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ABSTRACT
Introduction: Successful endodontic treatment requires identification of the 

root canal morphology. The inability of dentists to accurately determine the location 
of all root canals lead to failure in endodontic treatment. Therefore, an accurate 
diagnostic tool is necessary to detect whole root canals’ morphology. Aim: To 
determine the accuracy of standard resolution cone-beam computed tomography 
(CBCT) in detection of the Mesiobuccal root canal morphology of maxillary molars.  
Material & Methods: The present in-vitro study was conducted on 78 human extracted 
maxillary molar teeth. The teeth were imaged by standard resolution CBCT, then 
stained and cleared. The canal staining and clearing technique was considered the gold 
standard because of its ability to provide an accurate three-dimensional view of the root 
canal system. The CBCT scans were assessed for detection and identification of mesio-
buccal (MB) canal morphology according to Vertucci’s classification, then compared 
with the gold standard. Results: Statistical analysis showed a non-significant difference 
between the standard resolution CBCT and the clearing technique regarding the ability 
to detect MB root canal morphology (p < 0.05), in addition to diagnostic accuracy of 
96.6%. The results show that the standard resolution mode can be employed to detect 
MB root canal variations as it provides high diagnostic accuracy with reduced patient 
radiation exposure. Conclusion: CBCT is a non-invasive imaging modality that can 
be used to accurately detect root canal morphology when other intra-oral low-dose 
imaging techniques do not provide conclusive results.

INTRODUCTION

Successful non-surgical root canal treatment requires accurate 
mechanical debridement and 3D filing of the whole canal and filling it 
with biocompatible materials (1). 

Supposing that the root has a “single” canal with a “single” apical 
foramen has recently become a mistaken assumption. The morphology 
of the root canal is complex, presenting canals deviations and reunions, 
isthmuses, accessory canals, and apical deltas, therefore, it has been 
called a system. Considering that the aim of root canal therapy is the 
accurate removal of all necrotic or vital tissue, bacteria, and microbial 
by-products from the whole canal, therefore, the detection of the 
anatomy of the root canal and its variations is a basic step for the proper 
endodontic therapy (2).
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Failure in maxillary molars endodontic 
treatment often results from ledge formation, apical 
transportation, perforations, and untreated second 
mesiobuccal canals (MB2). It has been found that 
42% of non-surgical retreatments are because 
of missed canals and 93% of them are in the 
mesiobuccal root, which might lead to progressive 
symptoms and apical periodontitis (3, 4).

Finding this canal clinically is often not an 
easy procedure mainly due to the excess dentinal 
growth on its orifice. Recently, adjunctive tools like 
magnifying loupes and dental operating microscopes 
have been increasingly used to facilitate the finding 
of these canals in clinical practice. Although 
magnification improved the detection of extra root 
canals, these microsurgical tools do not show the 
complete length of those canals. Furthermore, the 
presence of water and improper access preparation 
may lead to failure of detection of MB2 canal (5).

There are several methods used for detection of 
root canal morphology such as observation under 
a microscope, digital or conventional radiography, 
micro-computed tomography, and cone beam 
computed tomography (CBCT). Canal staining 
and tooth clearing technique (CLT) is believed 
by some researchers to be the gold standard 
regarding mapping of canal morphology, owing to 
its advantages including a three-dimensional view, 
simplicity, inexpensiveness, and noninvasiveness (6).

However, the major diagnostic tool used in 
dentistry is the radiographic imaging technology, 
especially in endodontics for diagnosis, treatment 
planning and assessment of the success of therapy(7).

Since periapical radiographs provide a two-
dimensional for a three-dimensional structure, 
multiple radiographs are needed with different 
angulations for root canal visualization. In addition, 
they acquire several drawbacks such as superimposed 

structures and image distortion, especially within the 
canals located at the buccolingual plane which could 
not be easily detectable from each other. CBCT is an 
alternative three-dimensional radiographic modality 
used when conventional radiographs fail to reach 
an accurate diagnosis, and when more details are 
desired. CBCT has multiple advantages including 
lower size and cost (compared to conventional CT), 
less acquisition time, better resolution, less patient 
radiation dose, and simplified software analysis (1,8).

In addition, it is a noninvasive method, that per-
mits conducting large-scale studies on different 
populations to quantitatively and qualitatively as-
sess the effect of several variables such as different 
ethnicity, aging, and gender on the root canal mor-
phology, as well as the fine anatomical properties of 
a tooth group (9).

