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Introduction
Intraoral radiographs and cone-beam computed tomo- 

graphy (CBCT) scans are essential tools for diagnosis and 
treatment planning in endodontics. For CBCT, small fields 
of view (FOVs) are most often indicated in endodontics, 
since they allow higher resolution and a lower radiation 
dose, while providing a smaller volume of data to be inter- 
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ABSTRACT

Purpose: This study compared the root canal anatomy between cone-beam computed tomography (CBCT) and 
micro-computed tomography (micro-CT) images before and after biomechanical preparation and root canal filling.
Materials and Methods: Isthmus-containing mesial roots of mandibular molars (n=14) were scanned by micro-CT 
and 3 CBCT devices: 3D Accuitomo 170 (ACC), NewTom 5G (N5G) and NewTom VGi evo (NEVO). Two calibrated 
observers evaluated the images for 2-dimensional quantitative parameters, the presence of debris or root perforation, 
and filling quality in the root canal and isthmus. The kappa coefficient, analysis of variance, and the Tukey test were 
used for statistical analyses (α=5%).
Results: Substantial intra-observer agreement (κ=0.63) was found between micro-CT and ACC, N5G, and NEVO. 
Debris detection was difficult using ACC (42.9%), N5G (40.0%), and NEVO (40%), with no agreement between 
micro-CT and ACC, N5G, and NEVO (0.05<κ<0.12). After biomechanical preparation, 2.4%-4.8% of CBCT images 
showed root perforation that was absent on micro-CT. The 2D parameters showed satisfactory reproducibility between 
micro-CT and ACC, N5G, and NEVO (intraclass correlation coefficient: 0.60-0.73). Partially filled isthmuses were 
observed in 2.9% of the ACC images, 8.8% of the N5G and NEVO images, and 26.5% of the micro-CT images, with 
no agreement between micro-CT and ACC, and poor agreement between micro-CT and N5G and NEVO. Excellent 
agreement was found for area, perimeter, and the major and minor diameters, while the roundness measures were 
satisfactory.
Conclusion: CBCT images aided in isthmus detection and classification, but did not allow their classification after 
biomechanical preparation and root canal filling. (Imaging Sci Dent 2022; 52: 245-58)
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preted.1-3 After image reconstruction, CBCT software  
allows dynamic navigation in multiple planes, enabling 
quantitative 2-dimensional (2D) and 3-dimensional (3D) 
measurements regarding length, area, perimeter, and vol-
ume, aiding in the diagnosis and planning of endodontic 
treatment.1,2 At present, the use of CBCT in this field has 
been shown to be effective for detecting pathological con-
ditions such as fractures and resorptions, determining the 
location and extension of periapical lesions, evaluating per-
forations, and investigating additional/accessory canals and 
roots.1-5

Micro-computed tomography (micro-CT) scanners are 
often used in laboratory research and have similar general 
characteristics to CBCT devices (e.g., beam shape and a 
flat panel detector), but micro-CT involves a smaller FOV, 
a higher radiation dose, a longer scanning time, and a criti-
cal hardware setup.6-8 Although micro-CT scanners are not 
clinically applicable, several aspects regarding the use of 
CBCT have been developed and improved based on knowl-
edge gained from micro-CT. For endodontics, the use of 
high-resolution 3D data has facilitated a better understand-
ing of anatomical challenges, such as flattening, curvature, 
lateral and accessory canals, apical deltas, and isthmuses, 
as well as the cleaning, shaping and filling procedures of 
the root canal system (RCS),5,8,9 offering better insights 
into anatomy, pathology, and anticipated endodontic strat-
egies.5,8,9-11 Among the anatomical variations of the root  
canal, studies have shown that in spite of development of 
new systems and protocols for cleaning and shaping, isth-
muses in root canals continue to be areas that are inaccessi-
ble to instruments, resulting in debris accumulation and the 
maintenance of necrotic pulp tissue and microorganisms 
inside the RCS, affecting 3D filling and, consequently, 
clinical outcomes.10,11 

Bearing in mind the valuable contributions of micro-CT 
images in terms of resolution and reduced artifacts, several  
studies have assessed the accuracy of CBCT images for 
anatomical assessment, evaluation of biomechanical prepa-
ration, and RCS filling. This has led to a deeper under-
standing of the potential, optimized use, and limitations of 
CBCT, allowing this modality to be used in a manner that 
facilitates diagnosis and endodontic planning.6,12-15 

However, some aspects regarding the diagnostic per-
formance of CBCT during endodontic treatment remain 
unclear. Furthermore, due to the varying technical specifi-
cations of different CBCT devices, the consistency in diag-
nostic performance between CBCT systems and the effects 
of these specifications remains unclear. 

The purpose of this study was to evaluate the perfor-

mance of CBCT for the diagnosis and classification of isth-
muses, and for assessing the cleaning, shaping, and filling 
of mesial roots of mandibular molars with isthmuses, using 
CBCT scanners with different technical specifications (tube 
current, tube voltage, exposure time, FOV size, and voxel 
size) compared to micro-CT as the gold standard.

