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Objectives:  To evaluate the influence of artefacts in cone beam CT (CBCT) images of filled root 
canals in isthmus-containing molars.
Methods:  10 teeth presenting canals with an isthmus were instrumented and filled with a ther-
moplasticised obturation technique. The teeth were scanned using a micro-CT device and two 
CBCT devices: 3D Accuitomo 170 (ACC) and NewTom VGi evo (NT), with different acquisi-
tion protocols: larger and smaller voxel size. Three examiners assessed the CBCT images for: (1) 
detection of filling voids; (2) assessment of under- or overestimation of the filling material and 
(3) resemblance of CBCT images to the reference standard. Analyses of Task 1 yielded accuracy, 
sensitivity and specificity for detection of filling voids. For tasks 2 and 3, statistical analysis was 
performed using Wilcoxon test. The level of significance was set at p < .05.
Results:  For Task 1, ACC showed higher sensitivity, whereas NT presented higher specificity. 
No significant difference was found between the protocols in ACC, however, for NT, differences 
between protocols were significant for all diagnostic values. In Task 2, visualisation of the filling 
was overestimated for NT, while for ACC, underestimation was observed. For Task 3, images with 
smaller voxel size were more similar to the reference image, for both CBCT devices.
Conclusions:  Different artefacts compromise the detection of filling voids on CBCT images of 
canals in mandibular molars with isthmus. ACC and NT present rather similar diagnostic accu-
racy, even though artefact expression remains device-specific.
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Introduction

When root canal fillings fail to provide an adequate 
sealing, leakage of fluids can provide substrate for bacte-
rial growth inside the root canal system, jeopardising 
the long-term success of the endodontic treatment.1

However, complete filling of the root canal is a chal-
lenge during endodontic treatment, especially when 
anatomical complexities, such as isthmuses, are present.2 
The presence of an isthmus is a common finding in 
mandibular molars,3,4 compromising proper cleaning 
and disinfection of the root canal system5,6 because of 
the difficulty in reaching these areas.7 Furthermore, 
debris packed in this area after root canal instrumen-
tation may prevent adaptation of filling materials and 
influence root canal obturation quality.2,8–10

Conventional radiographs are commonly used for 
evaluating the quality of the endodontic treatment, 
nevertheless voids in the root filling may be masked 
considering two-dimensional anatomical overlap.11,12

The drawbacks related to superimposition may 
be overcome by the use of cone beam CT (CBCT). 
Endodontic applications have increased over the 
last decade, including visualisation of anatomically 
complex root canal systems, root resorption, obliterated 
canals, root fractures, complications of previous treat-
ments establishing retreatment options, image-guided 
endodontics and detection of periapical pathologies.13,14 
Obviously, the above-mentioned justifications only 
apply when diagnostic information and/or potential 
treatment benefits overweigh the risk of ionising radi-
ation exposure.14,15

One major obstacle in endodontic post-treatment 
diagnosis using CBCT, is the presence of artefacts 
deriving from gutta-percha and sealers and/or other 
hyperdense materials. Artefacts are distortions or errors 
in the reconstructed data shown as structures that are 
not present in the real object.16,17 These artefacts can 
appear as different patterns, such as streaks, hypodense 
halo, and shadows oriented along the projection lines.17 
Such artefacts are mainly related to the beam hardening 
phenomenon, reducing image quality and consequently 
diagnostic capability.17–21 Intracanal filling materials may 
also cause volumetric distortion or blooming, leading 
to overestimation of the obturations as perceived on 
CBCT.17,20,21 Combinations of artefacts may compro-
mise diagnostic accuracy of voids and perforations.11,22–24

Different procedures have been suggested to reduce 
artefacts and improve image quality, related to the 
selection of optimal scanning parameters during image 
acquisition or the use of specific reconstruction algo-
rithms. It has been reported that the use of higher kVp,25 
higher mA,26 metal artefact reduction algorithms,25 and 
restricted field of view27 with the target object in its 
center19 may result in less artefact formation in some 
CBCT devices.

