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ABSTRACT

Background: Beam hardening and scattering artifacts from high-density objects
such as dental implants adversely affect the image quality and subsequently the de-
tection of fenestration or dehiscence around dental implants.

Objective: This study aimed to assess the efficacy of metal artifact reduction
(MAR) algorithm of two cone-beam computed tomography (CBCT) systems for
detection of peri-implant fenestration and dehiscence.

Material and Methods: In this experimental study, thirty-six titanium
implants were placed in bone blocks of bovine ribs. Fenestration and dehiscence
were created in the buccal bone around implants. CBCT images were obtained us-
ing Cranex 3D and ProMax 3D CBCT systems with and without MAR algorithm.
Two experienced radiologists observed the images. Data were analyzed using SPSS
software. The Kappa coefficient of agreement, the area under the receiver operating
characteristic (ROC) curve, sensitivity, specificity, and accuracy of different imaging
modalities were calculated and analyzed.

Results: Inboth CBCT systems, the use of MAR algorithm decreased the area
under the ROC curve and subsequently the diagnostic accuracy for the detection of
fenestration and dehiscence. The sensitivity, specificity and accuracy of both CBCT
systems were higher in absence of the MAR algorithm. The specificity of ProMax 3D
for detection of fenestration was equal with/without the MAR algorithm.

Conclusion: Although CBCT is suitable for detection of peri-implant defects,
the application of the MAR algorithm does not enhance the detection of peri-implant
fenestration and dehiscence.
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Introduction
he long-term success of implant treatment mainly depends on
the health of peri-implant soft and hard tissues. Absence of pain,
tenderness, mobility, inflammation and infection often indicates
a successful implant treatment. Also, peri-implant marginal bone loss
should not exceed 1-2 mm in the first year after treatment and the ac-
ceptable level of bone loss in the next years is 0.2 mm [1]. Presence
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of adequate peri-implant bone is another fac-
tor, contributing to the success of implant
treatment. Inadequate bone volume in bucco-
lingual direction may cause fenestration and
dehiscence and compromise the long-term
prognosis of implant [2].

Fenestration is a local defect that involves
part of the peri-implant bone surface without
the bone margin. Dehiscence is a local bone
defect, extending from the cervical part of im-
plant towards the apical [3]. Fenestration and
dehiscence can compromise the peri-implant
bone support and lead to peri-implantitis and
failure of osseointegration. Early detection
of these defects can help prevent subsequent
complications and increase the long-term sur-
vival of implants [4].

Radiographic assessment of bone after im-
plant placement is highly important and is of-
ten performed by intraoral radiography. How-
ever, conventional intraoral radiographs only
visualize the mesial and distal parts of the al-
veolar bone and have limitations in visualiza-
tion of buccal and lingual bone defects due to
the superimposition of anatomical structures
[5].

Cone-beam computed tomography (CBCT)
provides three-dimensional images of peri-
implant cortical bone and enables the observa-
tion of buccal and lingual cortices [4]. Also,
CBCT can be used for assessment of the mar-
ginal contour of bone and detection of inter-
osseous defects such as fenestration and de-
hiscence, which cannot be visualized by the
conventional radiography [6]. Despite the nu-
merous advantages of CBCT over the conven-
tional two-dimensional radiographic modali-
ties, the quality of CBCT images is affected
by artifacts. In oral cavity artifacts caused by
high-density objects such as dental implants,
amalgam restorations and root filling mate-
rials account for the majority of CBCT scan
artifacts. These artifacts are basically called
beam hardening and can decrease the diag-
nostic value of CBCT [7]. When the X-ray
beam passes through a high-density object,

low-energy photons are absorbed by a greater
amount than high-energy photons. Beam hard-
ening creates two types of artifacts as follows:
1) artifacts related to metal structures, known
as cupping artifacts, and 2) streaks and bands,
creating extinction or missing value artifacts
between two dense objects [8]. These artifacts
can be mistaken for pathologies or mask the
anatomical structures and complicate correct
diagnosis [9]. Two CBCT artifact reduction
strategies have been proposed in the literature.
The first one is to adjust the exposure settings
by increasing the amperage (mA), time and
voltage (kVp). The other strategy is to use
metal artifact reduction (MAR) algorithms
during image reconstruction to improve the
image quality [7, 10].

