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the diagnostic accuracy of cone-beam computed tomography and
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INTRODUCTION

A successful
comprehensive

endodontic
knowledge of
morphology.!!! In addition to the general morphology,
some irregularities and hard-to-reach areas are also
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ABSTRACT

Background: A successful endodontic treatment requires a comprehensive knowledge of the
root canal morphology. This study compared the diagnostic accuracy of cone-beam computed
tomography (CBCT) and the sectioning technique for the assessment of mandibular first
molar (MFM) root canal morphology.

Materials and Methods: In this in vitro, experimental study, 48 eligible MFMs were mounted in
12 blocks (groups of 4) made of acrylic resin and sheep bone powder and underwent CBCT. Next,
the teeth were mounted in transparent self-cure acrylic blocks, and their roots were sectioned at
three points with 3 mm intervals. Images underwent multiplanar reconstruction in NNT Viewer
software and were analyzed by one radiologist with the cooperation of an endodontist.The sections
were also evaluated by an endodontist under a stereomicroscope (gold standard).The frequency and
percentage of single-canal,and two-canal roots were determined by each technique.The agreement
between CBCT and the Gold standard was analyzed by calculating the kappa coefficient (P < 0.05).
Results: The diagnostic accuracy of CBCT for the assessment of the MFM root canal morphology
was 80% on the mesial surface, 99% in the distal surface, and 96% in total. In the mesial surface,
94.2% of two-canal roots and 66.7% of single-canal roots were correctly detected by CBCT.
These values were 100% and 97.4% in the distal surface, and 95.2% and 95.8% in total, respectively.
A significant agreement was noted between CBCT and the Gold standard with Kk =0.412 for the
mesial, 0.939 for the distal, and 0.907 for the total surfaces (P < 0.001).

Conclusion: CBCT can be reliably used for the assessment of the complex root canal morphology
of MFMs when other modalities fall short.
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present in the root canal system that need to be
cleaned; if left untreated, these areas can lead to
treatment reinfection and treatment failure.™

the

requires a
root canal
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The morphology of the root canal system is highly
complex, and a wide range of anatomical variations
exist with regard to root canal anatomy.!! Thus,
knowledge about the root canal anatomy is imperative
for a successful endodontic treatment.’! The root
canal anatomy is influenced by a number of factors
including the racial and geographical parameters,
among others.?!

Mandibular molars often have one mesial and one
distal root. Both roots are wider in the buccolingual
than the mesiodistal dimension. The mesial root
usually has two canals, which may terminate at
one or two apical foramina. The distal root often
has one wide canal; however, the presence of two
canals has also been reported in one-third of the
cases.!!l The possibility of the presence of two canals
in the distal root of mandibular first molars (MFMs)
is approximately 30%.%' According to the literature,
the possibility of the presence of four canals in MFMs
was 31.57% in Urmia, Iran,” 45% in South China,?
46% in Taiwan, and 59% in Sudan.!”

Several techniques are used to assess the root canal
morphology such as the root canal staining and
clearing technique, sectioning, conventional and
digital radiographic modalities, and more recently,
computed tomography (CT) and cone-beam
CT (CBCT)."®! These techniques have different levels
of accuracy and complexity and not of all them can
be used in the clinical setting, because some of them
require destruction of specimens or prevent the use of
instruments in the root canal system."!

CBCT is a relatively novel technology for maxillofacial
imaging, which reportedly has adequate accuracy
for the assessment of root canal anatomy.!'“'?l CBCT
images of root morphology have higher resolution than
the CT scans.'"! CBCT has the advantages of higher
resolution and lower patient radiation dose than the
conventional CT and provides three-dimensional (3D)
images of the teeth and their supporting structures,
maxilla, mandible, facial skeleton, internal ear,
temporomandibular joint, and base of the skull in
axial, coronal, and sagittal sections. Despite the
advantages of CBCT, it has some limitations with
respect to imaging geometry, sensitivity of the detector,
contrast, and resolution. Thus, CBCT is often used as
a supplement rather than an alternative to panoramic
or other conventional radiographic modalities.'3]

Comprehensive knowledge about the root canal
anatomy and morphology is important for optimal

long-term  prognosis of endodontic treatment,
and can save time and cost, and result in greater
patient satisfaction, and comfort of dental clinician.
Furthermore, it is important to assess the root canal
morphology in different populations.