The routine uses of small-field CBCT in 
endodontic treatment of molar teeth is a judicious 
use of radiation dose. The ALARA concept (As 
Low As Reasonably Achievable) can be applied 
with great benefits to the patient, where imaging the 
maxillary molars using CBCT with a minimal field 
of view has an effective radiation dose 1.4 times the 
radiation dose of a digital PA film (10).

The diagnostic accuracy of different CBCT sys-
tems vary according to the detector type, resolution, 
and exposure parameters (such as exposure time, 
voltage, amperage, and field of view), such factors 
also affect the patient’s radiation dose. Besides that, 
some CBCT systems permit the selection of a high- 
or standard (low)-resolution scanning mode, which 
is considered one of the main factors affecting im-
age quality (11).

In digital systems, spatial resolution (the 
capacity for distinguishing fine detail in an image) 
mainly depends on voxel size, a factor that greatly 
affects the image quality and the reconstruction 
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time. The smaller the voxel size is, the higher the 
spatial resolution can theoretically be. The principal 
determinants of nominal voxel size in a CBCT 
image are the matrix and pixel size of the detector. 
Detectors with smaller pixels capture fewer x-ray 
photons per voxel and result in more image noise 
(unwanted disturbance of a signal that obscures 
information content) (12). Consequently, CBCT 
imaging using higher resolutions are designed to 
use higher radiation dosages to achieve a reasonable 
signal-to-noise ratio for improved diagnostic image 
quality (13).

However, there are still no evidence-based crite-
ria that determine the ideal CBCT scan parameters 
in demonstrating small anatomical structures such 
as MB2 canal. Given the pervasive use of CBCT in 
dentistry and the high significance of knowing the 
morphology of canals in root canal treatment, the 
aim of the present study is to assess the accuracy of 
standard resolution CBCT in detecting mesiobuccal 
root canal morphology in maxillary molars.

MATERIALS AND METHODS

I.1 Study design 

The present study was carried out in the Oral Ra-
diology Department, Faculty of Dentistry, Suez Ca-
nal University after the approval of Research Ethi-
cal Committee (155/2018). Seventy-eight human 
maxillary first and second molars extracted recently 
for therapeutic purposes were collected from the 
outpatient clinic of the Oral Surgery Department, 
Faculty of Dentistry, Suez Canal University regard-
less of the age, gender and race of patients.

I.2 Sample Size Calculation

Sample Size Calculation was performed using 
G*Power software version 3.1.9.2. The effect size 

was 0.5 using alpha (α) level of 0.05 and Beta (β) 
level of 0.05, i.e., power = 95%, the minimum 
estimated sample size (n) was a total of 54 teeth. The 
sample was increased to 78 teeth for compensation 
in case of sample damage during clearing and 
staining technique.

II. Sample preparation:

The exclusion criteria for teeth were primary 
teeth, open apex, external root resorption and 
fractured roots, in addition to, presence of any kind 
of restoration and previous root canal treatment. 

The teeth were stored in 5% sodium hypochlorite 
solution. 13 Wax models were prepared as (U) 
shaped jaw models for radiographic assessment, 
with six teeth embedded in each wax model, three 
in each side.

III. Cone Beam Computed Tomography imaging

CBCT imaging of all models was conducted at the 
Oral Radiology Department, Faculty of Dentistry, 
Suez Canal University as follows: The extracted 
human maxillary molars were scanned by Scanora 
3DX Cone Beam Computed Tomography scanner1. 
The wax model was placed on the machine and 
adjusted by the aid of the triple light beam system. 
All teeth were scanned with 5×5 cm FOV,10 mA 
and 90kVp with standard resolution (voxel size 
0.15mm) and exposure time 4.5 seconds using flat 
panel detector. Each side of the models with the 
three maxillary molars was scanned separately.

III.1. Image analysis: 

The imaging data was transferred into DICOM 
format for image analysis using On Demand 

1.  Scanora 3DX, Soredex, Finland.
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software application 1. The mesiobuccal root of each 
scanned molar was divided into three-equal sections: 
coronal (from the cementoenamel junction to 1/3 of 
the root length), middle (from 1/3 to 2/3 of the root 
length) and apical (from 2/3 of the root length to 
the radiographic apex). All teeth were evaluated in 
sagittal, axial and coronal planes. The assessment of 
the root canal morphology using CBCT scans was 
carried out by two observers with 5- and 12-years’ 
experience in the field of oral and maxillofacial 
radiology for assessment of inter-observer reliability. 
Then, the assessment was repeated two weeks later 
by each observer for intra-observer reliability. 
Each radiologist was free to adjust the brightness 
and contrast of the image according to his needs. 
Each radiologist neither knew the result of the gold 
standard nor the other radiologist’s results (blinded 
assessment). The two investigators assessed the 
root canal morphology according to Vertucci’s (14) 
classification, who classified the root canal system 
into eight types as follows:  

• Type I (1-1): Single canal runs from orifice to 
apex.

