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ABSTRACT

Aim: This study aimed to assess the effectiveness of metal artifact reduction (MAR) 
algorithms in cone-beam computed tomography (CBCT) images, specifically for 
various common dental materials. Metal restorations, posts, and gutta-percha fre-
quently cause artifacts due to their high density, impacting image quality.
Methodology: Researchers used 11 extracted human mandibular teeth with differ-
ent dental materials (amalgam, metal posts, porcelain-fused-to-metal (PFM) crowns, 
gutta-percha) and three intact teeth. CBCT scans were performed using a Galileos 
scanner on a mandible in water to simulate soft tissue. Images were acquired both 
with and without MAR activation across various tooth positions. Contrast-to-noise 
ratio (CNR) was calculated at multiple distances and angles. Statistical analysis was 
conducted using the Wilcoxon test.
Results: The study found that activating the MAR algorithm had no significant impact 
on reducing metal artifacts across any of the evaluated dental materials, regardless 
of tooth type, position, or angle.
Conclusion: The MAR algorithm, as tested, does not significantly reduce metal ar-
tifacts caused by dental materials like amalgam, metal posts, PFM crowns, or gut-
ta-percha in CBCT images. In this context, clinical application of these algorithm 
does not provide justifiable added benefits.
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Introduction

C
one-beam computed tomogra-
phy (CBCT) is the main three-
dimensional imaging modality 
for maxillofacial structures 
based on reconstruction from 

two-dimensional images (1). CBCT is a 
valuable tool in dental diagnosis and treat-
ment planning (2-5). Previous evidence has 
shown that the presence of materials with 
high density and high atomic number leads 
to artifacts in the reconstructed images (6).
A variety of restorative and endodontic 
materials are used in modern dentistry (7, 
8), most of which contain radiopacifier 
agents to allow visualization in dental 
radiographs (9). Materials such as metal 
posts, metal restorations, dental implants, 
and metal crowns cause the formation of 
artifacts. These artifacts appear as shadows 
and lines on the adjacent structures (10, 
11), thereby reducing the diagnostic util-
ity of CBCT images (12). Metal artifact 
reduction (MAR) algorithms and image 
processing methods, developed with the 
aim of reducing potential image distor-
tions, have been introduced to enhance 
the quality of CBCT images (13). How-
ever, significant variability in the results 
obtained by using these algorithms under 
different imaging conditions, such as 
variations in the type of material and its 
placement, has been observed, which 
calls into question the true interpretabil-
ity of the images (14). Therefore, evaluat-
ing the effectiveness of MAR under dif-
ferent conditions appears to be essential. 
Different studies have focused on investi-
gating the quantitative performance of 
MAR algorithms in CBCT images with 
controversial findings. Khosravifard et al. 
(15), using the Canny edge detection tech-
nique to quantify the amount of artifacts, 
found that MAR algorithms of their Vatech 
CBCT scanner significantly decreased the 
amount of artifacts arising from a titanium 
implant and a stainless steel intracanal 
post. Bechara et al. (16) used a phantom 
incorporating three metallic beads and 
three epoxy resin-based bone substitutes 
to simulate bone next to metal and con-
cluded that MAR increased the contrast-

to-noise ratio (CNR) in the presence of 
metal objects. Contrasting these results, 
Soltani et al. (17) reported that MAR algo-
rithm of Genoray CBCT scanner was not 
successful in reducing the  artifacts sur-
rounding ceramic brackets and coated 
archwires. Queiroz et al. (6) concluded that 
while there was a significant reduction in 
artifacts surrounding dental alloys with 
MAR, no difference was detected in the 
artifacts around gutta-percha, regardless 
of MAR use (14). These findings reflect the 
diversity in the results of different studies 
performed on quantification of metallic 
artifacts arising from various dental ma-
terials. To the authors’ knowledge, no study 
has been previously performed to investi-
gate the efficacy of the native MAR algo-
rithm of the Galileos CBCT scanner in 
reducing metallic artifacts surrounding a 
variety of different dental materials and 
in different conditions. Therefore, this 
study aimed to evaluate the efficacy of the 
MAR algorithm in CBCT images for vari-
ous dental materials.

