thorough irrigation with
sodium hypochlorite followed by the use of intraglamedicaments such as calcium hydroxide
should be utilised especially in infected canalthose with apical pathosis prior to root fillifig

*. Sinzianaet al. *® reported apical deltas in 9.3% of mandibular cént@isors in a Romanian

population.
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1.15.6 Intercanal anastomosisin permanent mandibular central and lateral incisors

An intercanal anastomosis commonly referred tost#smus, is a fin or corridor which may be
present between the two canals. Greeft Bescribed this corridor as a “ribbon shaped pagsage
of embryonic origin, formed through the epitheliabt sheathi>. An isthmus is formed when an
individual root projection is unable to close ifseff 2. Intercanal anastomosis can be found
anywhere along the canal length. Presence of atetteintercanal anastomosis is one of the
causes of unfavorable endodontic treatment outcdme

Yeung Yi Hsu classified intercanal anastomosis as shown befigute 1.4).

()

Type Il

Type |

Type Il

Type IV
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Type V
Figure 1.4: Classification of intercanal anastomosisby Yeung Yi Hsu >
The intercanal anastomoses are described below.
Typel: Two or Three canals with no notable communicatio
Typell: Two canals that possess a definite connectibmdasn the two main canals.
Typelll: Three canals that are present with a definiteneotion. Incomplete "C" shaped canals
with three canals are also included.
TypelV: Canals extending into the isthmus area.
TypeV: True connections or corridor present througlaosiection of the root canal.

Green D>*found this ribbon shaped passage in 22% of marafilmeintral and lateral incisors.

1.15.7 Position and number of apical foramina in permanent mandibular central and
lateral incisors

An apical foramen is the apical entry point of tieurovascular bundle into the canal and exit
point of canal contents into the peri-apical redicn® Variation in the position and number of
apical foramina is a common feature in mandibutaisors. This is mostly seen in teeth with
two canals. Boruah & Bhuyaft reported that 8.7% of teeth with two canals had sgparate
foramina while 91.3% of teeth with two canals hhd tanals merging into one canal before
exiting the tooth through one apical foramen. @pial foramen can be located at the tip of the
anatomical root apex or some distance away fronatiaomical apex. The position varies from
tooth to tooth. According to Walker R, the distance between the apical foramen and the

most apical end of the root ranges 0.2mm to 2.0riiime shape of the root and presence of root
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curvature may influence the position of the apfoehmen. In a recent study, Boruah & Bhuyan
23 reported that apical foramen was found to coinaidéh the apical root tip in 47.2% of
mandibular central and lateral incisors. Reseasci@ave demonstrated varying number of

apical foramen (one to three) in relation to numifesanals (Table 1.2 2% 2% 28. 39,40, 41, 47

Table 1.3: Number of apical foramen in relation to number of canals

Investigator Population Sample  Method of One One Two Two Three
studied size investigation canal canal canal canals canals
and one and two and one and two and
apical apical apical apical three
foramen foramina foramina foramina apical

foramina
Green DM U.S.A 200 In-vitro 80% - 7% 13% -
section
Wilson R. U.S.A 111 In-vitro 60% - 35% 5% -
and Henry radiographs
p.40
GreenDM U.S.A 500 In-vitro 79% - 17% 4% -
section
Madiera - 1330 In-vitro 88.5% - 11% 0.5% -
M.C and clearing and
Hetem S dyeing
Benjamin U.S. A 364 In-vitro 59% - 40% 1.0% -
and Dowson radiographs
21
Vertucci F. U.S. A 200 In-vitro 92.5% - 5% 2.5% -
J.x section
Caliskan®®  Turkish 100 clearing 82% 2% 14% - 2%

The size of apical foramen in permanent mandibual@sors has been reported to be 262.5um in

diameter*.
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1.1.6 Roleof geneticsin canal morphology of permanent mandibular central and lateral
incisors

The role of genetics in root morphology has beenatestrated by the fact that specific types

of canal morphology appear to occur in differemiabgroups. Patients of Asian descent have

different frequencies of canals and configuratish&n compared to those reported in studies

dominated by Caucasian and African populations 23 24 2% 26. 28,49, 50chromosomal

aberrations have been associated with unusual nesrahology especially canal lendth?®

1.1.7 Techniquesused to study root and canal mor phology

Plain radiography, sectioning, microscopy, photpgsa polyester casting resin, computer

tomograms, cone beam computer tomography and mtgachniques have been used to study

root and canal anatomy of teeth. Some of thedmigees are described below.

Plain radiography: This involves taking a peri-api@diograph to assess canal morphology. It is
the simplest metlddtudying root and canal anatomy but less inateuss
compared to othethods'® %

Sectioning: This involves surgical rasstof a given portion of the root such as the
apical third, corbttard or middle portion through the use of burs o
lasers

Microscopy: This involves use of loupes and an operating maaps Introduction of the
dental operating magcope has increased the reported prevalenceraf ex
canals identifiedfa floor of the pulp chamber. It is reported nbv@nce the
dentist’s ability selectively remove dentine with great precisicerdiy

minimizing proceduearors such as missed canals, under preparation o

canals and over prafion of canal"
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Computerized tomography: This involves productidBI0 images of objects using slices
obtained from scamyif.

Standard clearing technique: This involves use sthining material such as India ink followed
by decalcificatiohtbe specimen through the use of acids such &s nit
acid or hydrochloacid. Clearing is then done mostly with methyl

salicylate, whicmders the teeth transparéht

Cone Beam Computerized Tomograph: This is alsoxample of a 3D imaging system but
unlike the CT soanthat takes axial slices of the patient, it ceggt
multiple images figt to 20 seconds during a single partial rotatiouad
the patient’s he@lde main structural difference is that the x-ragrbas in
the shape of a cms¢éead of a fan. The x-ray source in CBCT is a low
energy fixed anodaikar to that used in panoramic machines whilé tifa
CT is a high outpoitating anode generatt CBCT been shown to be
advantageous to €3ns in a number of ways *® * The CBCT scanner,
such as the I-CAign#ficantly reduced radiation exposure by 80-90o.
addition, CBCT alsaluced scatter from existing restorations. Another
distinct advantageffers over CT is that it takes images of botthas at
the same time indtefione thereby reducing exposure to patientsCTB
also high resolutiorages resulting in excellent detail productiod &n