 

Materials and Methods
After Research Ethics Committee approval (CAAE no. 

80666517.2.0000.5419), 80 extracted mandibular human 
molars were collected from the teeth biobank of the Fac-
ulty of Dentistry of Ribeirão Preto, with complete rhizo-
genesis and a healthy root structure. For a criterion-based 
sample selection, the teeth were initially scanned with a 
SkyScan 1173 device (SkyScan, Kontich, Belgium). After 
scanning, 14 teeth with mesial roots that had 2 independent 
canals and the presence of isthmuses, while being free of 
pulp nodules and internal and/or external resorption, were 
selected. Only teeth with a moderate angle of curvature 

(between 10° and 20°), as measured using ImageJ (National 
Institutes of Health, Bethesda, MD, USA), were selected.

For the purpose of rehydration, teeth were identified and 
individually inserted into plastic receptacles containing 1 

mL of saline solution and stored at 37℃ and 95% relative 
humidity for 72 hours. 

Biomechanical preparation of root canals
The crowns of teeth were maintained in order to clini- 

cally replicate the position of insertion and movement of 
endodontic instruments within the root canals. Access sur-
gery was performed with a spherical drill #3 and an Endo 
Z drill bit driven by a high-speed motor. Each mesial canal 
was irrigated with 1 mL of 2.5% sodium hypochlorite using 
a NaviTip 30-gauge needle (Ultradent Products Inc., South 
Jordan, UT, USA). The canals were explored with a pre-
curved #10 stainless steel manual K-file (Dentsply Maille-
fer, Ballaigues, Switzerland) that was carefully introduced 
into the canal until its tip coincided with the apical fora-
men, confirming the patency of the canal. From this length, 
0.5 mm was subtracted to establish the working length. 
Cervical preparation was performed with a ProTaper Gold 
SX (Dentsply, Maillefer, Ballaigues, Switzerland) in con-
tinuous rotation (300 rpm, 5.10 N-cm). The instrument was 
introduced once, in the direction of the long axis of the 
tooth, to a depth corresponding to one-third of the working 
length, for 15 s, allowing direct access to the canal. After 
this, the canal was irrigated, aspirated and constantly flood-
ed with 1 mL of 2.5% sodium hypochlorite.
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Patency was performed at the working length, using 
manual #15 and #20 endodontic files (Dentsply, Maillefer, 
Ballaigues, Switzerland). The canals were prepared using a 
sequence of ProTaper Gold instruments S1 and S2 (Dents- 
ply, Maillefer, Ballaigues, Switzerland), with in-and-out 
movements against the walls of the root canal in continu-
ous rotation, for 15 s. Then, ProTaper Gold F1, F2, and F3 
files were used (Dentsply, Maillefer, Ballaigues, Switzer-
land), with continuous movements of insertion and removal  
within the root canal, for 15 s, until the working length was 
reached. The instruments were mechanically driven by an 
X-Smart Plus 6 : 1 contra-angle (Dentsply, Maillefer, Bal-
laigues, Switzerland) coupled to a handpiece adapted to 
an X-Smart Plus electric motor (Dentsply, Maillefer, Bal-
laigues, Switzerland). The canals were prepared following 
the recommendations of the manufacturer of the ProTaper 
Gold system, with pre-defined parameters of torque and 
velocity corresponding to each instrument.

During the entire preparation, at each instrument change, 
the root canal was irrigated, aspirated, and flooded with 1 

mL of 2.5% sodium hypochlorite using a Navitip 30-gauge 
needle (Ultradent Products Inc., South Jordan, UT, USA) 
adapted to the disposable plastic syringe, totaling 5 mL of 
solution in each canal.

Post-instrumentation scanning
First, the specimens were wrapped in paraffin and moist- 

ened with saline solution to prevent dehydration and con-
sequent formation of microcracks and then they were scan- 
ned using a SkyScan 1173 device (SkyScan, Kontich, Bel-
gium). The acquisition parameters were adjusted to 130 

kV, 61 μA, voxel size of 12 μm, 360° of rotation, rotation 
step of 0.4°, 4 frames per rotation step. A bronze filter with 
thickness of 0.25 mm was used. The total scan time was 
1.5 hours per sample. After the scans, the specimens were 
again stored in an oven (37°C, 95% relative humidity).

The images were reconstructed using NRecon v1.6.6.0 
software (Bruker, Kontich, Belgium). Ring artifact correc-
tion with a value of 15 (range: 0-20), beam hardening cor-
rection of 30% (range: 0-100%), and a smoothing setting of 
3 (range: 0-10) was applied. Reconstructed axial sections 
were saved in 14-bit DICOM format.