Material and Methods

Study Design and Setting
This ex-vivo study was performed on ex-
tracted human mandibular teeth. The 
study was ethically approved by the Re-
search Ethics Committee, Isfahan Univer-
sity of Medical Sciences (#IR.MUI.RE-
SEARCH.REC.1401.240). A sample size of 
18 regions of interest (ROIs) was deter-
mined for this study. With this number of 
images, there is an 80% probability of 
detecting a difference equivalent to d = 
0.93 (i.e., 0.93 times the standard deviation 
(SD)) between the mean CNR and SD values 
for the different materials at a significance 
level of α=0.05. Inclusion criteria were 
intact crowns without fracture, caries, or 
morphological abnormalities. The teeth 
were excluded if unnecessary loss of den-
tal structures occurred during preparation. 
These teeth, five left first molars (36), five 
right first molars (46), and four left central 
incisors (31).

Sample Preparation
For each dental material, two posterior 
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teeth and one anterior tooth were selected, 
except for amalgam, for which only two 
posterior teeth were chosen. Initially, all 
teeth were disinfected in 70% alcohol, and 
any carious lesions were removed. Subse-
quently, each tooth was prepared for the 
application of the tested materials:
Gutta Percha: two left first molars, two right 
first molars, and two central incisors were 
selected. The canals of these teeth were 
instrumented to the appropriate length and 
width (18). The teeth were then obturated 
with gutta-percha points (Meta Biomed, 
Chungcheongbuk-do South Korea), using 
the lateral condensation technique. Three 
of the obturated teeth (36, 31, and 46) were 
chosen for the evaluation of the gutta-
percha material.
Intracanal post: another three obturated 
teeth (36, 31, and 46) were designated for 
post placement. In the distal canals of teeth 
36 and 46, as well as in the canal of tooth 
31, the root canal filling material was re-
moved first using Piezo #2 and then with 
Piezo #3 (Dentsply Maillefer, Ballaigues, 
Switzerland) up to a depth corresponding 
to two-thirds of the canal length. Following 
this, post-space impressions were taken 
and sent to the laboratory for the fabrica-
tion of cast posts. The cast posts were 
subsequently inserted into the correspond-
ing canals, and the fit of the posts was 

verified using periapical radiography.
Porcelain fused to metal (PFM) crowns: an 
additional three teeth (31, 36, and 46) were 
selected for preparation for the placement 
of PFM crowns. 
The incisal edge of the anterior tooth was 
reduced by 2 mm, and its labial and lingual 
surfaces were reduced by 1.2 mm and 
0.8 mm, respectively. In the posterior teeth, 
the functional cusps were reduced by 
2 mm, while the non-functional cusps were 
reduced by 1.5 mm. 
The buccal and lingual surfaces of these 
posterior teeth were also reduced by 
1.2 mm and 0.8 mm, respectively. After 
taking impressions, the crowns were cast 
and porcelain-fused-to-metal restorations 
were fabricated in the laboratory. The 
crowns were then placed on the respective 
teeth, and the adaptation of the crown 
margins to the teeth was evaluated using 
periapical radiography and a probe.
Amalgam restoration: lastly, an MOD cav-
ity was prepared on two posterior teeth (36 
and 46) and restored with amalgam 
(Cinalux, Tehran, Iran).
The mandible was fixed at the bottom of a 
plastic container using wax; to simulate 
soft tissue conditions, the container was 
then filled with a mixture of water and oil.
CBCT Image Acquisition: the mounting 
positions are schematically shown in Fig-

Figure 1 
Schematic demonstra-

tion of positions of teeth 
in the mandible for CBCT 

imaging: (a) ABC 
position; (b) AB position; 
(c) BC position; and (d) B 

position (Created in  
https://BioRender.com). 

CA

B D

https://BioRender.com


36

Cone-Beam Computed Tomography Images for Endodontic and Restorative Materials

Giornale Italiano di Endodonzia July 2025, 39(2)

ure 1. For gutta-percha, posts, PFM crowns, 
and the intact teeth, CBCT scans were 
performed in three positions:
ABC Position: All three teeth were present.
AB Position: Only teeth 31 and 36 were 
present.
B Position: Only tooth 36 was present.
For amalgam, scans were performed in two 
positions:
BC Position: Both teeth 36 and 46 were 
present.
B Position: Only tooth 36 was present.
For each material in each position, four 
CBCT images were acquired. The proce-
dure involved taking two images without 
activating the MAR algorithm, and then 
two images with activation of the MAR. 
The CBCT scan was repeated twice to ad-
dress any variability in image acquisition. 
All images were acquired using the Gali-
leos CBCT scanner (Sirona, Bensheim, 
Germany) with exposure parameters set 
at 85 kVp and 21 mAs, voxel size 280 mi-
crometers, and field of view 15 cm × 15 cm.