Spatial resolution is another factor that determines 
image quality because it is related to the capacity of 

distinguishing small structures on a CBCT image.28,29 
It also plays an important role in the occurrence of 
blooming artefacts.30 It is determined by many factors, 
including the reconstructed voxel size.29 Images acquired 
with smaller voxel sizes (high-resolution) provide more 
detail and are preferred to visualise complex anatomy 
such as the mesiobuccal canal system31 and root frac-
ture lines.18,19 Yet, one should be aware that such high-
resolution protocol involves increased radiation dose.30

One structure that is important for adequate 
endodontic treatment is the isthmus area of multirooted 
teeth. The isthmus area of mandibular molars presents 
significantly more voids compared with the main root 
canals after root canal obturation.9 However, as far as 
we know, there is no study regarding the visualisation 
of voids in the isthmus area using CBCT devices with 
different resolutions. Thus, the aim of this study was 
to assess the influence of CBCT protocols and related 
artefacts on the visualisation of root canal fillings in 
isthmus-containing molars.

Methods and materials

Tooth selection
The study was approved by local research ethics 
committee (protocol 86782418.5.0000.5417). Human 
mandibular molars obtained from institutional pool 
of extracted teeth were scanned in a micro-computed 
tomography (micro-CT) unit (SkyScan 1174; SkyScan, 
Bruker, Kontich, Belgium) with a 22.9 µm voxel size, 50 
kVp, 800 µA and 1.0 step rotation, in order to search for 
mesial roots with the presence of isthmus. Teeth with 
incomplete rhizogenesis, internal or external resorption, 
root fractures, C-shaped or calcified root canals, and 
endodontic treatment were excluded. For the sample 
calculation, the G*Power v. 3.1 for Mac (Heinrich Heine 
Universität Düsseldorf) was used and the Wilcoxon–
Mann–Whitney test of the t test family was selected. 
The data of a previous study that evaluated the detec-
tion of an isthmus in mandibular molars32 were used 
and the effect size in the present study was established 
(=1.36). The α type error of 0.05, a β power of 0.80, 
and a ratio N2/N1 of 1 were also stipulated. A total of 
nine samples per group were indicated as the ideal size 
required for noting significant differences. 10 samples 
were used, considering 10% of risk of loss of sample. 
10 teeth with mesial roots presenting canals classified 
as Type I according to Vertucci33 connected by a single 
and continuous isthmus, i.e. Type V according to Hsu & 
Kim34, were selected.

Teeth preparation
Coronal access was performed by using diamond burs. 
The working length was established by introducing a 
10-Kfile until its tip was visible at the apical foramen, 
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and the working length was set at 1.0 mm short of this 
measure. Tooth apices were sealed with hot glue and 
embedded in silicone impression material polyvinyl 
siloxane (Zetaplus, Zhermack, Italy), to simulate the 
effect of apical gas entrapment in a closed canal system 
during root canal preparation.35

Root canals were instrumented with Reciproc R25 
files (VDW GmbH, Munich, Germany) in a recipro-
cating motion by using an electric motor (VDW Silver; 
VDW GmbH, Munich, Germany) using the configu-
ration “Reciproc ALL”. The instrument was moved in 
apical direction using an in-and-out pecking motion 
of about 3 mm in amplitude with slight apical pres-
sure. After three pecking motions, the instrument was 
removed from the canal and cleaned. A single operator 
with expertise in performing root canal treatment using 
reciprocating techniques performed all the prepara-
tions. Root canals were irrigated with 5 ml 3% NaOCl, 
5 ml 17% EDTA and 3% NaOCl, respectively by using 
a 30 G Navitip needle (Ultradent, South Jordan, UT). 
Then, each canal was dried with absorbent paper points 
(Reciproc R25 paper points, VDW GmbH, Munich, 
Germany).

Root canal filling
Root canals were filled using Calamus Dual (Dentsply, 
Maillefer, Ballaigues, Suíça), according to Marciano et 
al2, with modifications.