extremely fast, takiapproximately 9 to 40 seconds to produce 518 axi

images°® >

|.>>and since then many

Clearing and staining technique was first highleghby Robertsost al
researchers have used it. Caliskeal.?® used staining and clearing technique in studyirag ro
and canal morphology of mandibular incisors in talidn population. Staining and clearing
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technique has been shown to be an effective mathstlidying the canal morphology. Unlike
radiographic images, it provides a three dimengiormeav of the pulp cavity in relation to the
exterior of the teeth and allows a comprehensiarenation of the pulp chamber and root canal
system. The Dental Operating Microscope (DOM)nsegually effective method in studying
root and canal morphology. However, the microsagpexpensive and requires training on its
use and is therefore not readily available in oanyan hospitals dental set up. This necessitates
use of anatomical knowledge on root and canal naqgy and radiographical examination
during root canal treatment. The study of root aadal morphology using clearing technique
will therefore provide information relevant in exgon of root canal treatment among Kenyans.
1.2. RESEARCH PROBLEM

It is universally accepted that retention of a rattiooth with a good prognosis is a superior
choice to loss and replacement and therefore asterand endodontic treatments are some of
the modalities of restoring affected teeth to heatid function. Unfortunately, not all treatments
results in favorable outcome due to clinicians latknowledge on root and canal morphology
of mandibular incisors, inappropriate chemo-meatanpreparation and obturation of these
teeth. The high rate of unsuccessful outcomeslatas into relatively large numbers of patients

requiring retreatmerft >* 60- 61 62

Even though the complex fins, webs and communioatimay not contribute significantly to
endodontic treatment outcome, knowledge of numbeérramts and canals and their

é2 43 %2 |t is therefore

configurations contributes to overall endodontieatment outcom
important for the clinicians to have knowledge @btrand canal morphology before undertaking
endodontic therapy even in such circumstanceghdrabsence of diagnostic aids, this can only

be achieved through scientifically supported regeéindings such as this.
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1.3 JUSTIFICATION OF THE STUDY

In Kenya, cases of unfavorable root canal treatroettome in mandibular incisors are on the
rise. This can only be attributed to improper shgpicleaning and obturation of the canal
systems due to lack of knowledge of root canalesystin these teeth. There being no data on
root and canal morphology of permanent mandibularsors in the Kenyan population, there
was a gap in knowledge that required filling by wafyresearch. The aim of the study was
therefore to investigate the root and canal mowmupolof mandibular incisors in a Kenyan
population using decalcification and clearing tegbhe. The research findings will form a
national data for Kenyans and provide a useful @mwf information to dentists practicing
endodontics and other disciplines of dentistry.e Tindings will also form a basis for further

research in these fields.

14 STUDY OBJECTIVES
1.4.1 Broad objectives
To investigate root and canal morphology in perméangndibular central and lateral incisors in

a Kenyan population.

1.4.2 Specific objectives

1. To determine the root morphology in permanent mauldr central and lateral incisors.

2. To determine the average root and total tooth kemgpermanent mandibular central and

lateral incisors.
3. To determine the canal morphology in permanent nbattett central and lateral incisors.

4. To determine canal configurations in permanent niadar central and lateral

incisors.
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5. To determine the number and position of apical fona in permanent mandibular

central and lateral incisors.

15 NULL HYPOTHESIS
1. There is no variation in root morphology in therrpanent mandibular central and
lateral incisors.
2. There is no variation in canal morphology in therrpanent mandibular central and
lateral incisors.

16 STUDY VARIABLES

Classification Variable M easur ement
Independent Variable  Tooth type Permanent manalita@ntral or lateral incisor.
Dependent Variable Root morphology Number of roots

Presence of bilateral grooves

Root curvature
Root length in millimeters

Position of root curvature

Canal morphology = Number and shape of canals
Canal configurations
Number of lateral canals
Number of apical deltas
Number of apical foramina
Position of apical foramen in relation to apex

Number of intercanal anastomosis
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CHAPTER TWO

MATERIALSAND METHODS
2.1 STUDY DESIGN

This was a descriptive cross sectional study.
2.2 STUDY AREA
The study was conducted in public hospitals andadetinics which attend to high number of

dental patients within Nairobi County in Kenya atsdneighboring counties.

Nairobi is a cosmopolitan city with a population athout 4 million people. Majority of the
city residents are migrants from all parts of tleerdry. Non-probability purposeful sampling

method was used to select the hospitals with hughber of dental patients.

The hospitals included; the University of Nairobermdal Hospital, Kenyatta National Hospital
Dental Clinic, Kiambu District Hospital, Thika LelFive Hospital, Mbagathi District Hospital,
Social League Dispensary, Gatundu District Hospi{aliado District Hospital, Machakos Level
Five Hospital, Ngong District Hospital and Mathdistrict Hospital. Some hospitals are
described below.

Kenyatta National Hospital

Kenyatta National Hospital (KNH) is the nationafemreal hospital located in Nairobi County,
along Ngong road and handles referral patients fraln over the country and from
neighboring African countries for specialized treaht. The Dental Department is situated in
the old wing of the hospital. It has divisionsesatg for specialties’ in dentistry. It servess a
an internship training centre where newly qualiftexttors treat patients under the supervision of

specialists.
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University of Nairobi Dental Hospital

University of Nairobi School of Dental Sciencesitiated off Argwings Kodhek road opposite
Nairobi Hospital. The hospital trains both undadyrate students leading to a degree of
Bachelor of Dental Surgery and postgraduate stsdiestding to a Master of Dental Surgery
degree in disciplines of Oral and Maxillofacial ery (OMFS), Paediatric Dentistry,
Prosthodontics and Periodontology. The hospita referral centre for treatment of oral and

maxillofacial conditions such as fractures and osaaicers.

Mbagathi District Hospital

This is situated off Mbagathi road and adjacerfdoces Memorial Hospital. The hospital was
initially a referral centre for infectious diseadm# currently attends to all patients’, outpatient
and inpatient including those in need of dentakttreent. Due to proximity and relatively low

cost, the hospital attends to many patients fraam#sighboring Kibera slums.

Mathari District Hospital

This Hospital is located along Thika super highvwapposite Muthaiga police station. The
hospital is a referral hospital for patients witlemtal illnesses. However, the Hospital offers
inpatient and outpatient services for other medaral dental conditions. The hospital attends to
a huge number of patients due to relatively lowt afsservices and proximity to major slums
within the city.