CBCT Image Analysis
The DICOM files generated from the CBCT 
scans were imported into ImageJ software 
(NIH, Bethesda, MD, USA). In a prese-
lected axial image, 18 square-shaped ROIs 
with dimensions of 2 mm × 2 mm were 
created. This was achieved by dividing the 
area surrounding each tooth into six seg-
ments using lines drawn at 60-degree in-
tervals. Additionally, three circular sec-
tions with radii of 5, 10, and 15 mm were 
drawn centered on the tooth, and the in-
tersection points of these lines and circles 

were designated as the ROIs (Figure 2). For 
each ROI, the mean and SD of the gray 
values were calculated. 
To calculate the CNR, an ROI of similar 
size was selected in the water surrounding 
the mandible, and the mean and SD of the 
gray value were recorded as a control. The 
CNR was calculated as follows: 

Data analysis was performed using the 
Wilcoxon test (α=0.05) by the Statistical 
Package for the Social Sciences (SPSS, ver-
sion 26, IBM Statistics, Armonk, NY, USA).

Results

For each dental material, two posterior 
teeth and one anterior tooth were selected, 
except for amalgam, for which only two 
posterior teeth were chosen. Additionally, 
four CBCT images were obtained in each 
of the positions (two with and two without 
activation of MAR). For the amalgam res-
toration, when only one posterior tooth 
was present (position B), there was no 
significant difference between CNR values 
in the MAR activated and deactivated 
conditions, at distances of 5 mm (P=0.248), 
10 mm (P=0.248), and 15 mm (P=0.463) 
from the center of the tooth (overall 
P=0.679). Similarly, when two posterior 
teeth were present (position BC), there was 
no significant difference between CNR 

Figure 2 
ROIs and their position 

in the CBCT axial image
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values of MAR activated and deactivated 
conditions, at distances of 5 mm (P=0.172), 
10 mm (P=0.248), and 15 mm (P=0.463) 
from the center of the left molar (overall 
P=0.711) (Table 1).
For the gutta-percha material, when all 
three teeth were present (position ABC), 
there was no significant difference be-
tween the CNR values of the left anterior 
incisor in active and inactive MAR condi-
tions at distances of 5 mm (P=0.753), 
10 mm (P=0.172), and 15 mm (P=0.463) 
from the center of the tooth (overall 
P=0.982). Similarly, for the left molar, when 
all three teeth were present (position ABC), 
there was no significant difference be-
tween CNR values of MAR activated and 
deactivated conditions, at distances of 
5 mm (P=0.600), 10 mm (P=0.916), and 
15 mm (P=0.753) from the center of the 
tooth (overall P=0.810). The same results 
were found in AB position for the left 

central incisor (P=0.753, P=0.753, P=0.600, 
and P=0.982 for 5-, 10-, and 15-mm dis-
tances and overall, respectively) and left 
molar (P=0.345, P=0.248, P=0.172, and 
P=0.420 for 5-, 10-, and 15-mm distances 
and overall, respectively). In presence of 
the left molar (position B), there was no 
significant difference between CNR values 
of MAR activated and deactivated condi-
tions, at distances of 5 mm (P=0.463), 
10 mm (P=0.248), and 15 mm (P=0.916) 
from the center of the tooth (overall 
P=0.878) (Table 2).
For the PFM crowns, when all three teeth 
were present (position ABC), there was no 
significant difference between the CNR 
values of the left anterior incisor in active 
and inactive MAR conditions at distances 
of 5 mm (P=0.600), 10 mm (P=0.175), and 
15 mm (P=0.753) from the center of the 
tooth (overall P=0.472). Similarly, for the 
left molar, when all three teeth were pres-

Table 1
Mean (SD) of CNR values of teeth in the presence of amalgam restorations.

