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ARTICLE INFO ABSTRACT

Introduction: Premature loss of primary teeth can cause many problems including loss of arch
perimeter, supraeruption of opposing teeth and changes in the patient’s occlusion. Hence, maintaining
the primary tooth is utmost important for maintaining the arch integrity. The successful endodontic
treatment of primary teeth can be achieved only through a detailed knowledge of root and canal
morphology. Aim: To evaluate the root and canal morphology of primary maxillary first molars
using cone beam computed tomography (CBCT) in Pediatric Indian population. Materials and
Methods: CBCT images of 25 children (50 images) in the age group of 4-10 years were obtained
from the institutional data base and private diagnostic centers. The CBCT images were reconstructed
with the help of Scanora software evaluated and analyzed the data using SPSS version for windows.
Results: The majority of the primary maxillary first molar had three roots and three canals (Variant I)
which account for 72% of teeth and Variant II had three roots and three canals with distobuccal and
palatal root fused in 28% cases. Conclusion: Within the limitations of this study, we concluded that
there was difference in the root canal configuration of primary maxillary first molars in the studied
patients of an Indian population.
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distribution, and reproduction in any medium, provided the original work is properly cited.

INTRODUCTION

The primary dentition has numerous functions and is important
in child’s development1. They aid in maintaining the integrity
of the dental arch, thereby preventing malocclusion, allowing
proper speech and mastication, prevent aberrant tongue habits,
providing esthetics and guiding the eruption of the permanent
teeth. Therefore, preserving the vitality of deciduous teeth
until their normal exfoliation is utmost important3. Primary
teeth exhibit morphologic differences and have a thinner layer
of mineralized tissue between the external and internal
surfaces of teeth when compared with permanent teeth, which
leads to rapid penetration of microorganisms into the pulp
causes caries development1. Dental caries is the major
etiological factor which leads to pulpal involvement that
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necessitates treatment to maintain the integrity of dental
tissues2. The preservation of primary teeth in dental arch is an
important concept as the major problems caused by its
premature loss is changes in chronology and eruption sequence
of permanent teeth4. The bizarre internal geometry of pulp
cavity with features not commonly present in permanent teeth
such as connections involving furcation, and horizontal
anastomosis makes the root canal therapy as highly
complicated procedure in primary teeth3. The detailed
knowledge of the morphology and variation of the root canals
of primary teeth are essential during endodontic therapy5.
Besides, as root resorption initiates, dentin is deposited within
the root canal system and may change the size, shape and
number of root canals significantly3. The commonly used
techniques in analyzing the root canal morphology are canal
staining and tooth clearing methods, conventional radiographs,
digital and contrast medium-enhanced radiographic techniques
and radiographic assessment enhanced with contrast media3.
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Among this, intraoral periapical radiographs are routinely used
for diagnostic and endodontic assessment that provides only
two dimensional images of a three dimensional structure
which might create errors in proper treatment plan5. Cone
beam computed tomography (CBCT) is a non-invasive tool
with a lower radiation dose than medical CT, and higher
resolution than conventional radiographic technique. It
provides the clinician with detailed images of the
dentoalveolar regions for disease diagnosis and even useful in
different fields of dentistry2. It is also possible to obtain
sections from multiple planes that have no projection errors
associated with superimposition and magnification thereby
creating three dimensional images of the teeth more
accurately5. Currently it is represented as the ”GOLD
standard” in identifying root canal anatomy when used with an
appropriate small field of view (FOV) and small voxel size5,7.
The studies carried out to analyze the various root canal
configuration and its classifications for permanent teeth have
been proposed, and well documented in the literature.
However, the studies done to determine root canal morphology
of primary teeth using CBCT in Indian pediatric population is
relatively rare2. Hence, the present study was undertaken to
assess the variation in number and morphology of the root
canals of primary maxillary first molars and to study
applicability of CBCT in assessing the root canal morphology.