• Type II (2-1): Two canals arise from pulp 
chamber which join and terminate into one.

• Type III (1-2-1): One canal arises from pulp 
chamber and during its course divides into two. 
These two canals again join into one before 
exiting from apex.

• Type IV (2-2): Two canals run separately from 
orifice to apex. 

• Type V (1-2): One canal arises from floor of 
pulp chamber and during its course divides into 
two.

1. On Demand Cybermed.Co., Seoul, Korea.

• Type VI (2-1-2): Two canals start from pulp 
chamber, during its course; they unite into one 
and then again divide into two before exiting 
from root apex.

• Type VII (1-2-1-2): One canal leaves the pulp 
chamber then divides into canals and again 
unite into in its course and finally divides into 
two before exiting from apex.

• Type VIII (3-3): Three canals leave the pulp 
chamber and run independently towards the 
apex (14).

IV. Clearing and staining technique: 

After imaging, the teeth were removed from the 
wax models and prepared for clearing and staining 
according to ToMar et al. (15) recommendations. 
First, the root surfaces were debrided with a curette. 
Then endodontic accesses were prepared for all 
teeth and the pulp tissue was removed with a barbed 
broach. The teeth were immersed in 3.25% sodium 
hypochlorite over night to remove adherent soft 
tissue. The teeth were then rinsed under running 
water. A 30-gauge endodontic irrigation needle 
was used to inject Indian ink2 into the root canal 
system. The teeth were decalcified in 5% nitric 
acid for 3 days. After completion of decalcification, 
the teeth were washed under running tap water. 
The teeth were then dehydrated using ascending 
concentrations of ethyl alcohol starting with 70% 
for 12h, followed by 90% for an hour and 100% for 
1hour. The dehydrated specimens were afterwards 
placed in methyl salicylate which made them 
transparent after approximately 2 hours. Once the 
teeth were cleared and stained, the mesiobuccal 
root canal types for all teeth were visually evaluated 
twice by each investigator (observer 1 and observer 
2) based on Vertucci (14) classification at two weeks’ 
interval period.

2. GRM5259-23ML, HIMEDIA Co., Indian Ink. 
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Statistical analysis

The morphology of MB root canals obtained 
directly from the clearing and staining technique 
(gold standard) and standard resolution CBCT scans 
were collected, checked, revised, and organized 
in tables and figures using Microsoft Excel 2016. 
The collected data was checked for outliers, then, 
was analyzed and described statistically using 
SPSS for Mac OS version 26.0. For both inter and 
intra-observer reliability analysis, Cronbach’s alpha 
reliability coefficient and Intra-Class Correlation 
Coefficient (ICC) was applied. Significance level 
was set at P < 0.05

The association between records obtained from 
CBCT standard resolution in comparison to gold 
standard were assessed using Monte-Carlo test to 
analyze the relation between the standard resolution 

Table (1) Cronbach’s alpha and Inter-Class Correlation Coefficient (ICC) for intra-observer agreement.

Measurement Observer
Resolution/ readers Intra-observer agreement Difference

Sign.
r1 r2 Cronbach’s alpha ICC value %

Clearing
1 3.274 3.205 0.986 0.972 -0.068 -0.021 <0.001***

2 3.270 3.324 0.996 0.992 0.054 0.017 <0.001***

Standard
1 3.056 3.042 0.987 0.974 -0.014 -0.005 <0.001***

2 3.000 3.014 0.993 0.987 0.014 0.005 <0.001***

* Significant at p<0.05; ** highly significant at p<0.01; *** highly significant at p<0.001

Table (2). Cronbach’s alpha and Inter-Class Correlation Coefficient (ICC) for inter-observer agreement.