Considering the fact that artifacts caused by
dental implants can affect radiographic assess-
ment of peri-implant bone defects, this study
aimed to assess the efficacy of MAR algorithm
of two CBCT systems for detection of peri-
implant fenestration and dehiscence.

Material and Methods

This experimental study, approved by the
research ethics committee of Hamadan Uni-
versity of Medical Science (ethics number:
IR.UMSHA.REC.1396.482), used the rib
bones of freshly slaughtered cows, due to their
high resemblance to alveolar bone. The ribs
were refrigerated to prevent their dehydration.
The soft tissue around the ribs was removed
and the rib bones were cut into 36 bone blocks
with precisely equal dimensions, measuring
8 x 8§ mm with 11 mm height, using a CNC
machine (Pooya Mekatronic Knowledg based
company, Hamadn, Iran) [10]. Also, a plastic
box was designed by the same manufacturer
(Pooya Meatronic, Iran) with the exact same
size as the bone blocks, firmly placed in the
respective plastic box for implant insertion
(Figure 1). Moreover, 36 titanium implants
(SIC invent AG, Switzerland) with 4 mm di-
ameter and 11 mm length were inserted in
bone blocks by an experienced oral and max-
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illofacial surgeon (Figure 2). Considering the
size of implants and bone blocks, the distance
between the implants and the reference buccal
surface was 2 mm.

Boxes in the shape and form of a mandible
were fabricated using five layers of red den-
tal wax with 2 mm thickness, and the bone
blocks were placed in these boxes (Figure 3).
The control CBCT images were obtained from
the bone blocks with inserted implants prior to
the creation of defects using Cranex 3D and
ProMax 3D CBCT systems with and without
enabling the MAR algorithm. Spherical and
cylindrical dental burs were used to create

Figure 1: Bone blocks were prepared with
equal dimensions, measuring 8 x 8 mm with
11 mm height and plastic box was designed.

Figure 2: The bone block was firmly placed
in the plastic box and implants were inserted
in bone block.

Figure 3: The boxes were fabricated in the
shape and form of a mandible using five lay-
ers of red dental wax.

dehiscence and fenestration defects. The de-
hiscence defect was created at the bone block
margin and cervical part of the implant in a
semilunar shape with 2 mm diameter. The fen-
estration defect was created 10 mm lower than
the bone margin at the apical region of the
implant with 2 mm diameter. In order to bet-
ter simulate the natural defects, the margin of
created defects were beveled. A digital caliper
(Mitutoyo Corp, Kawasaki, Japan) was used
to measure the depth and width of defects. The
bone blocks were then placed again in wax
boxes and underwent CBCT [1]. CBCT im-
ages were obtained using ProMax 3D CBCT
system (Planmeca, Helsinki, Finland) with
200 p voxel size and 7.5 x 11 cm? the field of
view, with the exposure settings of 84 kVp and
14 mA and 12 s time, and Cranex 3D (Sore-
dex, Helsinki, Finland) with 200 p voxel size,
6 x 8 cm? field of view, 90 kVp, 10 mA and
14 s time.

For all CBCT scans, the wax rim was lo-
cated in the same reproducible position in the
system. CBCT scans were obtained twice with
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and without enabling the MAR algorithm. The
ProMax 3D images were saved in Romexis
software version 2.9.2 (Planmeca, Helsinki,
Finland) while the Cranex 3D images were
saved in On Demand software (Cybermed
Inc., Seoul, Korea). For assessment of images,
five cross-sections with 1 mm slice thickness
and 1 mm interval were reconstructed such
that one of the sections passed through the im-
plant center (Figures 4 and 5).

Two oral and maxillofacial radiologists
evaluated all the images twice with two week
interval and expressed their opinion regard-
ing the presence/absence of fenestration and
dehiscence defects and recorded the results
in a checklist. The observers were free to as-
sess the images in coronal, axial and sagittal
planes. They were also allowed to adjust the
brightness, contrast and magnification of im-

. 6
a b

Figure 4: Cone Beam Computed Tomography
(CBCT) images were obtained using ProMax
3D CBCT systema a. Fenestration without
Metal Artifact Reduction b. Fenestration
with Metal Artifact Reduction c. Dehiscence
without Metal Artifact Reduction d. Dehis-
cence with Metal Artifact Reduction.

ages.