Since the anatomical variations of mandibular molars
have been less commonly addressed in the literature,
compared with maxillary molars, this study aimed to
compare the accuracy of CBCT and the sectioning
technique for the assessment of the anatomy and
morphology of permanent MFMs.

MATERIALS AND METHODS

This in vitro experimental study was conducted on 48
MFMs extracted due to poor periodontal prognosis.
The study protocol was approved by the Research
Ethics Committees of Ahvaz Jundishapur University
of Medical Sciences (IR.AJUMS.REC.1397.272).
The sample size was calculated to be 48 assuming
95% confidence interval to be 1.96, P = 0.97, and d
(accuracy) = 0.04.

The teeth had sound roots and closed apices, and were
stored in 100% humidity at room temperature during
the study. They were mounted in 12 blocks in groups
of 4 to the level of their cementoenamel junction. The
blocks were made of cold-cure acrylic resin (Marlic
Co., Tehran, Iran) and sheep bone powder to simulate
the dental arch.

The teeth then underwent CBCT in a NewTom CBCT
scanner (Verona, Italy) with the exposure settings of
84 kVp, 63.60 mAs, 5.4 s time, and 8§ mm x 8§ mm
field of view.

For clinical sectioning (Gold standard), each tooth
was mounted in transparent self-cure acrylic resin
blocks (Dentsply, England). The mesial and distal
roots of each tooth were separated from each other;
then, each mesial and distal root was cervicoapically
divided into three separate sections, including cervical,
mid-root and apical, at approximately equal distances
with 3 mm intervals. Each section was examined
as a study unit under the stereomicroscopy (M400,
Wild Heerbrugg, Switzerland) to count the number
of canals; Therefore, for each mesial and distal root,
48 multiplied by 3, i.e., 144 sections were studied.
The CBCT images were stored in NNT Viewer
software (version 8, NewTom, Verona, Italy) and
assessed following multiplanar reconstruction. The
CBCT images were independently evaluated by one
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radiologist with the cooperation of an endodontist.
They were observed on a 17-inch monitor (LG
Corporation, South Korea) with 1024 x 1280-pixel
resolution in a dark room. The brightness and
contrast of images were adjusted for optimal
observation. The sections were also evaluated under a
stereomicroscope by an endodontist to assess the root
canal morphology (Gold standard).

Data were analyzed using SPSS version 25 (SPSS
Inc., Chicago, IL, USA). The frequency and
percentage of roots with one and two canals were
recorded by using CBCT and the Gold standard. In
addition, the agreement between the CBCT and the
Gold standard was evaluated by calculating the kappa
coefficient.

RESULTS

The findings of the current manuscript are presented
in three tables. Table 1 presents the diagnostic
accuracy of CBCT for the assessment of the root
canal morphology of MFMs in the mesial surface.
As shown, the diagnostic accuracy of CBCT for the
assessment of the MFM root canal morphology in the
mesial surface was 0.80. In other words, it correctly
diagnosed 80% of the cases, compared with the Gold
standard.

The kappa coefficient indicated significant relative
agreement of CBCT with the Gold standard in the
assessment of the mesial surface of MFM root
canals (P < 0.001, k¥ =0.412).

Table 2 presents the diagnostic accuracy of CBCT for
the assessment of the root canal morphology of MFMs
in the distal surface. As indicated, the diagnostic
accuracy of CBCT for the assessment of the MFM
root canal morphology in the distal surface was 0.99.
In other words, it correctly diagnosed 99% of the
cases, compared with the Gold standard. The kappa
coefficient indicated significantly high agreement of
CBCT with the Gold standard in the assessment of
the distal surface of MFM root canals (P < 0.001,
Kk = 0.939).