In order to simulate hard and soft tissues, a dry human 
mandible covered with a soft tissue simulator (MixD) was 
prepared,16 and subsequently, the teeth were positioned 
within an enlarged alveolus. Each specimen was scanned 
using the following CBCT devices: 1. 3D Accuitomo 170 

(J. Morita, Kyoto, Japan) 2. NewTom 5G (QR Verona,  
Verona, Italy) and 3. NewTom VGi evo (QR Verona, Vero-

na, Italy). High-resolution protocols were selected accord-
ing to each machine: 3D Accuitomo 170 (ACC): 5 mA, 90 

kV, FOV of 4×4 cm, voxel size of 0.08 mm, exposure time 
of 30.8 s; NewTom 5G (N5G): 4.41 mA, 110 kV, FOV of 
4×4, voxel size of 0.1 mm, exposure time of 7.3 s; New-
Tom VGi evo (NEVO): 3 mA, 110 kV, FOV of 5×5, voxel 
size of 0.1 mm, exposure time of 7.3 s. 

Root canal filling 
Prior to filling, 17% EDTA was applied in the canals for 

3 minutes, followed by final irrigation with 10 mL of 2.5% 
sodium hypochlorite. Subsequently, specimens were dried 
with capillary tip aspiration cannulas (Ultradent, South 
Jordan, UT, USA) followed by F3 absorbent paper cones 

(Dentsply, Maillefer, Ballaigues, Switzerland) up to the 
working length and filled by means of thermoplastic con-
tinuous wave compaction (System B, Analytic Technology, 
Redmond, WA, USA). 

AH Plus root canal sealer (Dentsply, Konstanz, Germany)  
was handled according to the manufacturer’s recommen-
dations, and a gutta-percha cone previously filled with 
sealer was gradually introduced up to the working length.  
Excess filling material was removed from the root canal ent- 
rance with a preheated fine medium condenser (Buchanan  
Plugger .08 Taper, SymbonEndo, Glendora, CA, USA) 
coupled with a Denjoy heat generating device (Denjoy 
Dental Co. Ltda, Changsha, Hunan, China). Then, with 
the gutta-percha still in a plasticized state, vertical con-
densation of the cone inside the root canal was performed 
with a cold manual condenser number 2 (Hand Pluggers  
Buchanan, SybronEndo, Glendora, CA, USA) with light but 
firm pressure in the apical direction for 5 s. Then, a heated  
Fine condenser (Buchanan Plugger .06 Taper, SybronEndo,  
Glendora, CA, USA) was used to make a cut at 3 mm of 
the working length (down-packing), in order to maintain 
the filling in the apical third only.

For filling the cervical and middle thirds, AH Plus 

(Dentsply, Konstanz, Germany) was placed on the walls 
of the root canal with the aid of an endodontic manual file 
type K #25 (Dentsply, Maillefer, Ballaigues, Switzerland), 
followed by injection of plastic gutta-percha, and cold ver-
tical condensation was performed with a #2 manual con-
denser (Hand Pluggers Buchanan, SybronEndo, Glendora, 
CA, USA).

Post-filling scan
After filling, the specimens were subjected to a post-fill-

ing micro-CT examination. Subsequently, the specimens 
were repositioned in the human mandible, respecting the 
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same initial and post-test positions, and were subjected to a 
post-filling CBCT examination using the same parameters 
as previously described in the initial acquisition.

Image processing
For registration of the images of the 3 experimental 

phases (initial, post-preparation, and post-filling), MeVis-
Lab software (MeVis Medical Solutions AG, Bremen, Ger-
many) was used, using micro-CT scans (initial, post-prepa-
ration and post-filling, respectively) as fixed images and 
CBCT scans as moving images. 

First, a region of interest (ROI) was selected and saved in 
the DICOM/TIFF format. After ROI selection, automatic 
registration was performed using “MTMScaffoldStrain” 

(KU Leuven, Belgium), in order to allow subsequent quan-
titative and qualitative analysis.

Quantitative analysis
The analysis was performed with CTAn software v.1. 

11.4.2 (SkyScan, Kontich, Belgium) using the Individual 
Object Analysis (2D space) plug-in. The following 2D para- 
meters were measured: perimeter, area (mm2), roundness, 
major and minor diameters (mm), and radicular sections of 
axial sections, at 3 root levels (cervical, middle and apical), 
totaling 9 measurements for each specimen, and then avera- 
ging the parameters for the root canal as a whole. 

Qualitative analysis 
Sections were grouped into 2 phases (post-preparation 

[n =14] and post-filling [n =14]) and into thirds (cervical 

[n=14], middle [n=14], and apical [n=14]) and arranged 
randomly in different slides in PowerPoint (Microsoft, 
Redmond WA, USA) for a subsequent blind evaluation. 
A random number generator (https://www.random.org/
lists) was used to generate a random sequence of images. 
Thus, 42 images per device were evaluated considering the  
entire root canal. For isthmus evaluation, 7 images refer-
ring to the apical third were not evaluated because they did 
not present an isthmus, totaling 35 images evaluated per 
device.