A master gutta-percha cone Reciproc R25 (VDW, 
Munich, Germany) was selected and inserted into the 
root canal with AH Plus sealer (Dentsply Maillefer) 
up to the working length. AH Plus sealer was selected 
for all samples due to its properties, as high radi-
opacity, and flowability, which could favour the filling 
of isthmus area.36–38 The root canals were filled using a 
size B endodontic finger spreader (Dentsply Maillefer) 
inserted 2 mm short of the working length and accessory 
gutta-percha points size 20 and 0.02 taper (Dentsply 
Maillefer) were used. A Calamus plugger set at 200°C 
was used to cut the gutta-percha cone at the orifice level. 
Schilder hand pluggers (Odus De Deus, Belo Horizonte, 
Minas Gerais, Brazil) were used to adapt the gutta-
percha at the orifice level. The downpack procedure 
was performed introducing a 50/0.05 Calamus plugger 
in a continuous wave of condensation within 4 mm of 
the working length. The plugger was held in position 
for 10 s before the Calamus was activated for 1 s and 
withdrawn from the tooth. Gutta-percha at the apical 
level was condensed using Schilder hand pluggers. The 
backfill of the coronal portion was achieved using the 
extruded handpiece and 20 G needle tips containing 
gutta-percha at a temperature of 200°C and condensed 
with the appropriate hand pluggers.

Buccolingual and mesiodistal radiographs were taken 
to confirm that all specimens had well-compacted fill-
ings extending to 1 mm short of the apex, using Minray 
intraoral X-ray tube (Soredex, Tuusala, Finland) with 
phosphor plates - size 2 (Digora, Optime, Soredex). 

Coronal access was sealed with temporary filling mate-
rial (Coltosol; Coltene-Whaledent, Cuyahoga Falls, 
OH) and teeth were stored at 37°C and 100% humidity 
for 7 days to allow complete setting of the sealer.

Micro-CT image acquisition
Subsequently, the teeth were scanned by using a 
micro-CT device (SkyScan 1172, Bruker, Kontich, 
Belgium) for the visualisation of the root canal obtu-
ration and the filling of the isthmus area. The scanning 
parameters were set at 100 kVp, 100 µA, 360° rotation, 
0.5 mm Al filter, 0.7 step rotation and an isotropic voxel 
of 12.8 µm. Images were reconstructed using NRecon 
software (v. 1.6.9.8; Bruker micro-CT) with a beam-
hardening correction of 60%, smoothing of 3 and ring 
artefact correction of 8, and saved as bitmap (BMP) 
format. The micro-CT images were used as the reference 
standard of the presence of filling material in isthmus-
containing mesial roots of mandibular molars.

CBCT image acquisition
The same teeth were individually placed in empty tooth 
sockets of a dry human mandible. The socket was care-
fully enlarged with a cylindrical bur to obtain passive fit 
for all roots. In order to simulate the attenuation of soft 
tissue during the CBCT scans, the mandible was covered 
with 1 cm of a mixture called Mix-D.39 The mandible 
was subsequently scanned selecting clinical reference 
settings available on CBCT devices, typically advised for 
endodontic protocols: NewTom VGi evo (NT) (Cefla 
S. C., Imola, Italy) and 3D Accuitomo 170 (ACC) (J. 
Morita, Kyoto, Japan). Two different acquisition proto-
cols were used for each CBCT device: with larger voxel 
size (0.2 mm for both devices) and smaller voxel size 
(0.1 mm for NT and 0.08 mm for ACC) (Table 1). Images 
were exported as digital imaging and communications in 
medicine (DICOM) files.

CBCT and Micro-CT images evaluation
Image registration was performed using Amira soft-
ware 6.1.1 (Thermo Fisher Scientific, Berlin, Germany) 
in order to align the anatomical landmarks on CBCT 
and micro-CT images for each tooth. After that, the 
registered images were exported in DICOM format to 
Image J software (Java, Wayen Rasband, U.S. National 
Institutes of Health, Bethesda, MD) and matching axial 

Table 1  Aquisition parameters selected for each CBCT device

Accuitomo NewTom VGi Evo

 �  Hi-Fidelity Hi-Resolution Hi-Resolution Standard

mA 5 5 3 3

kVp 90 90 110 110

FOV 4 × 4 4 × 4 5 × 5 5 × 5

Voxel size 0.08 0.2 0.1 0.2

CBCT, cone beam CT; FOV, Field of view (cm); VS, Voxel size (mm); 
VS, Voxel size; kVp, Tube voltage; mA, Tube current.
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slices from all protocols were selected for evaluation. 
Slices were exported using the smallest slice thickness, 
while window level adaptation was not allowed.

