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Introduction
The diagnosis and treatment of vertical root fractures 

(VRFs) are often challenging. Their diagnosis is often impre- 
cise, since classic radiographic signs, such as bone loss in 
the adjacent periodontal region or periodontal ligament 
thickening, are not always present. Furthermore, the accu-
racy of 2-dimensional radiographs for the diagnosis of 

VRFs depends on a specific radiographic angulation, which 
is not always possible.1

To overcome the major limitations of 2-dimensional radio- 
graphs, cone-beam computed tomography (CBCT) has been 
widely used in several clinical situations. In endodontics,  
CBCT has been applied for the assessment of apical peri-
odontitis, complex surgical cases, root canal anatomy, dental  
trauma, tooth resorption, and root fractures.2-5 Some studies 
have reported that CBCT showed higher values of accura-
cy and sensitivity in the diagnosis of VRFs than periapical 
 radiography.6,7 However, CBCT presented lower accuracy 
for root-filled teeth.8-12 
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ABSTRACT

Purpose: This study evaluated the influence of a metal artifact reduction (MAR) tool in a cone-beam computed 
tomography (CBCT) device on the diagnosis of vertical root fractures (VRFs) in teeth with different root filling 
materials. 
Materials and Methods: Forty-five extracted human premolars were classified into three subgroups; 1) no filling; 
2) gutta-percha; and 3) metallic post. CBCT images were acquired using an Orthopantomograph 300 unit with and 
without a MAR tool. Subsequently, the same teeth were fractured, and new CBCT scans were obtained with and 
without MAR. Two oral radiologists evaluated the images regarding the presence or absence of VRF. Receiver 
operating characteristic (ROC) curves and diagnostic tests were performed.
Results: The overall area under the curve values were 0.695 for CBCT with MAR and 0.789 for CBCT without MAR. 
The MAR tool negatively influenced the overall diagnosis of VRFs in all tested subgroups, with lower accuracy (0.45-
0.72), sensitivity (0.6-0.67), and specificity (0.23-0.8) than were found for the images without MAR. In the latter group, 
the accuracy, sensitivity, and specificity values were 0.68-0.77, 0.67-083, and 0.53-087, respectively. However, no 
significant difference was found between images with and without MAR for the no filling and gutta-percha subgroups 

(P>0.05). In the metallic post subgroup, CBCT showed a significant difference according to MAR use (P<0.05).
Conclusion: The OP 300 MAR tool negatively influenced the detection of VRFs in teeth with no root canal filling, 
gutta-percha, or metallic posts. Teeth with metallic posts suffered the most from the negative impact of MAR.  
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The presence of high-density materials, mainly gutta-per-
cha and metallic posts, in the region of interest during image  
acquisition produces significant beam hardening and streak 
artifacts that compromise image quality,13,14 particularly for 
VRF diagnosis.15 As a result, metallic objects (posts and  
restorations), and even gutta-percha, create hypodense lines  
in the final CBCT images, which can often be misdiagnosed  
as VRFs, leading to incorrect treatment.16-18 These artifacts 
contribute to a uniquely unfavorable diagnostic scenario 
since VRFs are disproportionately prevalent in endodonti-
cally treated teeth.19

Artifact reduction tools are designed to improve CBCT 
images’ quality when high-density artifact-generating mate-
rials are present in the region of interest. Metal artifact 
reduction (MAR) tools apply algorithms during the image 
reconstruction process to reduce or eliminate artifact effects 
in CBCT.20,21 However, some studies have suggested that 
MAR might not always improve image quality, especially 
in the diagnosis of root fractures.22-24 New diagnostic tools 
need to be tested to demonstrate their real effectiveness in 
improving VRF detection. Therefore, the main purpose of 
this study was to evaluate the influence of an artifact reduc-
tion tool on the detection of vertical root fractures in teeth 
with different types of intracanal materials. 