Data were analyzed using SPSS software
version 22. The data were reported as mean
and standard deviation. The area under the re-
ceiver operating characteristic curve (ROC),
sensitivity, specificity, positive predictive
value (PPV) and negative predictive value
(NPV) were calculated and reported for dif-
ferent imaging modalities. Comparisons were
made based on independent t-test. The kappa
statistics was used to determine the intra- and
inter observer agreements.

Results

The intraobserver agreement was moderate
for images obtained with the MAR algorithm
and good to excellent for images obtained
without the MAR algorithm. The interobserv-
er agreement was poor to moderate for images
obtained with the MAR algorithm and good
to excellent for images obtained without this
algorithm (Table 1).

The area under the ROC curve was calcu-
lated for images of both CBCT systems taken
with and without the MAR algorithm sepa-
rately for the fenestration, dehiscence and no-
defect groups (Table 2).

A: With the MAR algorithm; B: Without the
MAR algorithm; SD: Std. deviation.

Considering the ROC values, the use of
MAR algorithm decreased the diagnostic ac-
curacy (a reduction in area under the ROC
curve) for detection of both defects; this re-
duction was statistically significant for fen-
estration (P=0.020) and no-defect group
(P=0.011). However, it was not significant for
dehiscence (P=0.204) in ProMax 3D. Regard-
ing the Cranex 3D images, the reduction in
accuracy was not significant for fenestration
(P=0.0798), but it was statistically significant
for dehiscence (P=0.004) and no-defect group
(P=0.001).

The sensitivity, specificity, PPV, NPV and
accuracy of each imaging modality were cal-
culated separately for fenestration and dehis-
cence defects (Table 3). For the ProMax 3D
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Figure 5: Cone Beam Computed Tomography (CBCT) images were obtained using Cranex 3D
CBCT systema a. Fenestration without Metal Artifact Reduction b. Fenestration with Metal Ar-
tifact Reduction c. Dehiscence without Metal Artifact Reduction d. Dehiscence with Metal Arti-
fact Reduction.

Table 1: Kappa values (mean and std. deviation) for the intra- and interobserver agreements

Technique Fenestration dehiscence No defect
Intraobserver Interobserver Intraobserver  Interobserver Intraobserver Interobserver
*A 0.692 (0.175) 0.660 (0.131) 0.510 (0.19) 0.442 (0.213) 0.442 (0.55) 0.348 (0.60)
*B 0.948 (0.74) 0.948 (0.37) 0.813(0.265) 0.771(0.218)  0.771(0.211) 0.714 (0.202)

*With the Metal Artifact Reduction algorithm; **Without the Metal Artifact Reduction algorithm

images, all these values for detection of the
no-defect control group and dehiscence in ab-
sence of the MAR algorithm were higher than
the corresponding values in the presence of
the MAR algorithm. For detection of fenestra-
tion, the sensitivity, accuracy and NPV were
higher in absence of the MAR algorithm, but
the specificity and PPV were the same in pres-
ence and absence of the MAR algorithm in
ProMax 3D images.

In Cranex 3D images, all these values for the
detection of no-defect control group, dehis-
cence and fenestration in absence of the MAR

algorithm were higher than the corresponding
values in the presence of the MAR algorithm.

Discussion

Replacement of the lost teeth with dental im-
plants is performed to restore optimal esthetics
and function with no adverse effects on the ad-
jacent soft and hard tissues. Success of implant
treatment depends on many factors, including
the quality and quantity of bone. Radiographic
modalities are highly important for assess-
ment of peri-implant bone. Periapical radi-
ography with the parallel technique is often
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Table 2: Area under the Receiver Operating Characteristic (ROC) curve for images of both Cone
Beam Computed Tomography systems taken with and without the Metal Artifact Reduction
algorithm for the two observers.

ProMax3D Cranex3D
*A *B A B
First 0.703 1.000 0.972 0.968
Obserner 1
Second 0.875 1.000 0.972 0.968
Observer 2 First 0.875 0.984 0.880 0.903 0.021 0.789
Second 0.781 0.983 0.980 1.000

0.808 0.983 0.951 0.960

P-value A P -Value B

Fenestration

Mean (SD)
(0.083) (0.024)  (0.047) (0.041)
P- value 0.020 0.789
First 0.802 1.000 0.587 0.817
Observer 1