Evaluation of the images consisted of three different 
tasks performed by three experienced Oral and Maxillo-
facial radiologists, after proper calibration regarding the 
protocol for each task.

Task 1

Task 1: detection of filling voids and confidence 
level:  Two axial slices from the coronal, middle and 
apical thirds were selected from each tooth, totaling 60 
slices. On each axial slice, the canal of the mesial root 
was divided into five regions of interest. Examiners clas-
sified each region of interest of the root canal on the 
axial slices according to the absence or presence of filling 
voids (i.e. area completed filled or partially/not filled, 
respectively). Moreover, for each axial slice, the exam-
iners pointed out how confident they were concerning 
their answers, in a visual analogue scale (VAS), based on 
a previous study39 (Figure 1).
The micro-CT axial slices matching those from CBCT 
served as the reference standard, and were independently 
evaluated by two experts, one specialist in Oral and 
Maxillofacial Radiology and one specialist in Endodon-
tics, using the same aforementioned criteria. In case of 
disagreement, images were re-examined, and consensus 
was reached between both experts.

Task 2

Task 2: assessment of underestimation/overestimation 
of the filling material:  This assessment consisted of 
judging an image panel with all four CBCT images as 
compared to the reference micro-CT image (Figure 1). 

For that, 20 image panels (out of 60) were prepared with 
four registered images slices from the 4 CBCT protocols 
presented in the same panel with the micro-CT refer-
ence image. In this case, three examiners evaluated each 
image protocol in relation to the reference micro-CT 
image (representing the clinical reality). For each CBCT 
image the observer scored if  the filling material inside 
the isthmus was similar to the reference images (0), 
underestimated (1), or overestimated (2).

Task 3

Comparisons between the CBCT images regarding their 
resemblance to the reference standard:  The examiners 
evaluated the same 20 images used for Task 2, and 
ranked the images that better depicted the filling of 
the isthmus area, using the micro-CT as reference, i.e. 
which image most closely resembled the actual clinical 
anatomical condition (Figure 1).
All observation sessions were performed in a dimly lit 
room with a medical monitor (Barco MDRC-2221, 
Kortrijk, Belgium). Neither contrast and brightness 
adaptations nor enhancement filter application were 
allowed. 20% of the images were re-evaluated after 
a 15-day interval in order to calculate intraexaminer 
agreements. Examiners were blinded regarding the 
acquisition protocols, CBCT machine, and presence of 
filling voids.

Statistical analysis
Considering micro-CT as reference standard, for the 
first task the diagnostic values (i.e. accuracy, sensitivity, 
and specificity) of each CBCT device and protocols 
were calculated for each third of the root canal. Regions 
of interest 1 and 5, which are related to the main canal, 

Figure 1  Representative image of an axial slice of CBCT (on top) showing the root canal in the mesial root divided into five regions for the 
assessment of presence of filling voids during Task 1. Scheme of a mesial root used for examiner´s calibration (1). Visual analogue scale used to 
indicate the examiner´s level of confidence (2). Representative set of slices of a sample (below), showing the same tooth on micro-CT and different 
CBCT devices and protocols, for blind evaluation in tasks 2 and 3. CBCT, cone beam CT.
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presented filling voids in only 3 out of 60 slices and were 
excluded because the calculation of diagnostic values 
for those regions was impaired. Therefore, the diag-
nostic values correspond to those obtained from regions 
of interest 2, 3, and 4, which are representative of the 
isthmus in those canals. Overall diagnostic values were 
compared between protocols within each CBCT device 
(t-test) and according to root thirds (two-way ANOVA).

The results of the VAS were calculated for each 
observer and expressed in relative frequencies. These 
results representing self-reported confidence levels were 
calculated for “correct diagnosis” and “incorrect diag-
nosis” separately, i.e. how confident were the observer 
for the cases where the CBCT observations were in 
agreement or disagreement with those from micro-CT.

Distribution of the ranking from the tasks 2 and 3 
were compared between protocols, within each CBCT 
device, by Wilcoxon signed-rank test.

κ test was used to assess inter- and intraexaminer 
agreement.