Measure
Resolution/ observers Inter-observer agreement Difference

Sign.O1
Mean±SD

O2
Mean±SD Cronbach’s alpha ICC value %

Clearing 3.06±1.71 3.12±1.79 0.975 0.951 0.068 0.022 <0.001***

Standard 3.24±1.80   3.24±1.77 0.951  0.907      0.058 0.018 <0.001***

High 3.05±1.78 3.01±1.69 0.958 0.920 -0.042 -0.014 <0.001***

* Significant at p<0.05; ** highly significant at p<0.01; *** highly significant at p<0.001

CBCT and the gold standard in detection of MB 
root canal types.

The diagnostic accuracy represents the accurate 
detection of the MB root canal type by standard 
resolution CBCT. The sensitivity values were 
calculated in order to reveal the power of the test to 
detect MB root canal morphology. The specificity 
values were also calculated with 95% confidence 
limit for standard resolution CBCT scans.

RESULTS

The obtained results indicated very good intra- 
and inter-observer agreement regarding to the 
detection of mesiobuccal root canal types by the 
two statistical methods (Cronbach’s alpha values > 
0.950 and interclass correlation (ICC) > 0.9) for all 
assessments. (Table 1,2)
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Concerning the correlation between standard 
resolution CBCT and GS regarding all different 
MB root canal types, a high significant correlation 
was noticed as evidenced by Monte-Carlo 
test(P=<0.001*). As regards canal Type I, standard 
CBCT resolution showed 17 similar cases to the 
GS (100%). For canal type II, standard CBCT 
resolution showed 12 similar cases out of the 14 
cases detected by the GS (85.7%) in addition, there 
were 2 cases misdiagnosed as type I and IV. For 
canal Type III, standard CBCT resolution showed 
3 similar cases GS (100%) while for canal type 

IV, standard CBCT resolution showed similarity in 
25 out of 28 cases (89.3%) and there were 3 cases 
misdiagnosed as type I and II. For canal type V, 
standard CBCT resolution showed similarity in 5 out 
of 9 cases (55.6%) and 4 cases were misdiagnosed 
as type I and III. Regarding canal type VI, standard 
CBCT resolution showed similarity in only 1 out 
of the 3 cases (33.3%) where there were 2 cases 
misdiagnosed as types IV and V. Finally, for canal 
Type VII, standard CBCT resolution showed 4 
similar cases to GS (100%). (Table 3) (fig.1)

Table (3) Correlation between Standard resolution CBCT & Gold standard.

Standard 
resolution

Clearing technique P

Type I Type II Type III Type IV Type V Type VI Type VII

Type I 17(100%) 1(7.1%) 0(0%) 2(7.1%) 2(22.2%) 0(0%) 0(0%)

<0.001*

Type II 0(0%) 12 (85.7%) 0(0%) 1(3.6%) 0(0%) 0(0%) 0(0%)

Type III 0(0%) 0(0%) 3(100.0%) 0(0%) 2(22.2%) 0(0%) 0(0%)

Type IV 0(0%) 1(7.1%) 0(0%) 25(89.3%) 0(0%) 1(33.3%) 0(0%)

Type V 0(0%) 0(0%) 0(0%) 0(0%) 5(55.6%) 1(33.3%) 0(0%)

Type VI 0(0%) 0(0%) 0(0%) 0(0%) 0(0%) 1(33.3%) 0(0%)

Type VII 0(0%) 0(0%) 0(0%) 0(0%) 0(0%) 0(0%) 4(100.0%)

Data expressed as frequency (Number-percent), P: Probability, Test used: Monte-Carlo.

Fig. (1)  Bar chart showing correlation between Standard resolution CBCT & gold standard.
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Upon comparing the sensitivity, specificity, and 
accuracy of standard CBCT resolution to the gold 
standard in the detection of MB root canal anatomy, 
standard resolution CBCT showed 86.3%, 98% and 
96.6%, respectively. (Table 4)

Table (4) Showing sensitivity, specificity, accuracy 
of the CBCT standard resolution as compared to 
the gold standard in detection of MB root canal 
anatomy.

 Standard Resolution

TP 69

FP 11

Sensitivity 86.3%

specificity 98.03%

Accuracy 96.6%

(TP) True Positive: correct identification of a certain 
root canal type,

(FP) False positive: misdiagnosing of a certain root 
canal type.

DISCUSSION

Radiographs could be considered the only 
noninvasive mean that provide clues about the 
morphology of root canal systems. They have been 
proven to be simple, fast, and require minimal 
equipment. In recent years, the use of cone-beam 
computed tomography has expanded in different 
fields of dentistry. Its three-dimensional nature leads 
to better observation of root canal morphology. (15) 
Despite having the advantage of providing three-
dimensional images, it imposes higher doses to 
patient compared to other conventional and digital 
radiographs. Therefore, the present study was 
conducted to assess the diagnostic accuracy of 
standard CBCT resolution mode for the accurate 
detection of root canal anatomy of MB canals 

in maxillary molars compared to clearing and 
staining technique which was considered as “the 
gold standard”, so that, the patient radiation dose 
in CBCT examinations can be decreased, as much 
as possible.