Kajiado District Hospital

This Hospital is located along Nairobi-Namanga rabdut 80km from Nairobi. The hospital is
a referral hospital within Kajiado County. The pibal offers inpatient and outpatient services
for medical and dental problems. The Hospitalnatseto many patients from the neighboring

Maasai community and other communities who havermingled with the Maasai.
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Gatundu District Hospital

This Hospital is located along Juja-Githunguri roaffl Thika super highway approximately
50km from Nairobi. The Hospital offers inpatiemdaoutpatient services for medical and dental
conditions. The Hospital attends to patients fittw neighboring Kikuyu community and from
Nairobi due to its proximity and low cost of sersc

2.3 STUDY POPULATION

The study sample consisted of extracted permamamtdibular central and lateral incisors

obtained from Kenyans of African descent.

2.3.1 Inclusion Criteria
1. Only permanent mandibular central and lateral orsisvere included in the study.
2. Sound teeth with no caries, root filling, metaltestorations, fracture or incompletely
formed apices, attrition, erosion and abrasion.
3. Teeth from Kenyans of African descent.
4. Teeth from patients 10 years old and above.
5. Teeth from patients who consented to the study.
2.3.2 Exclusion Criteria
1. All other teeth other than permanent dgiaular central and lateral incisor.
2. Teeth from Kenyans not of African degdcen
3. Teeth with caries, root filling, metallrestorations, fracture or incompletely formed
apices, attrition, erosion and abrasion.
4. Teeth from patients under 10 years old.
5. Teeth from patients who did not congerthe study and children who did not assent.
24  SAMPLE SIZE DETERMINATION
Betty R. Kirkwood (1992) method was used to detamthe sample siZé
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n=Z2.u

Where ,
n= desired sample size,
u=Estimated proportion of an attribute ia target population. In this study, different

aspects of teeth morphology will be studiédprevious study in the population reported
12.5 millimeters mean root length in pernrmaandibular central incisor. This will be
used as a reasonable estimate for one ahd@i@cteristics under stufly

e= maximum size of standard error in thesueament set at 0.5mm.
z= standard deviation set at 1.96 (95% clemite level).
n=1.96 x 1.96 x 12.5/ 0.5 x 0.5 = 192heefhe minimum sample was calculated to be 192
for both central and lateral incisors. Howevei 28eth were involved in the study.
25 SAMPLING
Convenient sampling was done. Teeth were obtdimed patients who visited the hospital for
dental treatment and had an extraction of a permtaramtral or lateral mandibular incisor.
2.6 DATA COLLECTION INSTRUMENTSAND TECHNIQUE
2.6.1 Collection of Teeth
The patients went through the hospital diagnosticcgss and extraction of a permanent
mandibular central or lateral incisor was done wheadicated. Prior to extraction, consent to
collect the teeth after extraction was obtainednftbe patient, while consent from guardian and
assent from children was obtained for those belBwedars. The extracted teeth were washed in
tap water immediately after extraction then immeérse 3.85% m/v sodium hypochlorite
solution (Reckitt Benckiser E.A. Nairobi, Kenya) fa minimum of thirty minutes to remove

adherent soft tissue and for disinfection.
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Two labeledcontainers were supplied at each collection polieeh were collectecby the
principal investigator and trained assisteinto containerdabeled as either mandibular cen
incisor or mandibular lateral incis Verification of the teeth for specifty was done at th
collection centredy the principal investigator and trained assis. Subsequently the tee
were washed in plain water and calculus and orgdebris were removed using an ultrasc
scaler (Parkell, inc, Edgeod, USA) shwn below (Figure 21 Subsequent storage was don

10% formalin (ARTMS3 Bonart, Taiwar.

Figure 2.1: Ultrasonic scaler

2.6.2 Teeth Examination

A data collection form was used to recoobservations and measuremerof each
specimen. Dataollected include number of roots, crown length and root morphologsowh

length was measured from incisal edge to ceo-enamel junction.The presence or absence
bilateral grooves on the roots was i recorded in the data collection form.

2.6.3 Root Length and root curvature

Only teeth with complete root apices and coronf@resmce points unaffected by attrition, eros
caries or fracture were studiedihe root length was measured from the ce o-enamel junction
to the apex using calibrated electronirnier caliper(Shengya Machine & tools Co., Ltd.) to

nearest 0.01lmm (Figure 2.2Lurvec roots were measured in two sections; the sectmm the
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cementoenamel junction to point of curvature was addeddation from point of curvature

the anatomical apex.

Figure 2.2: Electronic vernier caliper
The teeth were orientated in their anatomical pmsst on a calibrated graph paper (Kar
Graph Book, Nairobi Kenya) and root curvature daieed with reference to the long axis
root from cement@namel juncon. Visual examinationfdhe root against the griwas done to
determinewhether the root is straight, curved towards mesiigtal, labie or lingual direction:
(Figure 2.3). The direction of root curvature was determined ly position of the root ap¢
from long axis of root. Position of root curvature was also determined itkeerecoronal 1/3

middle 1/3 or apical third of the roc

Figure 2.3: Root curvatureon a graph paper. Thetooth isrotated 90 degreesto theright.
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2.6.4  Canal Morphology
2.6.4.1 Number of canals, canal configuration, number of lateral canals, number of apical
deltas, position of apical foramen and number of apical foramen
A standard clearing technique was applied to deternthe number of canals, canal
configurations, position of apical foramen and nemaf apical foramen.
Access cavities were prepared on the extracted tesing a high speed hand piece and
diamond fissure burs and the coronal pulp tissugpated until the canal orifices. The teeth
were immersed in 5.25% sodium hypochlorite soluti@mlorex-5, Syner —chemie, Nairobi,
Kenya) for 24 hours to dissolve organic debri tieashed in running water for 2 hours. This
was followed by drying for 12 hours. An endodorgiringe with a gauge 27 needle (BU
Kwang Medical Inc., Seoul, Korea) was used to ijieclian ink (Sanford rotring Gmbh,
Hamburg, Germany) into the root canal system. D¢ apex was then connected to a central
suction system, until the ink exited through thecalpforamen, and left to dry for 12 hours. The
teeth were immersed in 10% nitric acid (Ridel Tha@ermany) for 5 days for decalcification.
The acid was agitated daily and the process wadtaned every 24 hours by radiography to
avoid over decalcification.
Decalcified teeth were then washed in running tapewfor 4 hours, dried and dehydrated in
ascending concentrations (70%, 95%, 100%) of aleghol (Scharlab S.L. Sentmenat, Spain)
for 3 days to ensure firmness. They were thenamdtransparent by immersing in methyl

salicylate (Rankem RFCL Limited Okhla-India) fox $iours (Figure 2.4).
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Figure 2.4: Diagram of a transparent central incisor root rotated 90 degreesto theright
The decalcified teeth were observed with a magmifyens (magnification power of x 3) for t
following; number of canals;anal configuratior, number of lateral canals, number of ap
deltas, positbn and number of apical foran. Classificationof root canals was done usi
Vertucci's 1984° classification