Materials and Methods
This observational ex vivo study was approved by the 

institutional review board of Anápolis University Center, 
Brazil (# 3.008.747) and complied with the Helsinki Decla-

ration.
Forty-five single-rooted healthy premolars, extracted for 

orthodontic or periodontal reasons between 2017 and 2018, 
were included in this study. The teeth were stored in a 0.2% 
thymol solution and periodontal scaling was performed to 
remove soft tissues attached to the root. Periapical radio-
graphs of all teeth were acquired using a FocusTM (Instru-
mentarium Dental, Kavo, Biberach, Germany) device with  
the following technical parameters: 60 kVp, 7 mA, and 0.2 s.  
The images were taken using a digital photostimulable phos-
phor system (KaVo Scan eXam, Kavo/Gendex, Des Plaines, 
IL, USA) and analyzed using the Cliniview® (Instrumen-
tarium DentalTM, Kavo, Biberach, Germany) software.  
These radiographs were taken to select teeth without pulp 
stones, external or internal resorption, incomplete root for-
mation, or fractures. The selected teeth were randomly divi-
ded into 3 subgroups consisting of 15 teeth each: 1) no fill-
ing, 2) gutta-percha, and 3) metallic post. 

In the no filling group, no treatment was done. The root 
canals in the gutta-percha group were instrumented using 
an Mtwo NiTi® rotary system (VDW, Munich, Germany) 
up to file size #40. Subsequently, the roots were filled using  
a single-cone technique with Mtwo gutta-percha (VDW 
GmbH, Munich, Germany) and AH 26 cement (Dentsply  
DeTrey GmbH, Konstanz, Germany) according to the 
manufacturer’s instructions. The 15 teeth from the metallic 
post group received the same root treatment as those in the 
gutta-percha group, and were subsequently decoronated, 
leaving a standardized root length of 16 mm, guided by the  
use of a digital caliper. After decoronation, two-thirds of the 

Fig. 1. A. The phantom is positioned in the Orthopantomograph® OP 300. B. Premolar bonded after fracture.
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root canal of each tooth was prepared to receive a metallic  
post. The remaining gutta-percha had an approximate length  
of 3 mm. Digital periapical radiographs were taken to assist  
in the preparation. Impressions of the root canals were made  
using acrylic resin (Duralay®, Reliance Dental Manufactu-
ring LLC, Alsip, IL, USA). Metallic posts (nickel-chromium 
alloy) were then prepared and inserted in each root canal.

To simulate clinical conditions, the periodontal ligament 
space was artificially reproduced with the addition of sili-
cone fluid, and the roots25 were placed randomly into dry 
mandibular sockets. The human mandible was covered 
with a 5.3-mm-thick layer of wax on the lingual and buccal  
sides to simulate soft tissue attenuation. Subsequently, 
CBCT images were acquired using an Orthopantomo-
graph® OP300 (Instrumentarium Kavo Kerr Corp, Tuusula,  
Finland) device (Fig. 1A), with the following technical 
parameters: a field of view (FOV) of 6 cm×4 cm; a voxel 
size of 0.085 mm; 90 kVp; 10 mA; and 6.1 s. CBCT scans 
were obtained from the 45 teeth before they were fractured, 
first without selecting the MAR tool, and then with MAR 
tool selection. 

Fractures were induced on a Universal Instron (Instron, 
Canton, MA, USA) testing machine using a 500 N load cell 
with a cross-speed of 1 mm/min. A tapered metal tip was 
inserted into the canal’s coronal opening, and as soon as the 
fracture occurred, the machine stopped automatically. Frac-
tures were confirmed by direct visual inspection of each 
tooth. In cases with fragment separation, the teeth were 
bonded with cyanoacrylate (Fig. 1B). After being fractured, 
all the samples underwent new CBCT acquisitions, follow-
ing the same technical parameters, with and without MAR, 
resulting in a total of 180 CBCT volumes (Fig. 2).