The sample size was statistically calculated 
before conducting the study to ensure that the 
obtained results were applicable, true, and not 
coincidental. Seventy-eight maxillary molars were 
found to be sufficient in this study, they were selected 
based on specific criteria (11). Permanent maxillary 
1st and 2nd molars with intact and mature roots, 
without fractures (to be sure of the interpretation 
and not to be interfered by the presence of a fracture 
or crack), root caries or resorption, open apices and 
endodontic treatment teeth to avoid metallic artifact 
production and scattering that could adversely affect 
the accuracy of imaging (16).

It was advocated in the preoperative recommen-
dations of the position statement by AAE (American 
Academy of Endodontists) and AAOMR (Ameri-
can Academy of Oral and Maxillofacial Radiology) 
that limited FOV CBCT should be considered the 
imaging modality of choice for initial diagnosis and 
treatment of teeth with the potential for extra canals 
and suspected complex morphology, such as man-
dibular anterior teeth, maxillary and mandibular 
premolars and molars, and dental anomalies. There-
fore, CBCT with limited FOV (5×5 cm) has been 
the choice in the present study (17), additionally, a 
limited FOV is preferred to reduce scatter artifacts, 
according to the recommendations of Prasad et al. 
(18) At the same time, we standardized our imaging 
technique by keeping all other exposure parameters 
fixed (90kVp,10 mA).

The ability of CBCT to display anatomic features 
and pathology is influenced by various factors such 
as: the field of view, the tube voltage and amperage, 
and also the voxel size. The advantages of using 
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small FOV for endodontic applications were 
evaluated in a systematic review by Borges et al. 

(19) who stated that images obtained by using a small 
FOV have higher spatial resolution, owing to the 
smaller voxel size, aiding in root canal morphology 
visualization in addition to the low exposure dose 
and shorter reconstruction time.

Many authors based their studies on using CBCT 
with voxel size 200 µm in endodontic treatment 
purposes. Martins et al. (20) reported high accuracy 
of CBCT at this voxel size to detect MB2 canal in 
maxillary molars. Moreover, MacDonald et al. (21) 
declared that voxel size should not exceed 200 µm, 
which is the same as the average width of the peri-
odontal ligament space, to allow each root and its 
surrounding structures to be evaluated. Therefore, 
in line with the above data and the studies conduct-
ed by Naseri et al. (10) and Kongkiatkool et al. (22), the 
voxel size used in the study in hand was 0.15 mm.

CBCT scans were analyzed in the 3 planes; the 
axial sections were the most useful plane to detect 
the root canal anatomy where images were adjusted 
perpendicular to the long axis. Moreover, canals 
were assessed in one additional plane either the 
sagittal or the coronal. The method of analysis used 
in our study was applied by several researchers like 
Domark et al. (23)

The canal’s division location is usually described 
at the respective one-third limit as Wolf et al. (24) 

described in their study. They assessed the location 
of the canal’s division, in respect to corresponding 
three thirds of the root seeking a detailed description 
of the root canals, and this was precisely followed 
in our study.

The transparent tooth model clearing technique 
provides the greatest information of the original 
form and anatomy of the root canals. Hence, it 
was used in the present study as a gold standard. 

The same technique was used by Kajan et al. (25), 
Dinakar et al. (26), in the determination of root canal 
morphology of maxillary first premolars, different 
maxillary and mandibular teeth, respectively.

Evaluation of root canals morphology obtained 
from CBCT scans and clearing technique was made 
by two radiologists independently blinded to the 
results of each other in two different sessions and 
were repeated two weeks later according to the 
recommendation of Shokri et al. (11) to calculate 
intra-observer and inter-observer reliability. Root 
canal morphology was classified according to 
Vertucci’s (14) classification, being the most common 
classification and is beneficial when categorizing 
most canal configurations.

The results of the current study showed very 
good intra-observer and inter-observer agreement 
regarding all MB root canal types obtained from gold 
standard and standard CBCT resolution scans which 
indicates the high reliability and reproducibility of 
the current technique used for assessment.