2.7 DATA ANALYSISAND PRESENTATION

The collected data was storedded and analyzed using Statistical PackagesduaSScience:
(SPSS Version 16, lllinoi€hicago) for windows and Microsoft excel Analysis done include
frequencies, means, cbgiuare tests an-tests. The information obtained was organized
presented as descriptive statistics in 1 of frequency tables and pie char®elationships foun

were testedising appropriate inferential statistics and a0.05 was considered significe

28 DATA RELIABILITY AND VALIDITY

To ensure that data is representative of the geperaulation, the teeth were collected fri
public dental clings in Nairobi and its environsTo control for external and internal influenc
the investigator participated in teeth lection and trained assistantsVerification of teett
collected was done prior to analys To ensure internal morphology was fi studied, a

standard clearing technique was strictly followed anonitored
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The principal investigator was calibrated by thadlesupervisor for inter-examiner variability.
The lead supervisor checked and verified measurererd data obtained on root and canal
morphology of 10% of the specimens collected. Csh&appa score of 0.9 was obtained. The
investigator re-examined every”lfboth to evaluate intra-examiner variability. @als Kappa
score of 0.8 was obtained for mean root length.is Bhowed good consistency and minimal
variability and according to WHO classification i§éppa score, this was good to near perfect
agreement. The principal investigator did all tmeasurements on teeth to reduce intra-
examiner variations.

2.9 CONTROL OF ERRORSAND BIASES

Teeth which met the inclusion criteria were theyoahes included in the study. All data
collection tools were pretested and all instrumevdee calibrated.

210 ETHICAL CONSIDERATIONS

Before commencing the study, approval was obtaiinech Kenyatta National Hospital and
University of Nairobi Standards, Ethics and Redeaammittee.

The permission to collect teeth from the dentahici was sought and obtained from the
administrators in the selected hospitals. All exted teeth were accompanied by a consent form
duly signed by the patient or guardian allowingtise of their teeth for study.

Patients were not required to reveal their iderdityl even when this was known, it was kept
confidential.

Every tooth that met the inclusion criteria hadegnal chance of being included in the study and
study findings will be used for the benefit of #tire population.

211 STUDY LIMITATIONS

Application of non-probability sampling method miagve eliminated some clinics where teeth

with varied morphology may have been collected.
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Research assistants were required during colleanonverification of teeth. Observer bias might

have occurred leading to wrong identification aher a mandibular central or lateral incisor.

212 ENVIRONMENTAL CONSIDERATIONS

All teeth used in the study were incinerated astperestablished guidelines at the School of

Dental Sciences, University of Nairobi.
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CHAPTER THREE
31 RESULTS

3.2 General observations
Two hundred and eight permanent mandibular incie@® included in the study. Out of these,
84 (40.4%) and 124 (59.6%) were central and latexahdibular incisors respectively (Figure

3.1). All the extracted teeth studied had one.root

Number analyzed

M Central incisor

M Lateral incisor

- J

Figure 3.1: Distribution (n) of analyzed per manent mandibular incisors.

3.3 Presenceof bilateral groovesin permanent mandibular central and lateral incisors

Table 3.1 shows the distribution of unilateral dnldteral grooves in mandibular central and
lateral incisors. In both central and lateral soes, bilateral grooves were seen in 130 (62.5%).
Though mandibular central incisors had a highecgraiage of bilateral grooves than mandibular

lateral incisors, the difference was not statidfijcsignificant ¢>= 1.04, df = 1, P = 0.307).
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Table 3.1: Distribution of bilateral grooves in permanent mandibular central and lateral

incisors
Tooth Distribution of grooves v df P
Unilateral grooves Bilateral
grooves
Mandibular central incisors 28 (33.33%) 56 (66.67%) 1.04 1 0.307
(n=84)
Mandibular lateral incisors 50 (40.32%) 74 (59.68%)
(n=124)
Total 78 (37.5%) 130 (62.5%)

3.4 The position of the roots relative to the crown in mandibular central and lateral
incisors

Table 3.2 shows that majority, 73.81% of mandibwantral incisors and 72.58% of lateral

incisorshad their roots laterally positioned refatio the long axis of the crown.

Mandibular central incisors had an insignificangher percentage of laterally positioned roots

than mandibular lateral incisorsxz(: 0.384, df =1, P = 0.845).

Table 3.2: Distribution of the position of the rootsrelative to the crown

Tooth Position of root in relativetothe  ° df P
crown
Central Lateral

Mandibular central incisors 22 (26.19%) 62 (73.81%) 0.384 1 0.845

(n=84)

Mandibular lateral incisors 34 (27.42%) 90 (72.58%)

(n=124)

Total 56 (26.92%) 152 (73.08%)
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3.5 Root curvaturein permanent mandibular central and lateral incisors

Majority, 68.27% of the teeth had curved roots@®gared to 31.73% that had straight roots.
Mandibular lateral incisors had an insignificargher percentage of curved roots as compared
to mandibular central incisorg’c 0.167, df = 1, P = 0.683) (Table 3.3).

Table 3.3: Distribution of straight versus curved roots in permanent mandibular central

and lateral incisors.