Position Distance MAR Number Mean (SD) P-value

B

5 mm
Off 6 1.571 (0.763)

0.248
On 6 1.390 (0.812)

10 mm
Off 6 27.374 (6.274)

0.248
On 6 27.392 (6.286)

15 mm
Off 6 19.733 (5.565)

0.463
On 6 19.718 (5.271)

Total
Off 18 16.226 (11.969)

0.679
On 18 16.167 (12.514)

BC (for left molar)

5 mm
Off 6 1.446 (0.669)

0.172
On 6 1.464 (0.647)

10 mm
Off 6 24.857 (4.635)

0.248
On 6 24.839 (4.717)

15 mm
Off 6 21.964 (6.347)

0.463
On 6 21.969 (6.318)

Total
Off 18 16.895 (11.481)

0.711
On 18 16.913 (11.465)
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Table 2 
Mean (SD) of CNR values of teeth in the presence of gutta-percha.

Position Distance MAR Number Mean (SD) P-value

ABC (for left central incisor)

5 mm
Off 6 17.957 (4.706)

0.753
On 6 17.940 (4.681)

10 mm
Off 6 19.844 (2.143)

0.172
On 6 19.824 (2.415)

15 mm
Off 6 22.612 (3.595)

0.463
On 6 22.628 (3.597)

Total
Off 18 19.850 (4.108)

0.982
On 18 19.849 (4.103)

ABC (for left molar)

5 mm
Off 6 13.127 (3.963)

0.600
On 6 12.603 (3.405)

10 mm
Off 6 17.788 (1.784)

0.916
On 6 17.800 (1.762)

15 mm
Off 6 15.453 (3.757)

0.753
On 6 15.452 (3.738)

Total
Off 18 15.456 (3.680)

0.810
On 18 15.285 (3.635)

AB (for left central incisor)

5 mm
Off 6 22.935 (3.243)

0.753
On 6 22.945 (3.325)

10 mm
Off 6 22.270 (2.884)

0.753
On 6 22.179 (2.918)

15 mm
Off 6 22.121 (1.453)

0.600
On 6 22.107 (1.377)

Total
Off 18 22.352 (2.375)

0.982
On 18 22.351 (2.379)

AB (for left molar)

5 mm
Off 6 1.963 (3.339)

0.345
On 6 1.646 (3.136)

10 mm
Off 6 15.315 (2.636)

0.248
On 6 15.297 (2.649)

15 mm
Off 6 18.691 (3.617)

0.172
On 6 18.709 (3.621)

Total
Off 18 14.700 (4.673)

0.420
On 18 14.690 (4.688)

B

5 mm
Off 6 1.539 (2.247)

0.463
On 6 1.552 (2.214)

10 mm
Off 6 15.504 (1.913)

0.248
On 6 15.488 (1.894)

15 mm
Off 6 17.116 (2.650)

0.916
On 6 17.124 (2.671)

Total
Off 18 14.386 (3.594)

0.878
On 18 14.388 (3.586)
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Table 3 
Mean (SD) of CNR values of teeth in the presence of PFM restorations.

Position Distance MAR Number Mean (SD) P-value

ABC (for left central incisor)

5 mm
Off 6 17.813 (4.598)

0.600
On 6 17.825 (4.605)

10 mm
Off 6 2.854 (4.264)

0.175
On 6 2.827 (4.830)

15 mm
Off 6 17.637 (2.522)

0.753
On 6 17.634 (2.513)

Total
Off 18 18.767 (3.894)

0.472
On 18 18.762 (3.884)

ABC (for left molar)

5 mm
Off 6 1.320 (0.655)

0.463
On 6 1.307 (0.648)

10 mm
Off 6 2.239 (4.552)

0.753
On 6 2.251 (4.507)

15 mm
Off 6 18.826 (7.372)

0.600
On 6 18.830 (7.156)

Total
Off 18 13.462 (9.959)

0.810
On 18 13.462 (9.957)

AB (for left central incisor)

5 mm
Off 6 17.827 (4.425)

0.248
On 6 17.796 (4.393)

10 mm
Off 6 18.294 (5.287)

0.600
On 6 18.309 (5.320)

15 mm
Off 6 18.424 (3.585)

0.753
On 6 18.425 (3.601)

Total
Off 18 18.182 (4.223)

0.743
On 18 18.177 (4.230)

AB (for left molar)

5 mm
Off 6 1.479 (1.246)

0.753
On 6 1.494 (1.203)

10 mm
Off 6 18.376 (6.645)

0.248
On 6 18.392 (6.663)

15 mm
Off 6 17.885 (5.703)

0.916
On 6 17.888 (5.691)

Total
Off 18 12.580 (9.396)

0.327 
On 18 12.591 (9.394)

B

5 mm
Off 6 1.232 (1.155)