The qualitative assessment was performed by 2 quali-
fied endodontic observers with experience in micro-CT 
and CBCT image analysis using a personal computer with  
a screen resolution of 1920×1080 (Inspiron 15″ 7568, Dell 
Computadores do Brasil Ltda, Eldorado do Sul, RS, Bra-
zil). The process of observer calibration consisted of eval-
uating 20% of the total images, randomly selected, with a 
kappa value of 0.91 for intra-examiner agreement and 0.92 
for inter-examiner agreement. The observers performed the 

qualitative analysis in two sessions, at least 15 days apart, 
in a dark room free of ambient noise. The brightness and 
contrast of the images were optimized for visualization of 
the qualitative parameters. The morphology of the RCS 
was classified as reported by Vertucci (1984),17 and the 
isthmus morphology was classified according to Hsu and 
Kim’s classification (1997).18 The scores used during the 
root canal evaluations are detailed in Table 1. For the eval-
uation of the post-instrumentation images, the presence or 
absence of debris in the root canal and in the isthmus area 
was analyzed, and so was the presence of perforation (Fig. 
1A). For the post-filling images, the presence or absence of 
root canal filling defects, the filling quality in the isthmus 
areas, and the presence or absence of perforation were ana-
lyzed (Fig. 1B). The examiners also evaluated their ability 
to perform a diagnosis on 80 randomly selected axial sec-

Table 1. Scores used to evaluate the presence of debris, root per-
foration and the filling ability in the root canals and isthmus area

Debris in 
root canals

1 - Absent 
2 - Present 
3 - Image does not permit adequate diagnosis 

Debris in 
isthmus area

1 - Absence of debris 
2 - Isthmus partially filled with debris 
3 - Isthmus completely filled with debris 
4 -  Image does not permit adequate diagnosis of 

the presence of debris
5 - Isthmus not detectable

Root canal 
perforation

1 - Absent 
2 - Present 
3 - Image does not permit adequate diagnosis

Root canal 
system filling

1 - Absence of filling defects* 
2 - Presence of defects* of filling material
3 -  Presence of defects* at the filling/dentin 

interface 
4 -  Presence of defects* of the filling material 

and at the dentin interface
5 - Image does not permit adequate diagnosis 

Isthmus area 
filling

1 - Absent filling material 
2 - Isthmus partially occupied by filling material 
3 -  Isthmus completely occupied by filling 

material 
4 -  Image does not permit adequate diagnosis of 

filling material
5 - Isthmus not detectable

Root canal 
perforation

1 - Absent 
2 - Present 
3 - Image does not permit adequate diagnosis 

*Voids in the filling material and misalignment at the filling/dentin wall 
interface.
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tions at different phases of endodontic treatment. For each 
image, the examiners graded the confidence level of their 
response with respect to diagnostic ability on a scale from 
0 to 6, where 0 was “not confident” and 6 was “extremely 
confident.”

Statistical analysis 
Quantitative data for area, perimeter, roundness, major  

diameter and minor diameters were initially subjected to  
tests of normality (Shapiro-Wilk) and homogeneity of vari-
ance (Levene test). After the normality and homogeneity of 
the sample distribution were verified, the data were subject-
ed to 1-way analysis of variance to evaluate the influence 

of the scanner (micro-CT, ACC, N5G, and NEVO) and the  
Tukey test for multiple comparisons between groups. The 
agreement between the quantitative data between the differ- 
ent CBCT and micro-CT devices was quantified in terms 
of the intraclass correlation coefficient (ICC). The relation-
ship between the quantitative data obtained by micro-CT 
and each of the 3 CBCT devices was determined by simple 
linear regression. 

The qualitative data were presented as frequency distribu-
tion and percentage observed, and analyzed for agreement  
between the different devices using the kappa coefficient. 
All analyses were performed in SPSS version 15.0 (SPSS, 
Inc., Chicago, IL, USA) with a 0.05 significance level.

Fig. 1. A. Continuous white arrows indicate the presence of debris in the isthmus area. B. Dotted white arrows show the quality of the isth-
mus and root canal filling. I: micro-CT, II: 3D Accuitomo 170, III: NewTom 5G, IV: NewTom VGi evo. 
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Results
Analysis of the RCS
Isthmus types IV and V were the most frequently repor- 

ted for all devices evaluated (Fig. 2). For type I (absence 
of an isthmus), CBCT showed a higher frequency (20%-
22.5%) than micro-CT (5%). In contrast, higher frequen-
cies of types II (20%) and III (10%) were observed in the 
images captured with micro-CT (Table 2, Fig. 2). 

No significant differences between the CBCT devices 
were found for the area (P =0.59), roundness (P =0.35) 
and minor diameter (P=0.10). For the perimeter, micro-CT 
showed higher values than CBCT (P<0.05). For the major 
diameter, micro-CT showed higher values than ACC and 
NEVO (P<0.05), whereas the N5G device showed major 
diameter values similar to those of micro-CT, ACC, and 
NEVO (P>0.05) (Table 3).

The simple linear regression models, presented in Figure 

3, showed significant associations between area, perimeter, 
roundness, and major diameter and the imaging modality 

(micro-CT and the various CBCT devices) (P<0.01). 
 