Tooth Root curvature ¥ df P

Straight Curved

Mandibular central incisors 28 (33.33%) 56 (66.67%) 0.167 1 0.683
(n=84)

Mandibular lateral incisors 38 (30.65%) 86 (69.35%)

(n=124)

Total 66 (31.73%) 142 (68.27%)

3.6 Position and direction of root curvaturein permanent mandibular central and lateral
incisors
The position of root curvature was apical 1/3 ihthé curved mandibular central and lateral
incisors. Most teeth, 69.01% were curved distdlB.,72% of the teeth were curved mesially and
11.27% were labially curved as shown in table 3ldngual curvatures were not observed.
Mandibular central incisors had an insignificantigher percentage of mesially curved roots
than mandibular lateral incisors while mandibulatetal incisors had an insignificant higher
percentage of distally and labially curved rootntimandibular central incisorg € 0.18, df =1,

P =0.914).

36



Table 3.4: Direction of root curvaturein permanent mandibular central and lateral

incisors

Tooth Direction of root curvature x df P

Mesial Distal L abial

Mandibular central 12 (21.43%) 38 (67.86%) 6 (10.71%) 0.12 0.914
incisors (n=56)

Mandibular lateral 16 (18.6%) 60 (69.77%) 10

incisors (n=86) (11.63%)

Total 28 (19.72%) 98 (69.01%) 16
(11.27%)

3.7 Crown length, root length and total tooth length in permanent mandibular central

and lateral incisors

The length of crown ranged between 7mm and 10mrh witmean of 8.45 + 0.244mm in
mandibular central incisors and 8.9 + 0.188mm imdnaular lateral incisors.

The root length in mandibular central incisors ethdpetween 10mm and 15mm with a mean
root length of 12.38 = 0.244mm while the root léngh mandibular lateral incisors ranged
between 10mm and 16mm with a mean of 13.55 + 0.4mm.

The total tooth length ranged between 18mm and 24mitin a mean of 20.83 £ 1.67mm in
mandibular central incisors while that of mandilbu&eral incisor ranged between 17.5mm and
25.5mm with a mean of 22.45 + 2.03mm.

The mandibular lateral incisors were significardigger than mandibular central incisors

(t=6.06, P=0.000) (Table 3.5).
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Table 3.5: Comparison of mean tooth lengthsin mandibular central and lateral incisors

Tooth Mean tooth length t P
Mandibular central incisors (n=84) 20.83 £1.67mm 6.06 0.000
Mandibular lateral incisors (n=124) 22.45 +2.03mm

3.8 Number of canalsin permanent mandibular central and lateral incisors

Table 3.6 shows that majority of mandibular cen88l95% and lateral 82.26% incisors had one
canal at the pulp chamber floor. Two canals wérgeoved in 16 (19.05%) and 12 (17.74%) of
central and lateral incisors respectively. Mantiblateral incisors had an insignificant higher
percentage of one canal as compared to mandibatarat incisors ¢ = 0.572, df = 1, P =
0.811).

All the incisors had one canal at the anatomical apex.

Table 3.6: Distribution of one and two canals in permanent mandibular central and lateral

incisors
Tooth Number of canals at the pulp y°  df P
chamber floor
Onecanal Two canals
Mandibular central incisor (n=84) 68 (80.95%) 16.(6%) 0.572 1 0.811
Mandibular lateral incisor (n=124) 102 (82.26%) (22.74%)
Total 170 (81.73%) 38 (18.27%)
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3.9 Canal configurationsin permanent mandibular central and lateral incisors

Table 3.7 shows the distribution of canal configoress in mandibular central and lateral
incisors.  According to Vertucci classification, .Z3% of central incisors had type |
classification, 19.05% had type Il configurationrda®33% had type Ill configuration. Of the
mandibular lateral incisors, 68.55% had Vertucpety canal configuration, 17.74% had type Il
configuration and 13.71% had type Il configuratiodandibular central incisors had an
insignificant higher percentage of Vertucci typentd Il canals as compared to mandibular lateral
incisors while mandibular lateral incisors had msignificant higher percentage of Vertucci type
Il canal as compared to mandibular central incigdr 1.36, df = 2, P = 0.507). A canal type
undescribed by neither Vertucci E%hor Weineet al **was observed in one (1.2%) mandibular
central incisor. This undescribed canal begannasfimm the pulp chamber, divided into two at
the coronal 1/3 of the root, one of the two camiasded into two making a total of three canals
at the middle 1/3 of the root and then all joinegether to exit as one canal.

Table 3.7: Distribution of Canal configurations in permanent mandibular central and

lateral incisors

Tooth Canal typel - 111 ¥ df P
[ [11
Mandibular 60 (71.43%) 16 (19.05%) 7 (8.33%) 1.36 2 0.507
central
incisor
(n=84)

Mandibular 85 (68.55%) 22 (17.74%) 17 (13.71%)
lateral incisor

(n=124)

Total 145 (69.71%) 38 (18.27%) 24 (11.54%)

Canal types IV-VIII were not observed and therefooeincluded in the table above.
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3.10 Number of lateral canalsin permanent mandibular central and lateral incisors

Only 28 (13.46%) teeth out of the total 208 mantiibeentral and lateral incisors had lateral
canals. There was no significant difference in tloeurrence of lateral canals between the
mandibular central and lateral incisogé € 0.293, df = 1, P=0.588). The lateral canalsewer

observed in the middle third of the root.

Table 3.8: Frequency of lateral canalsin mandibular central and lateral incisors.

Tooth Lateral canals ¥ df P
Present Absent

Mandibular central incisor (n=84) 10 (11.9%) 74.(88) 0.293 1 0.588

Mandibular lateral incisor (n=124) 18 (14.52%) 186.48%)

Total 28 (13.46%) 180 (86.54%)

3.11 Number of apical deltas and intercanal anastomoses in permanent mandibular
central and lateral incisors

Apical deltas were not a frequent occurrence in ditadar incisors (Table 3.9). Of the

mandibular central and lateral incisors, only 22.%§8%) had apical deltas. There was no

significant difference in the presence of apicdtadebetween the mandibular central and lateral

incisors §*=0.263, df = 1, P=0.608). Intercanal anastomos&® wot observed in either of the

teeth.
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Table 3.9: Frequency of apical deltasin permanent mandibular central and lateral incisors

Tooth Apical deltas r° df P
Present Absent

Mandibular central incisors 10 (11.9%) 74 (88.1%) 0.263 1 0.608

(n=84)

Mandibular lateral incisors 12 (9.68%) 112 (90.32%)

(n=124)

Total 22 (10.58%) 186 (89.42%)

3.12 Number of apical foraminain central and lateral incisors

Of the 208 mandibular central and lateral incisd&6 (89.42%) had a single apical foramina
while 22 (10.58%) had three apical foramen as degim table 3.10. There was no significant
difference in the occurrence of a single or thneiea foramen between mandibular central and

lateral incisorsy®= 0.263, df = 1, P = 0.608).