Second 0.913 1.000 0.620 0.817

First 0.762 0.774 0.603 0.952
Observer 2 0.002 0.641

Dehiscence Second 0.897 0.952 0.537 1.000
0.844 0.931 0.857 0.896
Mean(SD)
(0.044)  (0.107)  (0.036) (0.094)
P- value 0.204 0.004
First 0.684 0.983 0.680 0.918
Observer 1
Second 0.806 0.953 0.674 0.918
First 0.798 0.867 0.768 1.000
Observer 2 0.110 0.698
No defect Second 0.841 0.975 0.705 1.000
0.782 0.933 0.707 0.959
Mean (SD)
(0.068)  (0.048)  (0.043) (0.047)
P- value 0.011 <0.001

*With the Metal Artifact Reduction algorithm; **Without the Metal Artifact Reduction algorithm

used for postoperative assessment, following
dental implant placement because it is suitable
for assessment of the quality of osseointegra-
tion and presence of peri-implant inflamma-
tion. Periapical radiography is also used to
assess the level of interproximal bone around
dental implants [11]. However, periapical ra-
diography has some limitations, providing a
two-dimensional image of a three-dimension-
al structure. Also, the superimposition of the
adjacent structures complicates adequate de-
tection of peri-implant defects. On the other
hand, it does not enable the precise assessment
of the buccal and lingual bone plates. Thus,
in case of suspecting the presence of fenes-
tration or dehiscence around dental implants,

CBCT should be considered as an alternative
imaging modality [12]. CBCT enables pre-
cise measurement of the cortical bone thick-
ness around dental implants and is suitable for
measurement of the dimensions of peri-im-
plant defects, and also provides images with
much higher quality compared with periapical
and panoramic radiography [13]. When high-
density objects such as dental implants are vi-
sualized on CBCT scans, beam hardening and
scattering artifacts adversely affect the image
quality and subsequently the detection of fen-
estration or dehiscence around dental implants
[2, 14].

Several strategies have been proposed for
CBCT artifact reduction such as the use of a
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Table 3: Sensitivity, specificity, Positive Predictive Value, Negative Predictive Value and accuracy
of ProMax 3D and Cranex 3D Cone BeamComputed Tomography systems with and without
the Metal Artifact Reduction algorithm for detection of dehiscence, fenestration and no-defect

control group.

Dehiscence . Control . i Control
Fenestration Dehiscence Fenestration
Mean — tiean 95%Cl) " Mean (95%Cl) Mean (95%CI)  ean
(95%Cl) ° (95%Cl) ° ° (95%Cl)
0.617 0.758 0.701 0.805
*A 0.833(0.645,1) 0.91 (0.825,0.995)
o (0.476,0.758)  (0.574,0941)  (0.488,0.914) (0.646,0.963)
Sensitivity 0919
*B  0.862(0.652,1) 0.966(0.924,1)  0.945(0.882)  0.833(0.645,1) ' 1
(0.849,0.988)
0.868 0.992 0.606
A 0.853(0.687,1) 1 0.848 (0.695,1)
o (0.798,0.938) (0.984,0.999) (0.527,0.685)
Specificity 0.960
B 1 1 0.920 (0.795,1) ' 1 0.918 (0.825,1)
(0.921,0.999)
A 0.884 1 0.772 0.567 0.980 0.540
esppy (0.802,0.967) (0.598,0.945)  (0.461,0.673) (0.960,0.999) (0.525,0.554)
0.913
B 1 1 0.895 (0.740,1 1 0.881(0.746,1
( ) (0.546,0.980) ( )
0.819 0.869 0.699 0.966 0.861
A 0.934(0.867,1)
***NPV (0.774,0.864) (0.779,0.960) (0.677,0.721) (0.936,0.996) (0.759,0.963)
B 0.0941(0.854,1) 0.984(0.967,1) 0.972(0.941,1) 0.930(0.849,1)  0.970 (0.935,1) 1
0.847 0.864 0.808 0.669 0.968 0.678
(0.759,0.934)  (0.814,0913)  (0.763,0.853)  (0.644,0.694) (0.947,0.990) (0.659,0.696)
Accuracy
0.902 0.892 0.973
B 0.953(0.882,1) 0.992(0.978,1) 0.946 (0.884,1)
(0.833,0971)  (0.793,0.991) (0.949,0.996)

*With the MAR algorithm; **Without the MAR algorithm *** Positive Predictive Value **** Negative Predictive Value

small size field of view, anti-scatter grids and
adjustment of exposure factors, with variable
degrees of success [15]. Moreover, the MAR
algorithms recently introduced by a number
of manufacturers have greatly enhanced the
quality of images [10].