The level of significance was set at p < .05. Analysis 
were performed with GraphPad Prism 5 (GraphPad 
Software Inc, La Jolla, CA) and SPPS Statistics soft-
ware v. 22.0 (IBM Corp., Armonk, NY).

Results

The prevalence of filling voids observed on micro-CT 
images are shown in Table 2. Filling voids were present 
in only 5% of regions of interest 1 and 5. Combined, 
regions of interest 2, 3, and 4, representative for the 
isthmus, presented voids in 45% of the cases. For CBCT 
analysis, inter- and intraobserver agreement were on 
average 0.87 and 0.92 (almost perfect agreement).

For Task 1, sensitivity, specificity and accuracy for 
each CBCT protocol and according to root thirds are 
presented in Table 3. Overall, ACC presented sensitivity 
much higher than specificity, whilst NT showed very 
low sensitivity and very high specificity. For ACC, no 
significant differences in diagnostic values were found 
between the protocols tested (p > .05), and, although 
accuracy was similar among the root thirds, sensi-
tivity was very high, while specificity being low for the 
cervical third but considerably higher for the apical 
part. For the NT device, differences between protocols 
were significant for all diagnostic values. Sensitivity was 
significantly lower in the apical third, whilst specificity 
was very high in all thirds. For answers in agreement 
with the micro-CT reference, the level of  confidence 
ranged from 77 to 92%, for answers not in agreement 
with the micro-CT reference it ranged from 74 to 93% 
(Figure 2).

Regarding the analysis of Task 2, no difference was 
found between protocols within each CBCT device (p > 
.05). In general, visualisation of the filling was overes-
timated for NT, while ACC showed a slight underesti-
mation of the filling (Figure 3). For Task 3, images with 
smaller voxel size were more similar to the reference 
micro-CT image, for both ACC (p = .009) and NT (p < 
.001) (Figure 3).

Table 2  Prevalence of filling voids detected on micro-CT images, 
according to region of interest and root canal third

Root canal third

Region of interest

1 2 3 4 5

Coronal 0 11 14 2 1

Middle 3 9 10 6 1

Apical 0 11 8 10 1

Total 3 (5%) 31 (51.7%) 32 (53.3%) 18 (30%) 3 (5%)

Table 3  Diagnostic values calculated for the detection of filling voids in each root canal third, among the different CBCT protocols tested

Diagnostic values Root canal third

CBCT protocols – mean (SD)

Accuitomo 0.08 mm Accuitomo 0.2 mm NewTom 0.1 mm NewTom 0.2 mm

Sensitivity Coronal 0.889 (0.06)A 0.889 (0.06)A 0.370 (0.07)A 0.358 (0.06)A

Middle 0.693 (0.05)B 0.653 (0.06)B 0.213 (0.02)Ba 0.080 (0.00)Ba

Apical 0.494 (0.05)C 0.448 (0.03)C 0.126 (0.07)C 0.000 (0.00)B

Overall 0.687 (0.05) 0.658 (0.05) 0.226 (0.04)a 0.144 (0.02)a

Specificity Coronal 0.273 (0.08)A 0.273 (0.03)A 1.0 (0.00)A 0.970 (0.00)A

Middle 0.514 (0.03)B 0.524 (0.04)B 1.0 (0.00)A 0.933 (0.02)A

Apical 0.699 (0.04)C 0.731 (0.02)C 1.0 (0.00)A 0.988 (0.02)A

Overall 0.492 (0.02) 0.505 (0.03) 1.0 (0.0)a 0.963 (0.01)a

 �  Coronal 0.550 (0.06)A 0.550 (0.03)A 0.717 (0.03)A 0.694 (0.03)A

Accuracy Middle 0.589 (0.03)A 0.578 (0.05)A 0.672 (0.01)Ba 0.578 (0.01)Ba

Apical 0.600 (0.02)A 0.594 (0.02)A 0.567 (0.02)B 0.511 (0.01)C

 �  Overall 0.580 (0.03) 0.574 (0.03) 0.652 (0.02)a 0.594 (0.01)a

CBCT, cone beam CT.
Different superscript capital letters indicate statistically significant difference between root thirds, within each protocol.
aindicates statistically significant difference between protocols within the same CBCT machine.
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Discussion

