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ROOT CANAL MORPHOLOGY OF MANDIBULAR PRIMARY MOLARS: A
MICRO-CT STUDY

ABSTRACT

Objectives: Frequency of typical and non-typical root and canal morphology of
primary teeth, which in clinical practice cannot be detected using 2D radiographic
images, should be known by clinicians to decrease failures arising from complexity
of root canal morphologies. The aim of this in vitro study was to evaluate
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morphologic variations in mandibular primary molars’ root canal systems.

Materials and Methods: Primary mandibular 1% (n=17) and 2" (n=33) molars were
scanned using micro-CT. 3D root models were obtained and root canal morphologies
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were evaluated according to a modified Vertucci classification. Type 1 and Type 4 M.Z. 0000-0003-4756-3348
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canal morphologies were evaluated as ‘normal’ and all other types and ‘non-typical $.S. 0000-0003-2202-5148

canal morphology were evaluated as ‘abnormal’ root canal morphology.

Results: Most common root canal morphology among mandibular primary 1%
molars were Vertucci Type 4 morphology for both mesial and distal roots (47% and
41.2% respectively), and non-typical morphology for both the mesial and distal roots o _
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Conclusions: Wide range of morphologic variations and frequency of non-typical
morphology could be seen especially among mandibular primary 2™ molars and use
of disinfectant irrigants and root canal fillings with high antibacterial efficacies
are important in order to decrease failures arising from these inaccessible areas.
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INTRODUCTION

It was clearly known that fundamentally the main
philosophy of a root canal treatment is filling all the
spaces from which pulp removal was done in the
root canal following shaping and cleaning
procedures.’® From this point of view, it is
necessary to have an idea about all the internal
morphological diversity in the root canal system
where the pulp is likely to occupy space.!

Root canal treatment consists of access cavity
preparation and determination of working length,
followed by chemo-mechanical preparation and
obturation of root canal system in both dentitions.*®
Although root canal treatment applications of
primary and permanent teeth are similar primary
teeth require a different approach due to both
continuous change in the location and size of the
apical opening and morphologic variations as an
outcome of secondary dentin deposition.>” Both
situations cause a limitation on the chemo-
mechanical preparation and hermetically obturation
of the root canals.®® Leaving untreated canals due to
a lack of detecting all root canals was reported as the
major cause of failures in root canal therapy.®®
Therefore, a thorough knowledge about root canal
morphology and variations in the root canal systems
is needed in order to alter any possible complication
during each of these stages and improve the success
of treatment.°

Root canal treatment of primary incisors and
canines are performed more easily as they
generally exhibit only one root and root canal.®
However, in cases where a root exhibits two root
canals, especially as in the mesial roots of
mandibular primary molars, deposition of
secondary dentin in multi-rooted teeth causes small
fins, lateral fibrils and connecting branches
between canals and formation of a non-typical
morphologic structure which cannot be clinically
detected®, leading to failures in an effective chemo-
mechanical preparation and obturation of the root
canals during treatment.

In clinical practice, complexity of the root canal
morphology and variations such as lateral canals,
apical ramifications or interconnecting branches
cannot be detected through the radiographs.? Root
canal morphology of primary teeth has been
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evaluated in vitro with different methods such as;
material injection'®*, dye perfusion’, digital
radiographs?®, longitudinal and transverse cross-
sectioning®®®, clearing technique®'®2!, Scanning
Electron  Microscopy (SEM)?,  Cone-Beam
Computed Tomography (Cone-beam CT)?* and
micro-CT.%2* Micro-CT, which is recently used in
many different fields in dentistry, is a fast,
reproducible, non-invasive and non-destructive
method, providing more accurate and complete
results when compared to other CT methods.?>?" In
addition, the resolution of voxels ranging from 1-50
um ensures that even very small and complex
objects can be displayed. Micro-CT has been proven
to be a very effective method in imaging and
studying the complex structure of root canal
morphology.?2°