In the present study, the kappa statistics
showed that when the MAR algorithm was
used, inter and intraobserver agreements de-
creased. This finding indicates that the MAR
algorithm did not improve the performance of
the observers. On the other hand, inter- and
intraobserver agreements were higher for the
detection of fenestration than dehiscence de-
fects, irrespective of the imaging modality and
the MAR mode. This finding was in agree-
ment with that of Azevedo-Vaz et al. [1].

According to the literature, the area under

the ROC curve or the AUC value indicates
the technique accuracy [2]. The current results
indicated that for the ProMax 3D images, the
area under the ROC curve for fenestration was
0.983 without the MAR and 0.808 with the
MAR algorithm. These values for dehiscence
were 0.931 without the MAR and 0.844 with
the MAR algorithm. In the control group, the
area under the curve was 0.933 without the
MAR and 0.782 with the MAR algorithm.
For the Cranex 3D images, the area under the
curve for fenestration was 0.960 without the
MAR and 0.951 with the MAR algorithm.
For dehiscence, the value was 0.896 without
the MAR and 0.857 with the MAR algorithm.
The area under the curve was 0.959 without
the MAR and 0.707 with the MAR algorithm,
respectively, for the control group. These find-
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ings indicate that in general, the area under the
curve and subsequently the diagnostic accu-
racy for detection of fenestration was higher
than that for the detection of dehiscence that
was in accordance with the results of Sheikhi
et al. [16] and Azevedo-Vaz et al. [2]. Accord-
ing to the study by Azevedo-Vaz et al. [2], the
detection of a dehiscence defect with only one
inferior border is more difficult than detection
of a fenestration defect with one superior and
one inferior border [2]. In the present study, in
both ProMax 3D and Cranex 3D CBCT sys-
tems, the use of MAR algorithm decreased the
area under the curve and subsequently the di-
agnostic accuracy. These results were in agree-
ment with those of Azevedo-Vaz et al. [2] and
Kamburoglu et al. [4].

Azevedo-Vaz et al. [2] evaluated the effect
of MAR algorithm and the voxel size on diag-
nostic accuracy and found no significant dif-
ference between 0.2 and 0.3 mm voxel sizes
for detection of fenestration and dehiscence.
Since a larger voxel size decreases the patient
radiation dose, the use of a larger voxel size for
the assessment of peri-implant cortical bone is
recommended [2]. In another study, Azevedo-
Vaz et al. [2] concluded that although voxel
size does not affect the diagnostic accuracy for
detection of fenestartion and dehiscence, full
scan (360°) has a higher accuracy than half
scan (180°) [4].

Kamburoglu et al. assessed the effect of
MAR algorithm with high, low and medium
levels on the diagnostic accuracy for detec-
tion of buccal peri-implant and periodontal
defects. They concluded that although the area
under the curve and the diagnostic accuracy
for detection of periodontal defects was bigger
than the corresponding values for peri-implant
defects, no significant difference was noted in
diagnostic accuracy of observers in absence
of MAR for the different levels of MAR al-
gorithm [6]. Moreover, Kamburoglu et al. as-
sessed the effect of the size of field of view
and defect size on diagnostic accuracy for the
detection of peri-implant defects and conclud-

ed that the field size of view had no significant
effect; however, the diagnostic accuracy was
significantly higher for larger defects [1]. Sim-
ilarly, Bachara et al. assessed the accuracy of
the MAR algorithm of ProMax 3D and Master
3D for the detection of root fracture and found
that application of the MAR algorithm in both
systems significantly decreased the accuracy
and maximum diagnostic accuracy belonged
to ProMax 3D in absence of the MAR algo-
rithm [7]. Dalili Kajan et al. assessed the effect
of MAR algorithm on the diagnostic accuracy
for the detection of vertical root fractures in
teeth with post space and pin. They reported
that although the sensitivity for the detection
of vertical root fractures increased by using
the MAR algorithm, the diagnostic accuracy
for the detection of root fractures was not sig-
nificantly different in the presence and absence
of the MAR algorithm [17].