CBCT imaging is recommended for the assessment of 
anatomically complex root canal systems and previous 
treatment complications in cases when conventional 
radiography is not sufficient.12,14 The present study was 
designed to assess root canal filling quality in isthmus-
containing molars by using endodontic acquisition 
protocols. However, it is important to stress that the 
study did not intend to compare the performance of 
CBCT devices, but rather the potential and limitations 
of different CBCT protocols to visualise the actual clin-
ical situation considering micro-CT as standard refer-
ence. The CBCT devices selected were those with high 
resolution and low metal artefact problems, typically 
used for post-endodontic assessments,21 even though 
findings remain CBCT- and task specific.14,39 Yet and 
even then, void assessment remained moderate, poten-
tially related to artefact expression and near-threshold 
detections specifically related to the present task.

Detection of filling voids is of utmost importance 
in clinical practice, even the small ones, which are more 
likely to occur regardless of the filling technique used.2,11 
A micro-CT and nano-CT study showed that higher 
resolutions produce more detailed information about 
presence of voids in tomographic images.40 In a clinical 
situation, in which an unsuccessful endodontic treat-
ment is suspected, it is necessary to assess the quality 
of root canal obturation for re-treatment planning or 
investigate the causes of failure, to avoid planning 
errors, such as unnecessary tooth extraction.

Regarding the diagnostic values, for the NT device, 
it was found that an increase in resolution, i.e. from 
0.2 to 0.1 mm voxel size, positively affected the overall 

accuracy for the detection of filling voids. While for 
ACC no significant differences were found between the 
protocols 0.2 and 0.08 mm (p > .05). Neves et al41 also 
found that different imaging modes in ACC did not 
influence diagnosis of vertical root fractures in teeth 
filled with gutta-percha. The present observations may 
imply that initial ACC images are already scanned at 
high resolution, not demanding a further increase in the 
imaging parameters and likewise radiation dose.

Artefacts related to high-density intracanal materials, 
including gutta-percha and sealers, may have serious 
clinical implications because they can lead to false 
interpretations and misdiagnosis.16,22,24,41–44 In this study, 
beam hardening artefact may have led to more frequent 
false-positive detection of filling voids on ACC images, 
leading to higher sensitivity and lower specificity, partic-
ularly in the coronal third of the roots. The filling mate-
rial is thicker in the coronal third11 which may lead to 
more pronounced beam hardening in that root level. The 
beam hardening artefact may also have led ACC images 
to possibly underestimate the filling in comparison with 
the real condition, which was confirmed in Task 2 of 
this study. A previous report showed a likewise impair-
ment in visualisation of these areas of interest in CBCT 
images related to dark bands associated with intracanal 
endodontic material.17

On the other hand, volumetric distortion or blooming 
artefact represents an overestimation in the volume of 
the filling material. The very low sensitivity and very 
high specificity of NT images for this diagnostic task 
may be explained by a predominance of blooming 
artefacts. Higher values of specificity indicate capa-
bility of correctly identifying completely filled areas. 
Nevertheless, these lower values of sensitivity indicate 

Figure 2  Confidence levels for the observers and CBCT protocol, and according to correct or incorrect diagnosis (i.e. when the diagnosis 
provided by the observer was in agreement or disagreement, respectively, with micro-CT findings). Confidence levels are represented by the relative 
frequency of cases where the observers reported that they were confident about their diagnosis. CBCT, cone beam CT.
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that voids are generally not easily identified. Increased 
volumetric distortion of the root filling material when 
comparing NT with micro-CT has also been reported in 
the literature.20,21

Due to the phenomenon of blooming artefact, the 
expansion of the filling material easily occupies the 
space of this small void, leading to a false impression 
that the root canal is completed filled or to a false diag-
nosis of perforations (Figure 4). The apical third yielded 
the lowest sensitivity, which may be related to the limited 

thickness of the dentin in this root level. For this device, 
the blooming artefact affected more the apical third than 
the coronal third, with lower values of sensitivity found 
in this region, which was more pronounced with a larger 
voxel protocol. The apical third presents a small area 
compared with the coronal third, with smaller voids, 
observed in the micro-CT images. The identification of 
more overestimated conditions in Task 2 of this study 
confirmed that the blooming artefact was more evident 
in images acquired with NT device.