MATERIALS AND METHODS

This current retrospective study was carried out on fifty CBCT
images of primary maxillary first molars of children aged
between 4 to 10 years obtained from the institutional database
and other private diagnostic centers. This particular age group
was chosen in order to ensure the integrity of the original
morphology of the root canals of primary maxillary molars
and also the amount of root resorption is minimal at this age.
The CBCT images that were taken for various valid diagnostic
reasons such as developmental or congenital anomaly,
pathological and traumatic lesions were collected and
analyzed. The teeth which require Endodontic treatment with
or without periapical lesions, minimal root resorption were
included in the study and teeth involving multi-surface carious
lesion, resorbed root > ½ root length, restored or fractured
teeth and teeth with bone loss were excluded. The sample size
was estimated using the formula N= Z2 (1-α) X PQ where Z
(1-α) =1.96, P=0.50, Q=1-P, δ (Margin of Error) =0.15. δ2.
The study data was analyzed using SPSS [Statistical Package
for Social Science] v.22 [IBM, Corp.,] for Windows. The level
of significance was set at P<0.05.  The ethical clearance was
obtained from the institutional ethical and research committee
prior to the commencement of the study.

RADIOGRAPHIC TECHNIQUES

The CBCT images were taken by a SCANORA® 3D machine
at 90 kV and 12.5 mA, with a field of view of 60 mm and a
voxel size of 0.1 mm. The slice thickness was 1 mm and the
exposure time was 15 seconds. Scans were made according to
the manufacturer’s recommended protocol and all of the
images were taken by a licensed radiologist, with the
minimum exposure necessary for adequate image quality. The
lowest radiation dose and field were guaranteed.

EVALUATION OF THE IMAGE: The 50 CBCT image
were reconstructed in coronal section and analyzed with the
help of ON DEMAND 3D and Scanora software.

(CBCT MACHINE: SCANORA 3D, SOREDEX,
FINLAND).The contrast and brightness of images were
adjusted using the image processing tool of the software to
ensure optimal visualization. The images were evaluated for
number of root, number of canals per root and root canal
variations. The evaluation criteria of images were based on
that given by Gozde Ozcan in the year 2015 [Figure: 1]

The two variants which were analyzed in this study:

VARIANT I: Three separate roots with each root having one
canal.

VARIANT II: Three roots with three canals where
distobuccal and palatal roots fused [Figure: 2]

The variant I, II corresponds to class I, class III in Gozde
Ozcan’s root canal variations.

STATISTICAL ANALYSIS:

The study data was analyzed using SPSS version 22.0 [IBM,
Corp.,] for Windows. The experimental data obtained in this
paper were presented as categorical variables. The frequency
of the numbers of root and canals were determined and were
compared by the Chi-square test, with a significance level of
p<0.05.

RESULTS

Fifty primary maxillary first molars CBCT images were
examined. The mean age of the subjects included in the study
was 6.9 years for the males (n=15) and 7.6 years for the
females (n=10).  Majority of the primary maxillary first molar
had three roots separately with each root having one canals
(Variant I) which account for 72% of teeth. Remaining teeth
had three roots and three canals with distobuccal and palatal
root fused (Variant II) were analyzed in 28% teeth which is
statistically insignificant [Table: 1].There was no significant
difference in the root and canal morphology of maxillary first
molar teeth with respect to gender. The genderwise
distribution of primary maxillary first molar revealed that
88.9% of Variant I were seen in males whereas only 75% were
seen in females. Variant II were noted in 11.1% of males while
25% of females had distobuccal and palatal canal fused.
[Table: 2]. The two variants found in the root canal
morphology of primary maxillary first molars [Figure: 3 & 4]

DISCUSSION
The main aim of pulp therapy for primary teeth is to avoid
premature loss of teeth due to carious exposure4. It is
imperative for maintaining the primary teeth in dental arch in
order to avoid undesirable consequences for ensuring correct
spacing between tooth, mastication, phonation, esthetics, and
also for the prevention of psychological effects due to tooth
loss8. Endodontic treatment in deciduous teeth is a great
challenge for pediatric dentist. Therefore, a detailed
knowledge on the root and canal morphology of primary teeth
is essential which greatly enhance the effectiveness of pulpal
treatment9. In the present study, we used CBCT to evaluate the
number of root and canal morphology in 50 primary maxillary
first molars of 25 individuals. The primary maxillary first
molar is unique in that it looks somewhat like a molar but also
like a premolar13.
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Table I. Genderwise distribution of total number of primary maxillary first molar teeth observed for different Root & canal
variants using Chi Square test

Gender Variant I Variant II

n % N %
Males 22 61.1% 8 57.1%
Females 14 38.9% 6 42.9%
Total 36 72.0% 14 28.0%
c2 Value 0.702 1.637
P-Value 0.40 0.20

Table 2. Genderwise comparison of bilaterally symmetrical different Root & canal variants for
primary maxillary First Molars using Chi Square test