Most of the morphologic studies in primary
teeth, in which root canal morphology was defined
according to number of only the main root canals
and connecting branches, lateral fibrils were
evaluated separately, seem to lack in defining
morphologic  variations in a  systematic
classification as in permanent teeth. Despite all the
studies systematically trying to define the diversity
of canal configurations, it is seen that there may
still be too many atypical canal systems and there
is still no classification system suitable for all tooth
types.®® Considering the limitations of evaluation
methods used in studies and limited number of
studies carried out using a systematic
classification, a detailed description of the
variations in root canal morphology of primary
teeth is still lacking in the literature. Therefore, the
present study aimed to evaluate the morphological
variations seen in the root canal systems of the
mandibular primary molars within a systematic
classification by using micro-CT.

MATERIALS AND METHODS

The study protocol was approved by the research
ethics committee of Ankara University Faculty of
Dentistry (36290600/23-2015).

Sample Selection

Mandibular primary molars extracted for several
reasons were selected from among patients
attending pediatric clinic. According to the Power
Analysis; to obtain results with maximum 20%
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error, with 5% Type 1 error and 80% power level,
at least 49 teeth were required.

Total of 50 mandibular primary molars [first
molars (n=17) and second molars (n=33)] were
selected according to the inclusion criteria which
was determined as teeth could be included in the
study when the apical root resorption level did not
exceed 1/3 of total root length. Soft tissues and
debris on the surface of the extracted teeth were
removed and cleaned with a toothbrush and scaler
under tap water. Specimens were stored in a 0.2%
thymol solution until used.

Micro-CT Scanning and Reconstruction

Each tooth was slightly dried and mounted on a
wax block and scanned in a micro-CT scanner
(Bruker Micro-CT 1172, Kontich, Belgium) at a
pixel resolution of 12.5 um. The X-ray tube was
operated at 100 kV and 100 mA, and the scanning
was performed by 360° rotation around the vertical
axis with a rotation step of 0.4°, using a 0.5-mm-
thick aluminum filter. Each image was composed
from the average of three poses obtained from each
tooth. Duration for each pose is 1750 ms.
Depending on the size of the specimen, an average
of 1400 cross section was obtained. Images of each
specimen were reconstructed with Nrecon software
(Nrecon v. 1.7.1.0, Bruker_microCT) providing
axial cross sections of the inner structure of the
samples.

Qualitative Analysis

Data analysis and reconstructions of three-
dimensional models were done based on CTAnN
software (CTAN, v.1.13, Bruker_microCT), imaging
was done using CTVox software (CTVox,
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Bruker_microCT) and solid state of models were
imaged  on CTvol software (CTVol,
Bruker_microCT). Using CTAn software (CTAN,
v.1.13, Bruker_microCT), choosing certain intervals
on gray scale (0-255), separate models of root canal
space and tooth structure were obtained. These
models were then combined together using CTVol
software (CTVol, Bruker_microCT). For a more
accurate morphologic evaluation, models of mesial
and distal roots of each tooth were obtained
separately. Color settings were selected to show the
root canal space (pink-red) in the 3D images of the
tooth structures.

Morphologic Classification

Using models obtained via micro-CT, root canal
morphologies of mesial and distal roots of
mandibular primary first and second molars were
determined according to Vertucci Classification.*
Root canal morphologies non-classifiable with
Vertucci’s Classification, were recorded as non-
typical root canal morphology that was earlier
defined by Sar1 and Aras.®® According to this,
single canal in a root (Vertucci Type 1) and two
separate canals in a root (Vertucci Type 4) were
evaluated as ‘normal’ canal morphology, while all
other Vertucci canal types and non-typical root
canal structures were all together categorized as
‘abnormal’ canal morphology.
distribution of root canal morphology types of
mandibular primary molars’ mesial and distal roots
were shown with numbers and percentages.

RESULTS

Data obtained from the evaluation of root canal
morphology according to modified Vertucci
Classification are given in Table 1.