Analysis after biomechanical preparation of  
the root canal 
Table 4 and Figure 4 show the distribution of findings re-

garding the presence of debris in the root canal and isthmus 
area. In the evaluation by micro-CT, debris was observed 
in 40.7% of the canals. Most of the CBCT images did not 
permit a diagnosis, and among the images that did allow a 
diagnosis, the majority did not show the presence of debris 
in the root canal. The kappa test indicated moderate agree-
ment between micro-CT and the ACC and NEVO devices 

(κ=0.45 and κ=0.46, respectively). Among the CBCT 
devices, there was no agreement between N5G and ACC 

(κ=0.12), and N5G and NEVO (κ=0.06), but substantial 
agreement between ACC and NEVO (κ=0.70). 

Fig. 2. Continuous white arrows indicate the presence of the isthmus area in root canals of mandibular molars, and dotted white arrows in-
dicate the presence of debris. I: micro-CT, II: 3D Accuitomo 170, III: NewTom 5G, IV: NewTom VGi evo.
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The presence of debris was observed in 91.4% of the 
isthmuses when evaluated by micro-CT. For CBCT, 37.1% 
of the images from NEVO, 42.9% from N5G, and 45.7% 
from ACC did not permit an adequate diagnosis of the 
presence of debris (Table 4). 

Kappa analysis did not show agreement in the classifica-
tion of the presence of debris in the root canal and isthmus 
after biomechanical preparation between the micro-CT and 
the CBCT devices (0.05<κ<0.12). Among the CBCT de-

vices, moderate agreement was observed between N5G and 
ACC (κ=0.45) and between N5G and NEVO (κ=0.42), 
while substantial agreement was found between ACC and 
NEVO (κ=0.65). Root canal perforation was detected in 
0% of the micro-CT images, whereas the presence of per-
foration was reported in around 2.4%-4.8% of the images 
captured with the CBCT devices (Table 5).

The quantitative analysis of area, perimeter, roundness, 
and the major and minor diameters after biomechanical 

Table 2. Classification of the root canal system morphology of the mesial root of mandibular molars [n (%)] according to Vertucci and the 
type of isthmus according to Hsu and Kim, for the different devices evaluated

Devices
Vertucci’s morphology

I II III IV V VII II-I-II-I I-II-I-II-I

Micro-CT 5 (35.8) - 2 (14.3) 2 (14.3) 3 (21.4) - 1 (7.1) 1 (7.1)
3D Accuitomo 170 3 (21.4) 1 (7.1) 3 (21.4) 2 (14.3) 2 (14.3) 2 (14.3) 1 (7.1) -

NewTom 5G 3 (21.4) 1 (7.1) 3 (21.4) 2 (14.3) 2 (14.3) 2 (14.3) 1 (7.1) -

NewTom VGi evo 3 (21.4) 1 (7.1) 3 (21.4) 2 (14.3) 2 (14.3) 1 (7.1) 1 (7.1) 1 (7.1)

Devices
Isthmus morphology

I II III IV V

Micro-CT 2 (5.0) 8 (20.0) 4 (10.0) 12 (30.0) 14 (35.0)
3D Accuitomo 170 8 (20.0) 2 (5.0) - 13 (32.5) 17 (42.5)
NewTom 5G 9 (22.5) 5 (12.5) 1 (2.5) 10 (25.0) 15 (37.5)
NewTom VGi evo 9 (22.5) 3 (7.5) - 14 (35.0) 14 (35.0)

Table 3. Values of area (mm2), perimeter (mm), roundness (mm), and the major and minor diameters (mm) before and after root canal bio-
mechanical preparation and after root canal filling