The value of the area under the ROC curve
(mostly greater than 0.7) indicated that CBCT
is an efficient tool for the detection of peri-
implant fenestration and dehiscence. Com-
parison of ProMax 3D and Cranex 3D CBCT
systems in this study revealed that when the
MAR algorithm was not used, the area under
the curve and subsequently the diagnostic ac-
curacy of ProMax 3D for detection of defects
was bigger than that of Cranex 3D. However,
when the MAR algorithm was enabled, the
accuracy of Cranex 3D for detection of fen-
estration and dehiscence increased compared
with ProMax 3D. It may be concluded that al-
though the use of this algorithm decreases the
diagnostic accuracy, this reduction in ProMax
3D was greater than that in Cranex 3D.

In the present study, the sensitivity and spec-
ificity of ProMax 3D for detection of fenes-
tration and dehiscence were higher than 0.61.
These values were higher than 0.70 for Cranex
3D, 1.e. CBCT images obtained by the ProMax
3D and Cranex 3D CBCT systems can cor-
rectly detect the presence or absence of these
defects by over 61% and 70%, respectively.
This finding was in line with that of Sheikhi
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et al. that CBCT images had a sensitivity and
specificity higher than 0.79 for detection of
fenestration and dehiscence [16]; although the
CBCT systems used in the two studies were
different.

In the present study, the use of the MAR
algorithm in both CBCT systems decreased
the sensitivity, specificity, PPV and NPV for
detection of fenestration and dehiscence com-
pared with no use of this algorithm. The only
exception was related to the specificity; in ad-
dition, PPV of ProMax 3D for detection of
fenestration was similar in with and without
the MAR algorithm. This reduction in sensi-
tivity and specificity may be due to the fact
that the MAR algorithm not only eliminates
the image artifacts but also removes some use-
ful gray levels that are beneficial for diagno-
sis [18] that this result was in line with that of
Sheikhi et al. [16] and Azevedo-Vaz et al. [2].
In the study by Sheikhi et al. [16], the values
were higher when the MAR algorithm was not
used. Also, Azevedo-Vaz et al. [2] reported
higher sensitivity, specificity, PPV and NPV
for both defects when the MAR algorithm
was not applied. Moreover, similar to present
results, they found that the specificity of Pro-
Max 3D was the same in presence and absence
of the MAR algorithm.

The manufacturers of CBCT scanners have
developed different MAR algorithms, which
has led to their increasing use in the recent
years. The efficacy of these algorithms has
been the topic of many investigations, report-
ing controversial results. The type and size
of defects, type of CBCT system, and type
of MAR algorithm and the experience of the
radiologist are among the factors that may be
responsible for the variability in results.

Considering the results of the present study
and the available literature, the application of
the MAR algorithm is not effective for detec-
tion of peri-implant fenestration and dehis-
cence. However, it may be useful for the de-
tection of other defects. For example, Cebe
et al. concluded that use of MAR algorithm

significantly increased the diagnostic accuracy
for the detection of proximal caries when the
carious surface was in contact with composite
or amalgam restorations [19].

The current study had an in vitro design, and
fenestration and dehiscence defects were cre-
ated in bovine rib blocks by a bur. Red dental
wax was used to simulate the soft tissue. In
vitro study, setting is different from the clini-
cal one. For instance, in the clinical setting,
the patient movement can aggravate the image
artifacts (causing motion artifact) while this
type of artifact is non-existent in vitro. On the
other hand, beam attenuation in the soft tissue
is different from that in red dental wax. More-
over, the defects created by bur are different
in shape, size and borders with actual defects
in vivo. Leung et al. [2] emphasized that nat-
urally occurring defects develop gradually,
have tapered borders and are more difficult to
be detected compared with artificially created
defects that have sharp borders. In the present
study, the borders of the defects were tapered
(beveled) to simulate the shape and form of
natural defects.

Eventually, it should be noted that applica-
tion of MAR algorithms is difficult and time-
consuming because image reconstruction
takes more time as such. On the other hand,
the techniques employed by these algorithms
to eliminate the metal artifacts are different. In
addition, the voxel size, field of view, signal
to noise ratio, contrast, sensor quality, spatial
resolution and the reconstruction algorithm
can all affect the diagnostic quality of images.

Conclusion

Considering the CBCT systems used in this
study and the applied imaging protocols, the
application of MAR algorithm decreased the
diagnostic accuracy for the detection of fenes-
tration and dehiscence around dental implants.
It may be concluded that application of MAR
algorithm may improve the visual image qual-
ity, but it does not necessarily increase the di-
agnostic accuracy of images.
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