Table 3.10: Number of apical foraminain permanent mandibular central and lateral

incisors
Tooth One apical Three apical v df P
foramina foramina
Mandibular central incisor 74 (88.1%) 10 (11.9%) 0.263 1 0.608
(n=84)
Mandibular lateral incisor 112 (90.32%) 12 (9.68%)
(n=124)
Total 186 (89.42%) 22 (10.58%)
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3.13 Position of apical foramina relative to anatomical apex in permanent mandibular
central and lateral incisors

Majority of teeth, 146 (70.19%) had apical forameositioned at the anatomical apex, 41

(19.71%) had apical foramen positioned 0.25mm-0.5fmom the anatomical and 21 (10.1%)

had apical foramen positioned 0.5mm- 1mm from thet@mical apex. There was no significant

difference in the positioning of the apical forameetween mandibular central and lateral

incisors §*=0.283, df = 2, P=0.868) (Table 3.11).

Table 3.11: Position of apical foramina relative to anatomical apex

Tooth Position of apical foramen ¥ df P

in relation to anatomical apex

At the .25mm- 0.5mm-1mm

anatomical  0.5mm from from apex

apex apex

Mandibular central 58 (69.05%) 18 (21.43%) 8 (9.52%) 0.2832  0.868
incisors (n=84)

Mandibular lateral 88 (70.97%) 23 (18.55%) 13 (10.48%)

incisors (n=124)

Total 146(70.19%) 41 (19.71%) 21 (10.1%)
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CHAPTER FOUR

4.0 DISCUSSION
Root canal treatment is part of patient managenreittoth public and private dental clinics

around Kenya. The facilities in the different ais vary in terms of availability and adequacy
especially the equipment required for establishm&ntoot and canal morphology. In the

absence of modern diagnostic equipments, knowledgie root and canal morphology of the
teeth is important. This study sought to estahiiehroot and canal morphology of permanent
mandibular central and lateral incisors to obtaatadthat can be relied upon by clinicians

undertaking endodontic treatment in these teeth.

Number of roots and presence of bilateral grooves in permanent mandibular central and
lateral incisors

All mandibular incisors had one root. No bifid reatere observed. These findings were similar
to a previous study done in an East African pofrat Ngassapat al. 2 reported single conical
roots flattened mesio-distally with longitudinalogives on both the mesial and distal surfaces
with the distal groove being deeper than the meskdwever in this study, bilateral grooves
were only found in 66.7% of central incisors and79® of lateral incisors respectively. The
difference between the current study and the pusvistudy can be attributed to method of
observation of bilateral grooves. Direct observativas used to determine the presence of
grooves in the previous study unlike the combing@ectl and indirect observation (use of

magnification lens and loupes) used in this study.
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Position of root in relation to long axis of the crown in permanent mandibular central and
lateral incisors

The position of the root may signify straight oneed canals. Majority of the central and lateral
incisor roots were laterally positioned in relatitomthe long axis of the crown. However a
previous study by Bardelét al. **in an Italian population reported a ratio of 1:1tlie position

of the roots relative to the crown. The differebetween the current study and study by Bardelli
et al. * can be attributed to racial variation method ofesbation of position of the roots (use of
loupes and magnification lens). In the currendgiwirect (visual) and indirect observation
methods were used to determine the positioninghef rbot in a Kenyan population while

Bardelliet al. *! used direct observation (visual) only in an ltal@opulation.

Position and direction of root curvature in permanent mandibular central and lateral
incisors

Endodontic treatment in curved roots has been &gsdcwith iatrogenic errors such as loss of
working length, apical transportation, creatiorlezfges, perforations and instrument separation.
Knowledge of the degree of curvature enables theciEn to pre-curve the endodontic files.
Two dimensional radiographs must therefore be pméted with caution since a straight root in a
mesio-distal dimension may be curved in a labigdia direction.

Majority of the mandibular incisor roots were cultveThe curvatures were in the apical 1/3 of
the root. The direction of curvature was mesiatalior labial. Previous studies by Sinziaba
al. '8 Boruahet al. ** and Pineda & Kuttle*reported that root curvatures are very rare inehes
teeth.

The difference in frequency of curvature betweeis $tudy and previous studies may be

attributed to racial variation and technique empbbyn studying the root curvature. Pineda &
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Kuttler ** used a radiographic method which differs from fiapmethod used in this study.

18
l.

Sinzianaet al.'® obtained thesample from a Romanian population while Borwshal.?® 2*

obtained the sample from an Indian population aspared to Kenyan population in this study.

Crown, root and total tooth length in permanent mandibular central and lateral incisors

The knowledge of average lengths of mandibular peent incisors is of great interest and
practical value in endodontic treatment. Thesdifigs may be useful in determining working

lengths accurately with hand files or while usinmexa locators particularly in cases of Vertucci

canal types V, VI and VII. The knowledge of roanal curvature and root length may be useful
in determination of post length and whether a falbte post length: crown height ratio can be

achieved during restoration of endodontically teeateth.

The mean mandibular central and lateral incisowarlength, root length and total tooth length
in this study were lower than those reported byipres studies by Ngassapeal.? and Mainaet

al. *®in an East African population and Kenyan populatiespectively. Hilanet al. * reported
mean tooth lengths of 21.5mm and 23.5 mm in ceatrdllateral incisors respectively which are
higher than the 20.83mm and 22.45mm in the custrmly. The difference may be explained by
the variation in instruments used for measureme&usrent study measured tooth lengths in two
parts; from the incisal edge to cemento-enameltionadded to measurement from cemento-
enamel junction to tip of the root using a calibchdigital vernier caliper while the previous
studies measured tooth lengths directly from inceslge to root tip using a manual vernier
caliper. Measurement of length in two parts is enaccurate because curvatures are taken into

account by either of the partial measurements.
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Number of canalsin permanent mandibular central and lateral incisors

Identification of a second canal on the lingualemspof the usual canal in central and lateral
incisors is of significance since unfavorable eraidit treatment outcomes have been attributed
to missed canals. Knowledge of canal shape mayihaglection of endodontic files.