Frequency
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Table 1. Root Canal Morphology of Mandibular Primary Molars (n=50)

Canal Types
Normal Abnormal
Canal Canal
Tooth Root NS;(IJate r T{pe T);pe T)épe T)zpe T)gpe T)gpe T);pe T)gpe T')\/lgir::_al Morphology ~ Morphology
(Type 1 & (Other canal
Type 4) types)
Mesial 17 : } : 8 1 2 1 5 8 9
Primary (%47) (%5.9) (%11.8) (%5.9) (%29.4) (%47) (%53)
First
Molar Distal 17 o 3 - 2 ! 3 2 - 10 !
(%17.6) (%11.8)  (%41.2) (%17.6) (%11.8) (%58.8) (%41.2)
Mesial 35 4 1 10 2 2 16 14 21
. (%11.4)  (%2.9) (%28.6) (%5.7) (%5.7) (%45.7) (%40) (%60)
Primary
Second
Molar Distal % 2 3 1 5 6 2 1 6 7 7 2%
(%6.1) (%9.1) (%3) (%15.1)  (%18.2) (%6.1) (%3)  (%18.2)  (%21.2) (%21.2) (%78.8)

* 2 out of 33 second primary molars have two mesial roots and one distal root each.

Images of 3D modelled roots and root canals used
in determining root canal morphology are shown in
Figure 1.

Figure 1. Images obtained from the 3D models a) Distal root of
mandibular primary 1% molar (Vertucci Type 1). b) Distal root of
mandibular primary 1% molar (Vertucci Type 4). ¢) Mesial root of
mandibular primary 1% molar (Non-typical). d) Mesial root of
mandibular primary 1% molar (Vertucci Type 5). e) Distal root of
mandibular primary 2" molar (Vertucci Type 8). f) Mesial root of
mandibular primary 2" molar (Non-typical)

In Table 1, the frequency distribution of root
canal types for mesial and distal roots of
mandibular primary first and second molars are
given in numbers and percentages. The frequency
of ‘normal’ and ‘abnormal’ canal morphologies are
also given in Table 1.

Three roots were observed in 2 out of 33
mandibular primary second molars [one distal and
two separate mesial roots (mesiobuccal and
mesiolingual), while all other primary molars
(n=48) had two roots.

Vertucci Type 4 (47% and 41.2%
respectively) was the most common root canal
morphology for both mesial and distal roots of
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mandibular primary first molars while it was the
non-typical morphology for primary second molars
for both roots [mesial (45.7%), distal (21.2%)].
Frequency of ‘Abnormal’ canal morphologies were
enrolled 53% and 41.2% in mesial and distal roots
of first molars respectively, and 60% and 78.8% in
mesial and distal roots of second molars.

DISCUSSION

Although detailed descriptions of root canal
morphology of primary molars have been already
reported>14151819 ‘most of these studies seem to
lack in defining morphologic variations in a
systematic classification in which only the
prevalence of one or two root canals were reported
and connecting branches, lateral fibrils were
evaluated separately. So, the present study has
aimed to analyze the detailed images of the root
canal morphology and determine the frequency of
complex morphologies of primary molars.
Vertucci’s Classification* which form the basis of
the classification systems used in permanent teeth,
has identified a total of eight configurations that
were more complex than described in earlier
studies.*® The classification system has been
modified by Sar1 and Aras® in order to define the
non-typical root canal variations in primary teeth.

Although new suggestions have come up to
define the diversity of canal systems,® the
recommendations generally focus on permanent
teeth. A more recent study®! describes new root and
canal classification system for the primary
dentition in a similar way as in permanent
dentition®®, however it is reported that the presence
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of physiological root resorption and the presence of
permanent sucessors close to the roots of primary
teeth may be a challenge to implement this system.
In addition, the numbering procedure appears to be
somewhat complex and requires clinical
experience. For this reasons, it is considered
appropriate to use the modified type® of Vertucci
system used in primary teeth in this present study.

Primary incisors and canines have been
reported to have less complex root canal
morphologies compared to primary molars.t®%
Root canal number of both mandibular and
maxillary molars vary between 2-5810.20.3234
resulting with greater morphologic variations in
their root canal systems, which has been reported
to be most frequent especially in mandibular
primary molars.’32034 Regarding this, the present
study was carried out on mandibular primary first
and second molars.