0.463
On 6 1.228 (1.128)

10 mm
Off 6 18.577 (5.487)

0.753
On 6 18.579 (5.496)

15 mm
Off 6 17.364 (6.582)

0.463
On 6 17.379 (6.539)

Total
Off 18 12.391 (9.390)

0.711
On 18 12.395 (9.386)
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ent (position ABC), there was no significant 
difference between CNR values of MAR 
activated and deactivated conditions, at 
distances of 5 mm (P=0.463), 10 mm (P=0.753), 
and 15 mm (P=0.600) from the center of the 
tooth (overall P=0.810). The same results were 
found in AB position for the left central inci-
sor (P=0.248, P=0.600, P=0.753, and P=0.743 
for 5-, 10-, and 15-mm distances and overall, 
respectively) and left molar (P=0.753, P=0.248, 
P=0.916, and P=0.327 for 5-, 10-, and 15-mm 
distances and overall, respectively). In pres-
ence of the left molar (position B), there was 
no significant difference between CNR values 
of MAR activated and deactivated conditions, 
at distances of 5 mm (P=0.463), 10 mm 
(P=0.753), and 15 mm (P=0.463) from the 
center of the tooth (overall P=0.711) (Table 3).
For the intracanal posts, when all three teeth 
were present (position ABC), there was no 
significant difference between the CNR 
values of the left anterior incisor in active 
and inactive MAR conditions at distances 
of 5 mm (P=0.600), 10 mm (P=0.248), and 
15 mm (P=0.600) from the center of the tooth 
(overall P=0.248). Similarly, for the left molar, 
when all three teeth were present (position 
ABC), there was no significant difference 
between CNR values of MAR activated and 
deactivated conditions, at distances of 5 mm 
(P=0.600), 10 mm (P=0.916), and 15 mm 
(P=0.115) from the center of the tooth (over-
all P=0.111). The same results were found in 
AB position for the left central incisor 
(P=0.248, P=0.248, P=0.753, and P=0.943 for 
5-, 10-, and 15-mm distances and overall, 
respectively) and left molar (P=0.463, 
P=0.345, P=0.345, and P=0.844 for 5-, 10-, 
and 15-mm distances and overall, respec-
tively). In presence of the left molar (position 
B), there was no significant difference be-
tween CNR values of MAR activated and 
deactivated conditions, at distances of 5 mm 
(P=0.248), 10 mm (P=0.345), and 15 mm 
(P=0.916) from the center of the tooth (over-
all P=0.947) (Table 4).

Discussion

The present study investigated the effec-
tiveness of the MAR algorithm in CBCT 
images for dental materials, including 
amalgam, metal posts, PFM crowns, and 

gutta-percha, and it was observed that there 
was no significant difference in the mean 
CNR between the two conditions (MAR 
activated and deactivated) for any of the 
dental materials or at any of the evaluated 
distances and positions.
In 2020, Fontenele et al. (1) performed CBCT 
scans on a human mandible—once with a 
zirconia implant and once without—under 
three MAR conditions (no MAR, MAR 
before exposure, and MAR after exposure). 
Artifacts in the ROIs were measured at 
various distances and angles relative to the 
implant using SD and CNR. They con-
cluded that both MAR conditions reduce 
the amount of artifacts in CBCT images, 
particularly when artifact effects are more 
pronounced. This finding contrasts with 
the present study’s results; the discrep-
ancy may be due to differences in the 
material type under investigation.
Kim et al. (19), in 2020, used four phantoms 
fitted with prostheses made of amalgam, 
gold, zirconia, and PFM. They acquired 
CBCT images both with and without MAR 
activation, as well as under different set-
tings: kVp values of 100 and 70, and voxel 
sizes of 0.2 mm and 0.3 mm. They con-
cluded that the MAR algorithm reduces 
the extent of streaked artifacts, but its effect 
depends on the device settings and the type 
of prosthesis. The differences in results can 
be attributed to the fact that the present 
study did not consider the role of exposure 
settings. In 2022, Farias-Gomes et al. (20) 
investigated the effect MAR algorithm in 
various regions of teeth restored with dif-
ferent posts, and they found that for nickel-
chromium and chrome-cobalt posts, these 
algorithms do not lead to a significant reduc-
tion in artifact levels in the different regions. 
In general, the findings of that study are 
consistent with those of the present study. 
The present study aimed to evaluate the 
effectiveness of the MAR algorithm in 
CBCT images for various dental materials. 
The findings of this study, regarding lack 
of significant efficacy of  Galileos scanner’s 
native MAR algorithm, prompts further 
consideration of several factors that may 
influence both artifact formation and the 
efficacy of artifact reduction algorithms. A 
critical factor that may account for the lack 
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Table 4 
Mean (SD) of CNR values of teeth in the presence of intracanal post restorations.