All CBCT evaluations were conducted in a blinded man-
ner by 2 trained oral and maxillofacial radiologists, with 10 
and 8 years of experience, respectively, who had previously  
been calibrated. The images used for calibration were not 
included in the analysis. The radiologists assessed the pre-
sence or absence of VRFs through a dynamic evaluation of 
the CBCT volume in all anatomical planes, using InVivo 
Dental software (ver. 5.4, Anatomage, San Jose, CA, USA). 
The observers could navigate in all multiplanar reconstruc-
tions (including axial, sagittal and coronal), and were free 
to tilt the CBCT volume in any direction.

All images, including both the fractured and non-fractured 
teeth, were scrambled by the main researcher and assessed 
by the examiners in random order on the same computer 
with a 29-inch monitor (Ultra HD LED, 3840×2160 pixels, 
28″, DELL, Round Rock, TX, USA) in a dimmed room.  
Although the teeth were scanned in groups of 6 to simulate 

clinical conditions, each tooth was analyzed individually to 
avoid bias. The examiners were allowed to adjust brightness  
and contrast, and to use the zoom and enhancement filter 
tools. A 5-point scale was adopted to register VRF detection  
as follows; 1: definitely absent, 2: probably absent, 3: uncer-
tainty, 4: probably present, and 5: definitely present. Repro-
ducibility was assessed by a second evaluation of 30% of 
the sample by the same examiners after at least 15 days.

Statistical analyses were performed using MedCalc® 
19.0.3 for Windows (MedCalc Software, Mariakerke, Bel-
gium). Receiver operating characteristic (ROC) curve analy-
sis was conducted to evaluate the diagnostic accuracy of 
CBCT according to the use of the MAR tool for the diag-

Fig. 2. Coronal slices show root fracture (arrows) in cone-beam 
computed tomography acquisitions with and without MAR. A. No 
filling. B. Gutta-percha. C. Metallic post. 
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nosis of VRFs. The areas under the ROC curves for both 
groups with and without MAR were compared using the 
DeLong test,26 and the level of significance was set at 5% 

(P<0.05). ROC curves were also created and compared 
for the 3 subgroups (no filling, gutta-percha, and metallic 
post). Diagnostic tests such as accuracy, sensitivity, speci-
ficity, positive predictive value, and negative predictive 
value were calculated for both groups and all 3 subgroups. 
For this analysis, the answers given by the examiners were 
dichotomized. Scores of 1, 2, and 3 were considered as 
indicating the absence of VRF, and scores of 4 and 5 as  
indicating the presence of VRF.24  The Kendall coefficient of  
concordance was used to establish inter-examiner agree-
ment, and the kappa coefficient was used to determine intra- 
examiner agreement.

Results
The ROC curves of the images with and without MAR 

are shown in Figure 3. The areas under the curve were 0.695 
and 0.789 for CBCT with and without MAR, respectively. 
The DeLong test revealed a significant difference between 
the two groups (P<0.05) with better performance found 
when MAR was not used group. The inter-examiner kappa 
value showed substantial agreement for images with (0.737) 
and without (0.786) MAR. Intra-examiner reproducibility  
indicated moderate agreement for images with MAR and 
without MAR (0.533 and 0.433, respectively). Figure 4 
shows the ROC curves in the 3 different subgroups. No 
significant difference was found between images with and 
without MAR for either the no filling or gutta-percha sub-
group (P>0.05). In contrast, in the metallic post subgroup, 
images with MAR showed a significant difference com-

pared to those without MAR (P<0.05).
Table 1 summarizes the overall accuracy, sensitivity, spe-  

ci ficity, positive predictive value (PPV), and negative predic-
tive value (NPV), with and without the use of MAR. Higher  
values were obtained for the images without MAR. The  
results of the same tests for each subgroup (no filling, gutta- 
percha, and metallic post) with and without MAR can also 
be observed in Table 1. The lowest accuracy values (0.45 
and 0.68 for images with MAR and without MAR, respec-
tively) were found for the metallic post subgroup and the 
gutta-percha subgroup with MAR. The highest accuracy 
value was found in the subgroup with no root canal filling 
in the absence of MAR.