Devices Area Perimeter Roundness Major diameter Minor diameter

Root canal 
before 
biomechanical 
preparation

Micro-CT 0.51±0.46A 3.68±2.14A 0.41±0.24A 1.44±0.94A 0.47±0.20A

3D Accuitomo 170 0.43±0.54A 2.40±2.27B 0.36±0.29A 0.95±0.97B 0.38±0.30A

NewTom 5G 0.45±0.50A 2.57±2.13B 0.37±0.26A 1.01±0.90AB 0.43±0.28A

NewTom VGi evo 0.39±0.52A 2.16±2.19B 0.31±0.26A 0.85±0.02B 0.35±0.30A

P value 0.59 0.01 0.35 0.05 0.1

Root canal 
after 
biomechanical 
preparation

Micro-CT 0.50±0.37A 2.85±1.53A 0.72±0.24A 0.94±0.59A 0.67±0.23A

3D Accuitomo 170 0.51±0.43A 2.77±2.64A 0.66±0.25A 0.92±0.63A 0.58±0.28A

NewTom 5G 0.47±0.39A 2.52±1.43A 0.71±0.21A 0.87±0.59A 0.63±0.25A

NewTom VGi evo 0.49±0.42A 2.57±1.52A 0.67±0.22A 0.89±0.60A 0.63±0.28A

P value 0.92 0.51 0.28 0.90 0.19

After 
root canal 
filling

Micro-CT 0.64±0.50A 3.27±1.65A 0.70±0.20A 1.10±0.66A 0.77±0.23A

3D Accuitomo 170 0.45±0.48AB 2.40±1.62B 0.67±0.20A 0.90±0.68AB 0.57±0.27B

NewTom 5G 0.38±0.54B 2.10±1.83B 0.57±0.24B 0.75±0.71B 0.46±0.32B

NewTom VGi evo 0.42±0.45B 2.23±1.63B 0.64±0.24AB 0.80±0.67B 0.52±0.27B

P value 0.009 <0.001 0.009 0.12 <0.001

Different letters indicate statistically significant differences according to the Tukey test (P<0.05) for the different parameters evaluated.
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preparation is presented in Table 3. There were no signifi- 
cant differences among micro-CT and the CBCT devices 

(Table 3). 
For area, perimeter, roundness, and the major and minor 

diameters, the CBCT devices showed satisfactory repro-
ducibility when compared to micro-CT (0.60<ICC<0.73). 
Among the CBCT devices, excellent reproducibility was 
observed for area, perimeter, and the major and minor dia- 
meters (ICC≥0.75) and satisfactory reproducibility for 

roundness (0.69<ICC<0.73). The simple linear regression  
models are shown in Figure 5. For the perimeter and major  
diameter, the linear regression models showed high regres-
sion coefficients between micro-CT and N5G (0.80 and 
0.86, respectively), whereas the linear regression models 
between micro-CT and ACC and between micro-CT and 
NEVO yielded lower regression coefficient values (0.57 
and 0.7, respectively) (Fig. 3). For roundness (0.36-0.54) 
and minor diameter (0.65-0.73) a higher regression co-

Table 4. Classification of the presence of debris in the root canal and in the isthmus area [n (%)] after biomechanical preparation

Devices
Debris in the root canal

Absent Present Indeterminate

Micro-CT 24 (57.1) 17 (40.5) 1 (2.4)
3D Accuitomo 170 6 (14.3) - 36 (85.7)
NewTom 5G 13 (31) 2 (4.8) 27 (64.3)
NewTom VGi evo 18 (42.9) 2 (4.8) 22 (52.4)

Devices
Debris in the isthmus

Absent Partially filled Completely filled Indeterminate Not detectable

Micro-CT 3 (8.6) 7 (20.0) 25 (71.4) - -

3D Accuitomo 170 2 (5.7) - 2 (5.7) 16 (45.7) 15 (42.9)
NewTom 5G 1 (2.9) - 5 (14.3) 15 (42.9) 14 (40.0)
NewTom VGi evo 3 (8.6) 1 (2.9) 4 (11.4) 13 (37.1) 14 (40.0)

Fig. 3. Linear regression models for images obtained before biomechanical root canal preparation. A. Linear regression values between  
micro-CT and 3D Accuitomo 170. B. Linear regression values between micro-CT and NewTom 5G. C. Linear regression values between  
micro-CT and NewTom VGi evo. I: area, II: perimeter, III: roundness, IV: major diameter, V: minor diameter.
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efficient was observed for N5G (β =0.82) than for ACC 

(β=0.63) and NEVO (β=0.64) (Fig. 5). 
Analysis after root canal filling
The results of root canal and isthmus filling quality and 

root canal perforation after filling are presented in Figure 6 
and Tables 5 and 6. Micro-CT showed an absence of voids 

in 69% of the images (Table 6, Fig. 6), whereas the ACC 
device did not allow diagnosis in 88.1% of the images, 
followed by 45.2% for the N5G device and 14.3% for the 
NEVO device (Table 6, Fig. 6). Kappa analysis indicated 
an absence of agreement among all the devices evaluated 

(0.01<κ<0.16). 

Fig. 4. White arrows indicate the presence of debris in the isthmus area in root canals of mandibular molars diagnosed with better visual-
ization on micro-CT. I: micro-CT, II: 3D Accuitomo 170, III: NewTom 5G, IV: NewTom VGi evo.

Table 5. Classification of the presence of root perforation [n (%)] after biomechanical preparation and after root canal filling

Devices Absent Present Indeterminate

Root perforation 
after 
biomechanical 
preparation

Micro-CT 42 (100.0) - -

3D Accuitomo 170 41 (97.6) 1 (2.4) -

NewTom 5G 40 (95.2) 2 (4.8) -

NewTom VGi evo 41 (97.6) 1 (2.4) -

Root perforation 
after 
root canal 
filling

Micro-CT 41 (97.6) 1 (2.4) -

3D Accuitomo 170 36 (85.7) 2 (4.8) 4 (9.5)
NewTom 5G 41 (97.6) 1 (2.4) -

NewTom VGi evo 41 (97.6) 1 (2.4) -
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For CBCT, 22.8% of the images captured by ACC, 17.1% 
of those obtained by N5G, and 11.4% of those captured 
by NEVO did not allow an adequate diagnosis of the pre- 
sence of filling material in the isthmus area, and for 45.7% 
to 48.5% of the images evaluated, it was not possible to 
detect the presence of an isthmus (Table 6). Perforation 
after root canal filling was detected in 1 tooth for micro- 
CT, N5G, and NEVO, and in 2 teeth for ACC (Table 5).