Teeth Variants
Males Females

c2 Value
P-
Valuen % n %

Primary Maxillary
first Molars

Variant I 8 88.9% 6 75.0%
0.562 0.45

Variant II 1 11.1% 2 25.0%

Figure 1. Image for evaluation

Figure 2: Variants in Root Canal Morphology of Primary
Maxillary First Molar

Figure 3: VARIANT I- Three separate roots with each root
having one canal

Figure 4.VARIANT II- Three root with three canals but distobuccal and palatal root fused
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An in-vitro study by Yin-Lin et al. which were conducted on
extracted primary molars (29 teeth), including eight maxillary
first molars, 10 maxillary second molars, two mandibular first
molar and nine mandibular second molars showed that in
primary molars, the variation in the numbers of roots and root
canals were two to three and three to four, respectively.
Maxillary molars exhibited mostly one canal than two-canal
roots, yet there were equal numbers in mandibular molars.
Fusion between distobuccal and palatal roots in maxillary
molar was common with a greater prevalence in maxillary
molars10. Apart from this, an in-vitro study was conducted by
Zoremchhingi et al. to evaluate the root canal morphology of
60 primary molars by computerized tomography showed that
out of 15 of primary maxillary first molar, seven of the
samples had three roots with three canals, which were
separated. In eight samples, both the distobuccal and palatal
roots were fused and in all the samples two canals were seen,
i.e. 1 distobuccal and 1 palatal canal which is also in
accordance to this present study11.

An in-vitro study conducted by Rajendran et al. on 30
extracted primary maxillary molars using spiral computed
tomography scan showed that in primary maxillary first
molars, two of the samples had 2 canals both distobuccal and
palatal root canals were fused and in 13 samples had 3 canals
(mesiobuccal, distobuccal, palatal) 9 whereas in this present
study no samples presented with two canals. A study was
carried out by Gozde Ozcan et.al, to investigate the variation
in number and morphology of the root canals of the primary
molars, to study the applicability of cone beam computerized
tomography (CBCT) in assessing the root canal variarions. It
was concluded that in maxillary primary first molars, one
canal was seen in the mesiobuccal root in most of the samples.
All the distobuccal and palatal roots of maxillary molars were
single canal roots. Out of 81 samples, 48 samples presented
with three roots with three canals , 25 of them showed three
roots with 4 canals, 6 samples showed two roots with 3 canals
and one tooth with two roots with 4 canals which was not in
accordance to our study1 .

However, in this present CBCT study, only two types of root
canal variations were determined. The Variant I was three
separate roots with one canal each which was most commonly
observed and account for 72%, whereas Variant II was three
roots with 3 canals where the distobuccal and palatal root
fused were seen in 28% of teeth which was statistically
insignificant. In this present study, CBCT was found to be an
effective and efficient diagnostic tool for investigating root
canal anatomy than conventional radiographs. It allows the
visualization of fine details of structures in three-dimensional
imaging without visual noise, even ensuring the radiation
exposure as low as possible in patients5, 6. It uses isotropic
voxels, empowering exact linear geometric and three
dimensional measurements of acquired data in axial, coronal
and saggital cross sections7. The majority of primary maxillary
first molar shows three root with three canal which did not
have any gender predilection. Hence, this study indicates that
CBCT is helpful in evaluating the root and canal system of
primary teeth. CBCT cannot be used routinely and can be
considered only when it has been determined that conventional
radiographic techniques are yielding limited details for proper
diagnosis and treatment planning.

Limitation: A limitation of this study was the sample size was
less. Thus, further studies have to be conducted to identify

more number of variants which could help pediatrics dentists
in improving their diagnostic and endodontic treatment skills.

Conclusion

Within the limitation, it was concluded that this in-vitro study
provided the root canal variations in primary maxillary first
molars, which is essential for the diagnosis and successful
endodontic therapy of primary teeth. The majority of primary
maxillary first molars have three roots with three separate
canals and the diversity in root canal variants should be
considered while performing pulp therapy. CBCT ensures as
an accurate diagnostic tool for analyzing the root canal
variations in a three dimensional view when compared to
conventional radiographs. A good knowledge regarding the
morphological variations in the root canals of primary
maxillary first molar is quintessential requirement, thus allows
an appropriate management strategies can be undertaken to
overcome the problem faced during the endodontic therapy in
primary maxillary first molars.
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