Position Distance MAR Number Mean (SD) P-value

ABC (for left central incisor)

5 mm
Off 6 16.519 (2.414)

0.600
On 6 16.523 (2.394)

10 mm
Off 6 17.694 (4.192)

0.248
On 6 17.902 (4.158)

15 mm
Off 6 17.873 (3.943)

0.600
On 6 17.883 (3.912)

Total
Off 18 17.154 (3.432)

0.248
On 18 17.165 (3.413)

ABC (for left molar)

5 mm
Off 6 6.525 (3.865)

0.600
On 6 6.523 (3.842)

10 mm
Off 6 16.698 (4.182)

0.916
On 6 16.701 (4.200)

15 mm
Off 6 14.801 (3.228)

0.115
On 6 14.775 (3.239)

Total
Off 18 12.675 (5.767)

0.111
On 18 12.666 (5.068)

AB (for left central incisor)

5 mm
Off 6 19.297 (3.174)

0.248
On 6 19.557 (3.089)

10 mm
Off 6 16.829 (5.861)

0.248
On 6 16.814 (5.848)

15 mm
Off 6 17.927 (3.002)

0.753
On 6 17.921 (2.964)

Total
Off 18 17.933 (4.652)

0.943
On 18 17.930 (4.668)

AB (for left molar)

5 mm
Off 6 8.497 (5.163)

0.463
On 6 8.505 (5.161)

10 mm
Off 6 16.255 (1.610)

0.345
On 6 16.274 (1.639)

15 mm
Off 6 14.866 (6.960)

0.345
On 6 14.850 (6.117)

Total
Off 18 13.206 (5.622)

0.844
On 18 13.211 (5.629)

B

5 mm
Off 6 6.518 (3.430)

0.248
On 6 6.533 (3.421)

10 mm
Off 6 16.952 (3.527)

0.345
On 6 16.802 (3.510)

15 mm
Off 6 14.412 (3.201)

0.916
On 6 14.411 (2.964)

Total
Off 18 12.341 (5.312)

0.947
On 18 12.341 (5.292)
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of significant differences in our study is the 
role of exposure parameters. Our investiga-
tion maintained fixed exposure settings (85 
kVp and 21 mAs), similar to other studies 
where such conditions remained constant. 
In contrast, it is revealed that variations in 
kVp, mAs, and even voxel sizes can alter 
artifact production, thereby affecting the 
performance of MAR algorithms (19). This 
brings into focus the importance of optimiz-
ing exposure settings combined with MAR 
activation to potentially enhance image 
quality. The rapid development of new radi-
ology programs, along with the fast-paced 
advancement in image processing tech-
niques, has led to an increased demand for 
customizable image analysis software. Im-
ageJ is a free image processing software ca-
pable of handling DICOM format images and 
is supported by the National Institutes of 
Health. This software serves as a powerful 
platform for image processing, offering users 
a wide range of tools for comprehensive im-
age analysis (21). Among the limitations of 
the present study is its laboratory-based 
nature. The findings of this study should be 
further examined in subsequent stages using 
CBCT images acquired from patients. In 
addition, employing only one MAR algo-
rithm in this study makes direct comparison 
between different algorithms difficult. As 
an integral part of digital dentistry, CBCT 
imaging is an ever-evolving field (22). With 
the rapid improvements in the field of arti-
ficial intelligence (AI), a promising avenue 
for further research is applying AI-based 
approaches for correcting metallic artifacts 
and improving the image quality in CBCT 
images. Therefore, further research investi-
gating the effects of these modern AI-driven 
methods on the amount of artifacts caused 
by different endodontic and restorative 
materials is recommended.

Conclusion

The activation of the MAR algorithm 
does not significantly reduce metal ar-
tifacts for dental materials such as 
amalgam, metal posts, PFM crowns, and 
gutta-percha. In this context, clinical 
application of these algorithm does not 
provide justifiable added benefits.
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