Figure 3  Bar graphs showing the distribution of the ranking for tasks 2 and 3 for both CBCT devices, in comparison to a micro-CT reference 
image. p values according to Wilcoxon signed-rank test. CBCT, cone beam CT; Ns, Non-significant.
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The results from the VAS related to the examiner’s 
confidence level, showed that the observers were more 
confident about their diagnosis with NT images, both 
when they had correct or incorrect diagnoses of filling 
voids. The decisiveness of the professional influences the 
treatment plan of the patient. If  one judges correctly, 
but is not sure about the answer, he/she may probably 
order unnecessary additional exams. On the contrary, if  
one judges erroneously, but is overconfident about the 
decision, he/she may indicate unnecessary or erroneous 
procedures.45 This can lead to clinicians making wrong 
decisions during treatment planning, either re-treatment, 
extraction or not making any intervention in the treated 
root canal. It is important to notice that other factors 
may be related to the decision ability of the examiners, 
such as the examiner’s experience and their knowledge 
about the limitation of CBCT images. Therefore, the 
results of the VAS were not compared between the three 
examiners in this study, since this comparison is not 
clinically relevant and could lead to misinterpretation.

To score the quality of obturation in this study, the 
root canal was divided into five areas. It was observed 
on micro-CT that the isthmus area (i.e. regions 2, 3 and 
4) presented more voids, due to the difficulty in filling 
this narrow area, which was already demonstrated 
by previous studies.2,9 Due to the very low prevalence 
of voids in regions 1 and 5 (main canal) observed on 
micro-CT, the scores for these regions were excluded for 
all analysis.

In our study, smaller voxel sizes protocols, in both 
CBCT devices, yielded images more similar to the 
micro-CT in Task 3. The better performance of high-
resolution protocols may be attributed to a phenomenon 
present in CBCT images called partial volume effect 
(PVE). This condition occurs when two materials with 
different densities are present in the same voxel, which 
results in errors during image formation.46 The PVE may 
lead to incorrect estimation of the volume occupied by 

the two materials, especially at the edge of these mate-
rials.46,47 The presence of PVE is reduced when the voxel 
size is smaller,48 explaining the significant difference in 
acquisition protocols of Task 3, i. e, images with smaller 
voxel size were more similar to the reference image.

Another effect that could had influenced CBCT 
image quality is the noise. In the present study, this 
could also have hampered perception of filling voids. 
Exposure settings such as tube current (mA) and voxel 
size are related to image noise, i.e. the lower the mA 
and the smaller the voxel size, the greater the noise.49,50 
In the current study, pre-set exposures were used with 
different voxel sizes in the same device, but no variation 
of mA was observed (Table 1). Therefore, as the mA was 
constant in the same device, it is expected that images 
with smaller voxel sizes yielded more noise. It is worth 
noting that radiation dose is also influenced by mA and 
voxel size. Further studies are needed to assess the true 
impact of the aforementioned variables.

Some limitations are inherent to this in vitro exper-
imental study design, such as the use of a dry skull 
phantom and consequently, the absence of patient-
related artefacts (i.e motion artefact). Nevertheless, 
use of Mix-D cover material allowed reproduction of a 
very similar tomographic density of human soft tissue.39 
The fact that CBCT image evaluations were performed 
in pre-defined registered regions should also be high-
lighted. Although this methodology does not reproduce 
the volumetric assessment in the clinical practice, it 
avoids examiner variability, allowing a more controlled 
and standardised method.39

Conclusion

Different artefacts compromise the detection of filling 
voids on CBCT images of canals in mandibular molars 
with isthmus. Although both devices reached the same 

Figure 4  Representative CBCT images of a sample acquired with larger voxel protocols demonstrating that the blooming artefact may simulate 
a root canal perforation, which is not evidenced in the micro-CT image. CBCT, cone beam CT.
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diagnostic accuracy, artefact expression is device-
specific. Additionally, smaller voxel sizes protocols 
yielded images more similar to the real condition in both 
CBCT devices.
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