There was a non-significant difference between 
standard resolution and clearing technique, with a 
highly significant correlation regarding detection 
and classification of root canal morphology. 
Standard resolution CBCT recorded all MB root 
canals type I, III and VII with 100% accuracy. Also, 
it recorded type II and IV in 85.7% and 89.3% of 
cases, where one case type II was misdiagnosed as 
type IV, and 2 cases type IV were misdiagnosed as 
type II and VI respectively.

This misinterpretation detected by CBCT may be 
attributed to the small diameter of the mesiobuccal 
root canals and low contrast of the image of the root 
canal against the thickness of the root, such factors 
may contribute to the relative lower accuracy of 
CBCT in revealing certain root canal forms.
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In the assessed maxillary molars after clearing 
and staining technique, two canals were found to 
extend from their pulp chamber proper, join within 
the root’s body, and divide into two separate canals 
adjacent to the apex. CBCT images were unable to 
reveal such canal’s redivided part, probably due to 
the divided part being covered by the fusion part in 
the same CBCT section, therefore, a type VI canal 
was misdiagnosed as type II (22).

In addition, type II and VI may faulty be diag-
nosed as type IV due to intra-canal pulpal calcifica-
tions, as suggested by Kongkiatkool et al. (22), that 
were visible in their study using multi-slice CT, 
(MCT) but these appeared to be splits in the canals 
(that is, two canals) with CBCT. 

The error in canal classification might also be 
due to the fact that the teeth were extracted for 
therapeutic purposes, and the current study evaluated 
them regardless of the exact cause of each tooth 
extraction. This is significant because some teeth 
may experience irritation for a long time, which 
can stimulate the canals, resulting in the formation 
of reactionary dentin or other calcifications, which 
may lead to difficulty in accurately detecting the 
canal in CBCT (27).

In addition, standard resolution CBCT correctly 
recorded type V and VI in 55.6% and 33.3% of 
cases, where two cases type V were classified 
as type I by CBCT. This may be due to that the 
single canal observed in this tooth leaves the pulp 
chamber proper and divides into two separate canals 
near the root apex with separate apical foramina. 
CBCT images were unable to identify the lingual 
one (MB2), possibly due to the canal’s smaller 
diameter than CBCT voxel size. Moreover, the 
scanned images’ noise from the surrounding hard 
tissues may have contributed to some effects and 
misinterpretations (22).

Also, two cases type V were misclassified as type 
III, and two cases type VI were faulty classified as 
type IV and V. This may be due to presence of root 
canal configuration (RCC) with some complexities 
or irregularities that may be divided by or joined 
with a very acute angle, or contained within a very 
small, divided canal. When combined with low 
resolution, or some anatomical noise of CBCT, 
identifications of such root canal configuration 
(RCC) may be unsuccessful (22).

Results of the current study reveal the high 
diagnostic accuracy of standard resolution CBCT 
(96.6%) in detecting MB root canal morphology 
with reduced radiation exposure. Similar results 
were concluded by Yeung et al. (28) who implied that 
CBCT scans with a low-dose protocol are adequate 
for evaluation of most root canal systems.

Additionally, Kongkiatkool et al. (22) conducted a 
study to compare the accuracy of digital periapical 
radiography (DPR) and cone beam computed 
tomography (CBCT) (with a voxel size of 0.125 
mm) in evaluating the root canal configuration 
(RCC) of mandibular first premolars in comparison 
to gold standard by using clearing technique (CLT). 
Their results showed that CBCT gave as accurate 
evaluations of the mandibular first premolars RCC 
as CLT, while DPR provided the least accuracy.

A similar study was conducted by Naseri et al., 
(10) they investigated the accuracy of cone-beam 
computed tomography (CBCT) with 0.1 mm voxel 
size in assessment of morphology of root canal 
and apex in mandibular canines compared with the 
clearing technique. However, their results showed 
that CBCT does not have adequate accuracy for 
assessment of accessory canals in canine teeth.

Such discrepancy in results of different studies 
might be attributed to differences in methodologies, 
including the sample size, examination methods, 
classification systems, the type of CBCT device 
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and tooth type (26). Additionally, the difference in 
percentages of accuracy could be also due to the 
different populations represented in these studies 
and the variation in ages of the patients studied (29).

CONCLUSION

Standard resolution CBCT is able to detect the 
MB root canal anatomy with excellent diagnostic 
accuracy. Therefore, according to the ALARA 
principle, it should be the scan of choice when 3-D 
imaging of root canals is required.
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