Most of mandibular central and lateral incisors loa@ canal at the floor of the pulp chamber
and at the apical exit. All canals on visual exaation were conical with the widest portion
being on the coronal aspect and thinning out intapar towards the apex. These results are in
agreement with previous studies by Sinzianhal **, Benjamin & Dowsorf*, Caliskanet al. ?®

and Parriniet al.?°. Sinzianaet al. *® reported 34.4% frequency of two canals at therffqulp
chamber in central incisors in a Romanian popufatiolhis frequency was higher than that

observed in this study. On the other hand, BenjagnDowson®* and Perriniet al.°

reported
4% and 1% frequency respectively of two canaldatfloor of pulp chamber in lateral incisor.
This was less than the frequency observed in thdys

The difference in number of canals at the floothsd pulp chamber between the current study
and previous studies may be attributed to variatiotechnique of studying canals and racial
differences. Sinziana et & and Benjamin & Dowsof' used radiography in Romanian and
U.S.A population respectively while Perrietial. > used sectioning in an Italian population as

opposed to staining and clearing technique amongy&es of African descent in the current

study.

Canal configuration in permanent mandibular central and lateral incisors

Knowledge of canal configurations is very importamtendodontic treatment of mandibular

incisors. Complexity of canals in these teeth ilegdo difficulties in cleaning, shaping and
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adequately filling the canals has been identifisdae of the causes of unfavorable endodontic
treatment outcomes.

Vertucci type | canal was the most prevalent in difamar central and lateral incisors. Sinziana
et al. *®reported 65.6% frequency of type | canal in ceritrelsors in a Romanian population
while Boruah & Bhuyarf® reported a 63.75% frequency of type | canal incattNEast Indian
population. The difference in distribution of chhges between the current study and previous
studies may be attributed to racial variation amchhique of studying canal morphology or a
combination of these factors. Sinziagtaal. '® used radiography in a Romanian population as
opposed to staining and clearing technique usebdrcurrent study. Boruah & Bhuyatused

clearing technique like in the current study buamindian population.

Lateral canals, apical deltas and intercanal anastomosis in permanent mandibular central

and lateral incisors

Lateral canals and apical deltas are a commonriatumandibular incisors 7 1> 23 24 28. 29
Uncleaned and unobturated apical deltas and lataradls are a possible cause of unfavorable
endodontic treatment outcome. There can also eess of infected material from the
periodontal ligament space through lateral carmathé main canal causing unfavorable outcome
in root canal therapy. In the current study, kateanals and apical deltas were observed in a few
mandibular central and lateral incisors. Sinziahal. '® reported apical deltas in 9.3% and
lateral canals in 12.5% of central incisors. Bbriga Bhuyan? reported 13% frequency of
lateral canals in central and lateral incisors gstfearing technique in a North East Indian
population. In all the studies including the cuatrene, lateral canals were found in the middle
of the canals and apical deltas in the apical I/the root. The difference in occurrence of

lateral canals and apical deltas between the dustady and previous studies may be attributed
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to racial variation or technique of study or a cimakion of these factors. Sinziasial. '® used
radiography technique in a Romanian population evBibruah & Bhuyarf® and Borualet al. %*
used clearing technique like in the current study ib an Indian population as opposed to
clearing technique in a Kenyan population in therent study.

Number and position of apical foramen in permanent mandibular central and lateral
incisors

Variation in position and number of apical foramemostly seen in teeth with two canals at the
floor of the pulp chambé?. In the current study, 88.1% of the central iossand 90.32% of
the lateral incisors were found to have one apicamina and apical foramina was found to
coincide with the root tip in 69.05% of centralismrs and 70.97% of lateral incisors. Boruah &
Bhuyan® reported that 8.7% of teeth with two canals haol $&parate foramina while 91.3% of
teeth with two canals had the canals merging ime before exiting through apical foramen.
Apical foramen was found to coincide with the amgitmal apex in 47.25% of teeth. The
difference in number and position of apical foranbetween the current and previous study may

be attributed to racial differences.
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4.1 CONCLUSIONS

All the mandibular central and lateral incisors lwak root. Those with bilateral grooves were
more than those with unilateral grooves. The diifiee in presence of grooves between central
and lateral incisors was not statistically sigrafic

Majority of the central and lateral incisors hadvad roots. Majority of the curvatures were in
the distal direction, followed by mesial curvatuessl the least were labial curvatures. Lingual
curvatures were not observed. Difference in preseand positioning of curvatures between
central and lateral incisors was not statisticsigynificant.

The mean crown length was 8.45mm and 8.9mm in @lesutd lateral incisors respectively. The
mean root length was 12.38mm and 13.55mm in ceatrdllateral incisors respectively. The
lateral incisor was therefore longer than the @ mticisor.

Most of the central and lateral incisors had ongatat the floor of the pulp chamber and at the
exit from the root. All the canals were conicalshape with the widest portion being on the
coronal 1/3 of the root and thinning out into agiafwards the apex.

Vertucci type | canal was the most prevalent intedith, followed by Vertucci type Il and the
least prevalent was Vertucci type lll. The diffece observed in distribution of canal
configuration between central and lateral inciswas not statistically significant.

Lateral canals and apical deltas were infrequefdlynd in mandibular incisors. Intercanal
anastomosis was not observed in any tooth.

Most teeth had one apical foramen, only a few haektapical foramina.

Apical foramina coincided with the root tip in majg, 83.3% and 80.6% of central and lateral

incisors respectively.
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42 RECOMMENDATIONS

The mandibular incisor roots are frequently curirethe apical 1/3. The severity of root curvature

is important in choosing instruments for chemo-na@ital preparation of the canals. Use of
flexible files or pre-curving is advised. Furth@search is needed to measure and determine the
degree of root curvatures for purposes of endodotmmgatment planning and assessment of

instrumentation costs.