Fig. 3. Receiver operating characteristic curves for all observers 
based on cone-beam computed tomographic image with and with-
out metal artifact reduction (MAR). 

Fig. 4. Receiver operating characteristic curves for groups with and without MAR, showing detailed performance for each of the 3 sub-
groups. A. No filling. B. Gutta-percha. C. Metallic post.
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Discussion
This study analyzed the influence of the MAR function 

of OP300 on the diagnosis of vertical root fractures. The 
use of MAR tools should reduce the artifacts in the final 
image and, consequently, increase the values of accuracy  
and other diagnostic tests. However, the overall results 
showed that the use of MAR decreased the accuracy of 
VRF detection. Likewise, sensitivity, specificity, and both 
positive and negative predictive values were also lower 
when the MAR tool was used.

The diagnostic test values showed slight differences accor- 
ding to whether MAR was used in each of the 3 subgroups 
evaluated individually, except in the metallic post sub-
group, which showed a considerable difference for all tests. 
This result was also noticed in the ROC curve comparison, 
since the metallic post subgroup was the only subgroup that 
showed a statistically significant difference according to 
MAR use. These findings indicate that, paradoxically, the 
MAR tool had the greatest negative impact in the subgroup 
with higher artifact production. These results impacted the 
overall results for VRF detection when using the MAR tool. 
Since the other 2 subgroups (no filling and gutta-percha) 
showed no significant difference according to MAR use, 
the metallic post subgroup was primarily responsible for the 
poor overall accuracy.

It is essential to emphasize that although MAR may en-
hance image quality,20,27,28 it does not necessarily positively 
influence the diagnosis. Previous studies have not yet con-
cluded whether MAR enhances root fracture detection. 

Our results align with those of a study by Bechara et al.,22 

who evaluated the performance of 2 artifact reduction tools 

(ProMax® and Master 3D®) in the diagnosis of VRFs in 
endodontically treated teeth, and concluded that both MAR 
tools performed poorly in the diagnosis of VRFs using 2 
different devices. Rezende et al.29 observed similar results 
in their analysis of the influence of MAR on the diagnosis  
of VRFs in different groups of teeth. They concluded that 
the application of MAR did not improve the diagnosis of 
VRFs. Diagnostic accuracy was lower for teeth with a cast 
gold pin, regardless of whether the tool was used. In this 
case, the diagnosis was hindered in the group in which 
artifacts were most pronounced. These results agree with 
the present study, in which the teeth with metallic posts 
showed the lowest accuracy. 

According to the present study and previous studies,23,29 
MAR application did not improve the detection of VRFs in 
endodontically treated teeth (gutta-percha) or teeth with the 
presence of metallic posts. It is known that CBCT devices uti-
lize specific reconstruction algorithms that influence image  
quality and diagnostic feasibility; nevertheless, acquisition 
parameters such as FOV, voxel size, peak kilovoltage, and 
tube current undoubtedly also have a significant impact 
on the final image. Post-processing software systems are 
now available to assist in complex endodontic cases, but 
they have not yet been tested for the diagnosis of VRFs.30 
These findings suggest that manufacturers should focus 
on improving MAR tools to contribute to a more accurate 
diagnosis of VRFs. Although limited information is avail-
able from CBCT manufacturers concerning the operation of 
MAR algorithms, it is believed that they are activated based 
on a threshold. Any structure different from the gray values 

Table 1. Diagnostic tests for vertical root fracture detection with and without metal artifact reduction (MAR) overall and in different subgroups

Accuracy Sensitivity Specificity Positive predictive value Negative predictive value

Overall
With MAR 0.62 0.63 0.60 0.61 0.62
Without MAR 0.72 0.75 0.69 0.71 0.74

No filling
With MAR 0.72 0.63 0.80 0.76 0.69
Without MAR 0.77 0.67 0.87 0.83 0.72