Table 3 presents the diagnostic accuracy of CBCT
for the assessment of the root canal morphology of
MFMs in general. As shown, the accuracy of CBCT
for the assessment of the root canal morphology
of MFMs was 0.96. In other words, it correctly
diagnosed 96% of the cases, compared with the
Gold standard. The kappa coefficient indicated

Table 1: Diagnostic accuracy of cone-beam
computed tomography for the assessment of the
root canal morphology of mandibular first molars
in the mesial surface

Diagnosis Gold standard Total, Accuracy
CBCT One canal, Two canals, n (%)

n (%) n (%)
One canal 4 (66.7) 8(5.8) 12 (8.3) 0.80
Two canals 2(33.3) 130 (94.2) 132 (91.7)
Total 6 (100.0) 138 (100.0) 144 (100.0)

CBCT: Cone-beam computed tomography

Table 2: Diagnostic accuracy of cone-beam computed
tomography for the assessment of the root canal
morphology of mandibular first molars in the distal
surface

Diagnosis Gold standard Total, Accuracy
CBCT One canal, Two canals, n (%)

n (%) n (%)
One canal 111 (97.4) 0 111 (77.1) 0.99
Two canals 3(2.6) 30 (100.0) 33 (22.9)
Total 114 (100.0) 30 (100.0) 144 (100.0)

CBCT: Cone-beam computed tomography

Table 3: Diagnostic accuracy of cone-beam computed
tomography for the assessment of the root canal
morphology of mandibular first molars in general

Diagnosis Gold standard Total, Accuracy
CBCT One canal, Two canals, n (%)

n (%) n (%)
One canal 115 (95.8) 8 (4.8) 123 (42.7) 0.96
Two canals 5(4.2) 160 (95.2) 165 (57.3)
Total 120 (100.0) 168 (100.0) 288 (100.0)

CBCT: Cone-beam computed tomography

significantly high agreement of CBCT with the Gold
standard in the assessment of the MFM root canal
morphology (P < 0.001, ¥ = 0.907).

DISCUSSION

Considering the variations in the number and
morphology of root canals of permanent teeth,”®! this
study aimed to compare the accuracy of CBCT and
the sectioning technique for the assessment of the
anatomy and morphology of permanent MFMs. The
results showed that the diagnostic accuracy of CBCT
for the assessment of the root canal morphology
of MFMs was 80% in the mesial surface, 99% in
the distal surface, and 96% in total, indicating high
diagnostic accuracy of CBCT for the assessment of
MFM root canal morphology. Torres et al.l'¥ evaluated
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the root canal morphology of mandibular molars by
CBCT in Belgian and Chilean populations. They
concluded that CBCT images can help endodontists
in precise diagnosis and appropriate endodontic
treatment planning. Their results were in line with
the present findings. Baratto Filho et al.'> evaluated
the internal morphology of maxillary first molars
microscopically, clinically, and radiographically by
CBCT. They concluded that the microscopic and
CBCT assessments had high reliability in detection
of root canals, and CBCT can be used as a reliable
imaging modality for the primary assessment of the
internal morphology of maxillary first molars. Their
results were in line with the present findings. Blattner
et al."™ used CBCT for identification of the second
mesiobuccal canal of maxillary first and second
molars. They showed that CBCT correctly detected
the presence/absence of the second mesiobuccal
canal in 78.95% of the cases, and had no significant
difference with the Gold standard (sectioning
technique) in this respect. Similar to the present
study, they showed that CBCT is a reliable technique
for detection of the mesiobuccal canals and yields
results comparable to the Gold standard (physical
sectioning). Michetti et al.'® evaluated the reliability
of CBCT for anatomical negotiation of the root canal
system. They found a significant correlation between
the CBCT findings and histological analysis of the
sections. Kim et all'" evaluated the morphology
of MFMs using CBCT in a Korean population and
concluded that CBCT is reliable for the assessment of
root canal morphology.

The high reliability of CBCT for the assessment of
MFM morphology was also confirmed in the present
study. In the mesial surface, 94.2% of two-canal
roots and 66.7% of single-canal roots were correctly
diagnosed by CBCT. These values were 100% and
97.4%, respectively in the distal surface, and 95.2%
and 95.8%, respectively, in total. These findings
indicate the optimal diagnostic accuracy of CBCT for
the assessment of MFM root canal morphology.

Variations in the results of studies can be due to the
different Gold standard techniques, differences in
sample size and CBCT scanners, and different levels
of experiences of the observers.®! CBCT can provide
high-resolution images in different spatial planes
without superimposition of the adjacent structures. It
is noninvasive, enables 3D image reconstruction, and
has lower patient radiation dose than the conventional
CT, and precise geometry due to the isotropic nature

of voxels.l's"”) Matherne et al.* compared CBCT
as the Gold standard with digital radiography and
showed that CBCT detected a higher number of
root canals than digital radiography. These results
indicate optimally high diagnostic accuracy of CBCT
for detection of root canals in endodontic treatment.
Zhang et al.?" stated that CBCT is effective for
detection of mesiobuccal canals of maxillary first and
second molars.