The present study has shown that 47.1% of
mesial roots of mandibular primary first molars
have Vertucci Type 4 canal morphology. This
result takes part in the range 24-100%, which was
reported in previous studies.®10:1320.23.24.33 \/ertycci
Type 4 was the most common also in distal roots of
mandibular primary first molars (41.2%). The only
study that we can compare the findings of the canal
morphology we have obtained from the present
study within the systematic classification is a study
using clearing technique, carried out by Sar1 and
Aras,® in which Vertucci Type 1 was the most
common root canal morphology reported for distal
roots of first molars (70%), while only 9.3% of
them had Type 4 morphology. The difference
between the research findings is thought to be
caused by the difference in the methods used in the
study. Hence, the clearing technique used in that
study has some limitations; due to weakened tooth
structures during demineralization process, the
weakened tooth could be bent during the handling
process of the specimen, causing small structures
like accessory canals or isthmuses to be affected
even by a slight distortion. This morphological
distortion could result in closure or narrowing of
accessory canals.®® It is more appropriate to
compare our findings with the results of micro-CT
studies®?* carried out with limited number of
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samples, which have reported 50-60% of two root
canals in distal roots of mandibular primary first
molars.

In this present study, the most common canal
morphology determined in both mesial and distal
roots of mandibular primary second molars was
non-typical morphologic structure (45.7% and
21.2% respectively). In the single study, in which
canal types non-classifiable with Vertucci’s
classification were considered as non-typical canal
morphology, it has been emphasized the
prevalence of non-typical canal morphology in
both mesial and distal roots to be (28% and 8%
respectively).? Additionally, Vertucci Type 4 was
the most common (48.6%) canal morphology
among mesial roots of mandibular primary second
molars reported also by the single reference
study.? In other studies where only canal numbers
were reported without systematic classification, the
frequency of the occurrence for two canals in
mesial roots of second molars was given between
32% and 100%.81013232433 |n  the literature
variations like apical ramifications,
interconnecting branches and lateral fibrils in the
mesial roots of mandibular molars were frequently
reported.®*® According to findings reported by a
study®3, canal morphology characterized with these
variations was the most frequent (36%) in mesial
roots of mandibular primary second molars.2 Other
studies evaluating only the main root canal(s) and
not considering variations between the main root
canals in determining canal morphology, have
reported a higher prevalence of two root canals

(85.7%-100 %) compared to our findings.®
10,20,23,24,33

In this present study, non-typical canal
morphology was found to be the most frequent
(21.2%) in the distal roots of the second molars.
Type 1 canal morphology was the most common
for distal roots reported by Sar1 and Aras?, which
is followed by Type 4 morphology with 18% and
non-typical morphologic structure with 8%. In the
present study, findings for Type 1 canal
morphology were much less compared to results
reported by Sar1 and Aras?, while similar results
for type 4 canal morphology (15.1%) was obtained.
The difference between the results is thought to be



Canal Morphology of Primary Molars: Micro-CT Study

due to the number of samples used in the study or
the methods used to determine the morphology.
Prevalence of one root canal and two root canals in
distal root of mandibular primary second molars
varied between 21-88.9% and 11.4-100%
respectively among studies, 81023242933
Morphologic variations that was reported among
distal roots of mandibular primary second molars®
19 have suggested that on contrary to only one or
two root canals reported among studies, non-
typical root canal morphology may also be as
prevalent, however, prevalence of this
morphologic  structure may vary among
investigation methods. Additionally, perhaps due
to the fact that the evaluations were not made in a
systematic classification, the canals which can be
considered as non-typical according to the
modified Vertucci classification,® are determined
as one or two canals. For this reason, it is possible
to say that the modified classification used in the
present study has given a more specific information
about canal morphology.