For area, perimeter, and the major and minor diameters, 
significant differences were observed between the CBCT 
devices evaluated (Table 3). For perimeter and the minor 

diameter, the micro-CT showed higher values than the 
CBCT devices (P<0.05). For area and the major diameter,  
micro-CT showed higher values than N5G and NEVO (P< 
0.05), whereas the ACC device showed values similar to  
those of micro-CT, N5G, and NEVO (P>0.05). For round- 
ness, micro-CT and ACC showed the highest values, with-
out a statistically significant difference between them (P> 
0.05). The lowest values were observed for the N5G device 

(P<0.05), whereas the NEVO device showed intermedi-
ate values, similar to those of micro-CT, ACC, and N5G 

(P>0.05) (Table 3). 

Table 6. Classification of the quality of filling [n  (%)] in the root canals and in the isthmus area

Devices 1 2 3 4 5

Root canal 
filling 
quality*

Micro-CT 29 (69.0) - 9 (21.4) 4 (9.5) -

3D Accuitomo 170 4 (9.5) - - 1 (2.5) 37 (88.1)
NewTom 5G 21 (50.0) - - 2 (4.8) 19 (45.2)
NewTom VGi evo 33 (78.6) - - 3 (7.1) 6 (14.3)

Isthmus 
filling 
quality**

Micro-CT 17 (48.6) 9 (25.7) 9 (25.7) - -

3D Accuitomo 170 1 (2.9) 1 (2.9) 9 (25.7) 8 (22.8) 16 (45.7)
NewTom 5G - 3 (8.6) 10 (28.6) 6 (17.1) 16 (45.7)
NewTom VGi evo 1 (2.9) 3 (8.6) 10 (28.6) 4 (11.4) 17 (48.5)

*Scores for the classification of root canal filling quality. 1: absence of defects, 2: presence of defects in the filling material, 3: presence of defects at the 
filling/dentin wall interface, 4: presence of defects in the filling material and the dentin interface, 5: image does not allow adequate diagnosis. **Scores for 
classification of filling quality in the isthmus. 1: filling material absent, 2: isthmus partially filled with filling material, 3: isthmus completely filled with filling 
material, 4: image does not allow adequate diagnosis of filling material, and 5: not detectable.

Fig. 5. Linear regression models for images obtained after biomechanical root canal preparation. A. Linear regression values between 
micro-CT and 3D Accuitomo 170. B. Linear regression values between micro-CT and NewTom 5G. C. Linear regression values between 
micro-CT and NewTom VGi evo. I: area, II: perimeter, III: roundness, IV: major diameter, V: minor diameter.
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Simple linear regression models, presented in Figure 7, 
showed significant associations between area, perimeter, 
roundness, and the major and minor diameters for the data 
evaluated by micro-CT and CBCT devices (P<0.05). 

Discussion
CBCT is an interdisciplinary clinical imaging resource 

that has been widely used in the diagnosis, planning, treat-
ment, and follow-up processes involving the application of 
radiology in the endodontics field, mainly in the areas of 
anatomical challenges, fractures, perforations, internal or 
external resorption, and evaluations of the quality or fail-
ure of treatment.1,5,9,16,19,20 However, it is noteworthy that 
each CBCT machine has different performance in terms of  
the radiation dose, technical image quality, and diagnostic 
image quality, which determines its applicability for the 
different steps of root canal treatment.5,9,20

In this context, the present study evaluated how the mor-
phological configuration of the RCS of mandibular molars 
with an isthmus impacted the diagnosis, cleaning, shaping, 
and filling of the root canals after evaluating the images 
captured by different CBCT devices, acquired with differ-
ent technical specifications, using the image data obtained 
from micro-CT as reference standard, by means of qualita-
tive and quantitative analyses.

The RCS configuration was assessed according to the 
morphological classification of Vertucci17 and the classifi- 
cation of isthmuses of Hsu and Kim.18 Regarding the classi-
fication of root canals, Vertucci17 described 8 different mor-
phological types, and in the sample of the present study, it 
was possible to observe the presence of types I, III, IV, and 
V in images captured by all the devices evaluated (CBCT 
and micro-CT). The qualitative analysis of the images  
detected a higher prevalence of types IV and V among the 5 
types of isthmus described by Hsu and Kim18 both in micro- 

Fig. 6. White arrows showing the quality of the isthmus and root canal filling. It is possible to detect in micro-CT images (I) the presence 
of filling material in the isthmus area, the presence of gaps and voids, as well as lateral and accessory filled canals, which are not seen in 
the CBCT images and could hinder the endodontic diagnosis. II: 3D Accuitomo 170, III: NewTom 5G, III: NewTom VGi evo.
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CT and CBCT images. However, it was more difficult  
to classify isthmus types II and III correctly on the CBCT 
images. Regardless, it is worth noting that despite the diffi- 
culty of classifying the type of isthmus, the possibility of  
diagnosing its presence by CBCT allows the clinician to 
consider the isthmus while planning endodontic treat-
ment.20 