It should be noted that the observers and their
clinical experience level play a role in the results of
morphological assessments. Endodontists are probably
more acquainted with the root canal morphology, and
the results of their observations may be in greater
agreement with the Gold standard. Radiologists
may have limited expertise in identification of
complexities of the root canals unless they acquire
greater experience in this field.?>%!

Image resolution and diagnostic quality depend on the
radiographic density, contrast, sharpness, resolution,
object density, and type of image receptor.**! Despite
the high diagnostic accuracy of CBCT for the
detection of root canal morphology, it should not be
routinely used for this purpose since it has a higher
patient radiation dose than the conventional imaging
modalities. Therefore, CBCT 1is not indicated in
cases where periapical radiography can serve the
purpose. However, in cases of abnormal findings on
periapical radiographs or clinical examination (where
conventional imaging falls short), CBCT may be
requested to obtain more accurate results.['%25-27

In the present study, clinical sectioning served as the
Gold standard. Although some calcifications similar
to dentinal bridge may be present in the canals, these
calcifications are considered as a canal only when
CBCT can differentiate between them and dentinal
bridge. CBCT has several applications for the
assessment of the internal and external morphology of
the root canal system.?*2% Reuben et al.’! showed a
high diagnostic accuracy of CBCT comparable to that
of clearing and staining technique for identification of
root canal morphology. Rodrigues et al.’* evaluated
the anatomy of MFMs in a Brazilian population using
CBCT. They found that almost all distal roots had one
root canal, which was higher than the rate obtained
in the present study (79.2%). Nur et al.’¥ assessed
the root canal morphology of permanent mandibular
first and second molars in a Turkish population using
CBCT and showed that the mesial roots mainly had
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more than one canal. Chen et al.l% assessed the root
canal morphology of MFMs in a Chinese population
and found that 97% of the MFMs had two mesial
canals and 46% of them had two distal canals.
Variations in the results of the abovementioned
studies and the current study may be related to
different parameters. Race is an influential factor in
this respect.*¥ Sert and Bayirli®! reported that both
gender and race should be taken into account in
preoperative assessments of the root canal system.
Since the current study was conducted on extracted
teeth, the age of patients could not be taken into
account.

Significant relative agreement was noted between
CBCT and the Gold standard with ¥ = 0.412 for the
mesial, 0.939 for the distal, and 0.907 for the total
surfaces (P < 0.001). The calculation of the kappa
coefficient is a well-accepted technique for qualitative
and ordinal assessments.’®! In the present study, all
CBCT images were evaluated on the same monitor
although evidence shows that the performance of the
observer is irrespective of the characteristics of the
monitor.”)

This study had an in vitro design. Despite the
attempts to simulate the clinical environment by
mounting the teeth in blocks made of acrylic resin
and sheep bone powder, the actual bone and the
surrounding soft tissue can never be accurately
simulated in vitro. Furthermore, radiographic
diagnosis depends on the experience of the observer.
Thus, many factors can affect the interpretation of
images. Despite the use of the Gold standard in
studies conducted in vitro, it should be noted that
there is no Gold standard in the clinical setting.
Moreover, it should be kept in mind that the teeth
are fixed during radiography in vitro. However,
scanning takes 20—40 s and the patients may slightly
move during this period in the clinical setting,
adversely affecting the sharpness of images, but the
difference in distances is insignificant according to
recent studies.®*1 All these parameters should be
taken into an account when generalizing the in vitro
results to the clinical setting.

Future studies are required to ask different groups of
the observers such as radiologists and endodontists to
interpret the CBCT images regarding the morphology
of the root canal system of different teeth. In addition,
different exposure settings of CBCT scanners should
be compared to find the best protocol for accurate

assessment of the root canal morphology of different
teeth.

CONCLUSION

The current results supported the optimal diagnostic
accuracy of CBCT for the assessment of the root
canal morphology of MFMs. Thus, CBCT can be
used as a reliable technique for the assessment of
the complexities of MFM root canals whenever the
conventional radiographic modalities fall short.
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