Prevalence of ‘normal’ canal morphology
defining Vertucci Type 1 and Type 4, and
‘abnormal’ canal morphology, defining all other
canal types and non-typical morphological
structure, were nearly equal in mesial and distal
roots of first molars and mesial roots of second
molars (‘Normal’ canal morphology; 47%, 58.8%
and 40% respectively and ‘Abnormal’ canal
morphology; 53%, 41.2% and 60% respectively).
The difference in the frequency was more
significant only in distal roots of second molar
teeth (‘Normal’ canal morphology 21.2% and
‘Abnormal’ canal morphology 78.8%). This may
be due to wide range of morphologic variations
arising from random secondary dentin deposition
in the wide, ribbon-like distal roots of second
molars.

As a general assessment of ‘abnormal canal
morphology’ recorded in the present study,
morphological changes were most likely to appear
as ramifications in the apical region. Thus, studies
have reported that, in the apical region, continual
secondary dentin deposition may develop small
fins and connecting branches between canals and
divide them into two or more canals.®131%20

387

CONCLUSIONS

Wide range of morphologic variations and
frequency of non-typical morphology especially
among mandibular primary 2nd molars, which in
clinical practice cannot be detected using 2D
radiographic images, should be considered during
root canal treatment. Depending on these results, it
IS suggested that, during root canal treatment, use
of disinfectant irrigants and root canal fillings with
antibacterial efficacies are important in order to
decrease failures arising from these inaccessible
areas. Further studies are essential to create a
general classification system including all
diversities for the root canal system in primary
teeth and more research are needed to evaluate the
effect of variations among primary teeth root canal
morphology on success of root canal filling.
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Alt Siit Azt Dislerinin Kanal Morfolojileri: Bir Mikro-

BT Calismast

0z

Amag: Siit dislerinin kok kanal sistemlerinde sik rastlanan
ancak klinik pratiginde 2D radyografiler iizerinden tespit
edilmesi miimkiin olmayan morfolojik varyasyonlar,
morfolojiden  kaynaklanan  basarisizigin  en  aza
indirgenebilmesi i¢in  klinik
dikkate
gergeklestirilen bu ¢alismada, alt siit azi dislerin kok

kanal

uygulamalarda  hekim

tarafindan alimmaldir.  In-vitro  olarak
morfolojilerindeki varyasyonlarin  ¢esitliliginin
degerlendirilmesi amaglanmistir. Gereg ve Yontemler: 50
adet alt siit azi dis, [siit 1. azi (n=17), siit 2. azt (n=33)]
yiiksek ¢oziiniirliiklii mikrvo-BT ile taranmistir. Mikro-BT
ile 6rneklerin 3D goriintii ve modellerinin elde edilmesini
takiben Vertucci smiflamasina atipik kanal morfolojisi de
ilave edilerek kanallardaki morfolojik varyasyonlar
gruplandwrimigtir. Tip 1 ve Tip 4 kanal tipi ‘normal’
morfololoji, bunun disinda kalan tiim kanal tipleri ise
‘anormal’ morfoloji olarak degerlendirilmistir. Elde edilen
veriler sayi ve yiizde (%) ile gosterilmistir. Bulgular: Alt
st 1. azi disi igin, mesial ve distal kokte en stk Tip 4
morfoloji (swraswyla %47 ve %41,2); siit 2. azi digi i¢in ise,

mesial ve distal kokte en sik atipik morfolojik yapi (sirastyla
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%45,7 ve %21,2) tespit edilmistir. Sonuglar: Atipik
morfolojik varyasyonlarin siit azi dislerinde ¢ok genis bir
aralikta ve siklikta goriildiigii ve ozellikle alt cene siit ikinci
azi dislerinde gozlendigi dikkate alinarak, bu dislerle ilgili
planlanan endodontik tedaviler sirasinda ulasilamayan
alanlardan  kaynaklanan  basarisizligin ~ en  aza
indirgenebilmesi icin antibakteriyel etkinlige sahip olan
kanal dezenfektani ve kanal dolgu materyali kullaniminin
onemli oldugu sonucuna vardmistir. Anahtar kelimeler:
Taurodontizm, Mikrobilgisayarli Tomografi, Siit disi,

Kalici dis.
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