After biomechanical preparation, approximately 40% of 
the CBCT images did not allow the diagnosis of the pre- 
sence of an isthmus; this was possibly directly related to 
the accumulation of debris in these challenging anatomical 
areas, since debris and dentin have similar densities. These 
data corroborated the results obtained in the morphological  
evaluation of the RCS, in which it was also difficult to diag- 
nose the presence of isthmuses in 20% to 22.5% of CBCT 
scans.20

It was possible to detect the presence of debris in around 
40.5% of RCSs and in 91.4% of isthmus areas using micro- 
CT. In the majority of CBCT images, it was not possible to 
adequately diagnose debris within the root canals (52.4% 
to 85.7%). The limited ability to visualize isthmuses and 
debris is likely caused primarily by each device’s limits of 
spatial resolution compared with micro-CT.3,9,16,2021,22 In 
addition, for small low-contrast structures in particular, the 
contrast-to-noise ratio of the image plays a role. The rea-
sons for qualitative differences between CBCT machines 

are difficult to pinpoint, although the image quality is affec- 
ted by a multitude of factors, such as focal spot size, detec-
tor specifications, exposure parameters, and reconstruction 
settings.20-22 

Micro-CT showed root perforations in 0% of the images 
evaluated after root preparation. However, images captured 
by CBCTs showed root perforations in 2.4% and 4.8% of 
the images analyzed, due to overestimating the root canal 
boundaries and underestimating the dentin thickness after 
biomechanical preparation. Limited sharpness and contrast 
of the root and root canals were also observed in the present  
study in the quantitative analysis of the original anatomy of 
the root canal (perimeter and major and minor diameters).

Two-dimensional quantitative analysis showed no statis-
tically significant differences in area, perimeter, roundness, 
and the major and minor diameters between the different 
CBCT devices and micro-CT, with excellent and satisfac-
tory agreement between CBCT and micro-CT. It is worth 
mentioning that biomechanical preparation improved the 
visualization of the RCS by CBCT, since the canals became  
wider, sharper and better delineated, explaining the qualita-
tive and quantitative results obtained.20 

In the present study, filling quality was evaluated accor- 
ding to the presence and absence of voids and their loca-
tions. When filling failure was located at the filling/den-
tin wall interface, as was present in 21.4% of the images 

Fig. 7. Linear regression models for images obtained after root canal filling. A. Linear regression values between micro-CT and 3D Accu-
itomo 170. B. Linear regression values between micro-CT and NewTom 5G. C. Linear regression values between micro-CT and NewTom 
VGi evo. I: area, II: perimeter, III: roundness, IV: major diameter, V: minor diameter.
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captured by micro-CT, none of the CBCT devices were 
able to depict it. This was probably due to the formation 
of artifacts in these images, especially in the delimitation 
of objects of high density, caused by the presence of dense 
filling material, the relatively low exposure used in CBCT 
versus micro-CT, along with the limited sharpness and con-
trast, which are factors inherent to all the CBCT devices 
that were evaluated.3,9,20,23-25

After filling, 47.1% to 50% of the CBCT images did not 
allow detection of the isthmus. However, when the isthmus  
was completely occupied by filling material, it was possible 
to diagnose it in 26.5% of the images captured by micro- 
CT and ACC and in 29.4% of the images captured by N5G 
and NEVO, showing uniform agreement of results between 
micro-CT and the CBCT devices evaluated. The CBCT  
images showed partially filled isthmuses in 2.9% of scans 
for the ACC device and 8.8% for the N5G and NEVO  
devices, versus 26.5% for micro-CT. However, the quantita-
tive analysis of the area, perimeter and the major and minor  
diameters demonstrated excellent agreement between 
CBCT and micro-CT. The roundness values presented satis- 
factory agreement between the CBCT devices and micro- 
CT, demonstrating the limitation of the CBCT devices in 
reproducing the delimitation of filling material with sharp-
ness and accuracy, probably due to artifact generation as 
previously observed in the qualitative evaluation.20 Thus, 
the clinical use of CBCT to diagnose and evaluate the qual-
ity of the RCS filling should be viewed with caution, since 
the formation of artifacts resulting from high-density mate-
rials can lead to the formulation of false diagnoses, as well 
as masking structures and/or pathoses.20,25-29

Considering that the isthmus is a challenging anatomical 
area that has a direct impact on the success of endodontic 
treatment, it was observed in the present study that CBCT 
devices have sufficient sensitivity and accuracy in the  
detection of isthmuses; however, they did not allow their 
classification after biomechanical preparation and root canal  
filling. In addition, blooming and dark streak artifacts after 
endodontic filling may hamper the diagnosis and mask fill-
ing voids and specific pathologies in the neighborhood of 
the RCS and isthmus.
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