Gutta-percha
With MAR 0.68 0.60 0.77 0.72 0.66
Without MAR 0.72 0.77 0.67 0.7 0.74

Metallic post
With MAR 0.45 0.67 0.23 0.46 0.41
Without MAR 0.68 0.83 0.53 0.64 0.76
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threshold will be corrected, changing the values correspond-
ing to very hypodense bands or very hyperdense streaks 
of hyperdense materials, such as gutta-percha and metallic 
posts.31 However, this reduction of gray values, apparently,  
does not lead to a more accurate diagnosis. In this study, 
when MAR was used, the fracture line and dentin density 
became similar, which is the most probable explanation for 
the decreased accuracy. 

For VRF diagnosis, the image quality should be capable  
of reproducing the hypodense fracture line in contrast with 
the adjacent structures. The image quality in CBCT is influ-
enced by different factors: FOV, voxel size, signal-to-noise  
ratio, contrast, spatial resolution, scatter, artifacts, detector 
quality, and reconstruction algorithms.32,33 In this study, a 
6 cm ×4 cm FOV, a voxel size of 0.085 mm, and settings 
of 90 kVp and 10 mA were used. This protocol is recom-
mended for diagnosing and managing endodontic problems 
when a high level of detail is required. The small FOV 
promotes a high detail and resolution because it reduces  
scattering, thereby improving image quality.2 A larger FOV 
and, consequently, larger voxel size produces images with  
lower spatial resolution. However, detecting a greater num-
ber of X-ray photons in larger voxels (in the X-ray detec-
tor), results in a higher signal and less image noise.34 In 
contrast, Yamamoto-Silva et al.31 concluded that a small 
voxel size increased the accuracy of CBCT for VRF diag-
nosis, despite its association with higher noise. A compen-
satory method was performed in our study by increasing 
the mA setting (10 mA) to improve the signal-to-noise 
ratio. Knowing that small voxels, like those used in the 
present study (0.085 mm), can produce more artifacts in the 
final image, further studies are necessary to test the balance 
between a high spatial resolution and image noise. 

As an ex vivo experiment, this study may not accurately  
reproduce clinical conditions. A previous in vivo study5 

showed a sensitivity of 88% and a specificity of 75% when 
using CBCT to detect VRFs, but MAR was not tested. It is  
not ethically permissible to perform tests with ionizing ra-
diation in patients for experimental purposes. Furthermore,  
a reliable gold-standard method would require tooth extra-
ction, which is not a reasonable treatment for many clini cal 
cases. Therefore, due to these clinical limitations of root 
fracture studies, in vitro and ex vivo studies are essen tial for 
orienting clinical approaches and supporting the decision- 
making process. Another limitation is related to the mod-
erate level of intra-examiner agreement, despite the cali-
bration and long experience of the observers. Other studies 
have also found moderate and poor agreement,14,17,35 sug-

gesting that CBCT is still an unreliable method for detecting  
VRFs, especially in the presence of a metallic post. This can 
be explained by the partial volume averaging effect, which 
takes place when a voxel lies on the limits of 2 objects  
of different densities and impairs the detection of delicate 
structures, such as VRFs.36 

Our findings align with most previous studies in the lit-
erature, showing that VRF diagnosis remains a clinical 
chal lenge and MAR still has limited use. Therefore, the 
aim should be to develop better software, focusing on the 
improvement of these tools and their application in images  
from different CBCT devices. Periapical radiography should 
be encouraged as the first complementary approach to assess  
the presence of VRFs, particularly for teeth with a metallic 
post.17,24,37

In conclusion, the OP 300 MAR tool negatively influ-
enced the diagnosis of VRFs. The worst performance was 
obtained for the metallic post group. Our results align with 
most previous studies, showing that MAR still has limited 
utility for this purpose. These findings suggest that manu-
facturers should focus on the improvement of MAR tools 
to improve the accuracy of VRF diagnosis.
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