In view of the complex anatomical pattern seenhis study, emphasis should be put towards
searching for a second canal lingual to the usutngles canal in mandibular incisors. Use of
microscopes should be recommended for search etand canal which is lingually placed.
Also, the use of advanced three dimensional diggntschniques may provide accurate and
non-invasive method for identification of essentaktomical features such as root curvatures,
extra roots and unusual canal morphology which um twill enhance clinical treatment

outcomes in endodontic therapy and subsequentpmsns.
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APPENDIX 1: DATA COLLECTION FORM

1. Tooth type
% Central incisor
% Lateral incisor
2. Number of roots
3. Root description
% Central

«» Lateral

% Other
4. Root status
% Single
% Bifid
5. Root length in millimetres

% Crown length and total tooth length in millimetres
6. Root curvature
% Root curved
% Root not curved
7. Curved root-Direction of curvature
- Position of cunved: Coronal 1/3, Middle 1/3 or Apical 1/3.
8. Internal morphology
l. Number of canals
Il. Canal configuration
[ll. Number of lateral canals
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IV. Apical deltas
% Present
% Absent
V. Number of apical deltas if present
VI. Intercanal anastomosis
% Present
% Absent
VII. Number of intercanal anastomosis
9. Position of apical foramen in relation to apex.

10.  Number of apical foramina
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APPENDIX 2: CONSENT FORM

This is to certify that | -------------------m-cc— - , hereby agree to participate in this edigel

and research study on root and canal morphologyeahanent mandibular central and lateral
incisors by allowing the use of my extracted tooth.

This will be carried out by Dr. Gaichu Joyce Kathua postgraduate student pursuing a master’s
degree in prosthodontics at the University of NairfSchool of Dental Sciences P.O BOX 15-
00202 Nairobi. The consent to carry out this stiidg been given by the UoN and KNH
Standards, Ethics and Research Committee.

Per ceived benefits

| understand that my tooth will not be used for ather purposes other than this study.

| understand that this study will benefit me andheot patients who will seek endodontic

treatment following publication of the researchutes

| understand that the results obtained will pro\bdseline information for teaching purposes and
for use by dentists during endodontic and fixedstirodontic treatment.

| understand that the results obtained will be bera¢ in future research carried out in these
teeth.

Risks

There are no anticipated risks for participatingha study.

Costs and payments

| understand this study is strictly voluntary armdmonetary compensation will be given.

Confidentiality

| understand that all personal information is required in the study and whatever is learned

will be kept strictly confidential.
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Withdrawal privilege

| understand that | may refuse the use of my tdotithe study and if | do this, | will not be
reprimanded or denied health care at the UoN Détdapital, KNH, Mbagathi District Hospital,
Mathari District Hospital or any other public onyate hospital.

Voluntary consent

| certify that | have read all this consent formitonas been read to me and that | understand it.
Any questions pertaining the research have beeweaaad to my satisfaction. My signature

below means | freely agree to participate in thislg.

Signature of participant ----------------------- Pate ------------------- :

| nvestigator statement

| certify that | have explained to the above nanmelividual the nature and purpose of this study;
potential benefits and | have answered all questtbat have been raised. | have explained the

above to the participant on the date on this cdrfeem.

Investigators signature S P 7 — _
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APPENDIX 3: APPROVAL LETTER

UNIVERSITY OF NAIROBI \ jcs & TF

oL e NYATTA NATIONAL HOSPITAL
COLLEGE OF HEALTH SCIENCES BTE i P O BOX 20723 Code 00202
P O BOX 19676 Code 00202 KNH/AON-ERC Tel: 726300-9
Telegrams: varsity Email: uonknh_erc@uonbi.ac.ke Fax: 725272
(254-020) 2726300 Ext 44355 ‘Website: www.uonbi.ac.ke Telegrams: MEDSUP, Nairobi
Ref: KNH-ERC/A/356 Link:www.uonbi.ac.ke/activities/KNHUON 19t December 2012
Dr. Gaichu J.K.

Dept. of Conservative and Prosthetic Dentistry
School of Dental Sciences

University of Nairobi

Dear Dr. Gaichu

RESEARCH PROPOSAL: ROOT AND CANAL MORPHOLOGY OF PERMANENT MANDIBULAR INCISORS IN A KENYAN
POPULATION ((P539/10/2012)

This is to inform you that the KNH/UoN-Ethics & Research Committee (KNH/UoN-ERC) has reviewed
and approved your above revised proposal. The approval periods are 19" December 2012 to
18t December 2013.

This approval is subject to compliance with the following requirements:

a) Oniy approved documents {informed consents, study instruments, advertising materials etc) will be used.

b) All changes (amendments, deviations, violations etc) are submitted for review and approval by KNH/UoN
ERC before implementation.

c) Death and life threatening problems and severe adverse events (SAEs) or unexpected adverse events
whether related or unrelated to the study must be reported to the KNH/UoN ERC within 72 hours of
notification.

d) Any changes, anticipated or otherwise that may increase the risks or affect safety or welfare of study
participants and others or affect the integrity of the research must be reported to KNH/UoN ERC within 72
hours.

e) Submission of a request for renewal of approval at least 60 days prior to expiry of the approval period.
(Attach a comprehensive progress report to support the renewal).

f) Clearance for export of biological specimens must be obtained from KNH/UoN-Ethics & Research
Committee for each batch of shipment.

g) Submission of an executive summary report within 90 days upon completion of the study
This information will form part of the data base that will be consulted in future when processing related
research studies so as to minimize chances of study duplication and/or plagiarism.

For more details consult the KNH/UoN ERC website www.uonbi.ac.ke/activities/KNHUoN
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APPENDIX 4: DIAGRAMMATIC CANAL CONFIGURATION AS PER VERTUCCI
(1984) CLASSIFICATION

Type | Type I

N L

g A F i AN

ANl AUl

FJEARI fR Rl

AR A AR AT

BAt BRI

1R 1R

& &
Type V Type VI Type VII Tpe VI

Canal configurations as per Vertucci(1984) clasatfon are described belc

Typel: A single canal present from the pulp chambeh&oape>
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Type Il: Two separate canals leave the pulp chamber,duttgp form one canal at the site of

exit.

Type I11: One canal leaves the pulp chamber, divides imto within the root, and then

merges to exit as one.

TypelV: Two separate and distinct canals are present tinenpulp chamber to the apex.

Type V: Single canal leaving the pulp chamber but divgdinto two separate canals with two

separate apical foramina.

Type VI: Two separate canals leaving the pulp chambejdoutat midpoint and divides again

into two separate canals with two separate aparahfina.

Type VII: One canal leaving the pulp chamber divides im0 within the root and then
merges at midpoint and divides again into two saparcanals with two separate apical

foramina.

Type VIII: Three distinct canals from the pulp chamber &apex.
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