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Evaluation of a metal artifact reduction algorithm and an
optimization filter in the estimation of peri-implant
dehiscence defects by using cone beam computed
tomography: an in-vitro study

Seval Bayrak, DDS, PhD,” Kaan Orhan,”* Emine Sebnem Kursun Cakmak,” Cansu Goriirgo6z,”
Onur Odabasl,I Dervis Yilmaz,® and Cemal Atakan”

Objectives. The aim of this study was to assess the effect of a metal artifact reduction (MAR) algorithm and the adaptive image
noise optimizer (AINO) optimization filter in the detection of peri-implant dehiscences with cone beam computed tomography
(CBCT).

Study Design. Nine implants (3 zirconium, 3 titanium, and 3 zirconium-titanium) were placed in 3 sheep heads. Dehiscences were
created on the buccal and lingual/palatal surfaces. A total of 9 defects and 9 controls with no defects were evaluated by 3 observers.
Each sheep head was scanned 5 times with 4 scan modes; (1) without MAR/without AINO; (2) with MAR/without AINO; (3) without
MAR/with AINO; and (4) with MAR/with AINO. Receiver operating characteristic analysis and weighted kappa coefficients were
used to calculate diagnostic efficacy and intra- and interobserver agreements for each implant type and scan mode.

Results. For all implant types, dehiscences were most accurately detected when both MAR and AINO were applied (P < .045).
Detection of dehiscences was more accurate with titanium implants (P < .040). There were no significant differences in agree-
ment among and between the observers.

Conclusions. The use of both MAR and AINO enhanced the detection accuracy of artificially created dehiscences in proximity to
implants. Their combined use is recommended for detecting peri-implant dehiscences. (Oral Surg Oral Med Oral Pathol Oral

Radiol 2020;130:209-216)

Absence of cortical bone in the cervical portion of
the alveolar process around an implant is called peri-
implant dehiscence. It may occur as a result of unfavor-
able anatomic conditions, including insufficient bone
and gingival thickness, incorrect implant placement
during surgery, inflammation-generated biofilm, and
excessive loading.'” Early diagnosis is important
because these defects can cause gingival recession,
bone loss, and implant failure. 1,24
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Radiographs are required to detect covered anatomic
structures, such as the alveolar bone. They expose the
degree of interdental and interradicular bone loss, root
length, crown—root ratio, periodontal ligament space,
and any pathoses around the tooth.” Intraoral radio-
graphs are commonly used to evaluate the site after
implant placement. However, they may not provide
sufficient information to diagnose peri-implant dehis-
cence defects if there are subtle changes in the initial
phase and if they occur on the buccal and lingual sides
of the implant because of the 2-dimensional nature of
the radiograph and superposition of surrounding ana-
tomic structures.” Cone beam computed tomography
(CBCT) is currently considered the superior method’
for providing accurate and reliable information with
high-resolution images and low radiation doses (com-
pared with multidetector computed tomography [CT])
in axial, sagittal, coronal, and cross-sectional planes.8

The main limitations of CBCT are beam hardening
and streaking artifacts, which are caused by high-den-
sity materials such as metal and amalgam restorations,
root filling materials, and zirconium and titanium
implants. These artifacts include dark bands and linear

Statement of Clinical Relevance

A metal artefact reduction algorithm and an optimi-
zation filter can be useful in the detection of peri-
implant dehiscence defects, and they should be
developed by CBCT manufacturers.
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streaks around materials that adversely affect the qual-
ity of images and may result in misdiagnosis.’

CBCT manufacturers have developed different meth-
ods to reduce the adverse effects of these artifacts to
improve image quality. One method involves changing
the exposure parameters (e.g., field of view [FOV],
voxel size, peak kilovoltage [kVp], milliamperage
[mA], and exposure time).g In addition, metal artifact
reduction (MAR) algorithms, which improve image
quality by performing mathematical algorithms on the
raw data after the scanning process during reconstruc-
tion, have been developed. This software, however, may
also prevent clinicians from seeing the details of the
main region of interest while removing streaking around
the material by eliminating the effects of beam harden-
ing and streaking artifacts. Additional disadvantages of
this software are the extension of reconstruction times
and the requirement for massive computer power.'*"'

A new imaging setting, adaptive image noise optimizer
(AINO), has recently become available with the Planmeca
ProMax 3-dimensional (3-D) CBCT units (Planmeca Oy,
Helsinki, Finland). AINO analyzes exposure data and dif-
ferentiates noise from fine details during reconstruction,
thereby improving image quality by reducing noise. Noise
is inherent in scans that use extremely small voxel sizes,
and this optimization filter (OF) can be used to mitigate
the increase in noise seen with small voxels.'”

The aim of this study was to assess the effects of
MAR and AINO on the detection accuracy of artifi-
cially created dehiscences in proximity to different
implants in sheep jaws. The null hypothesis stated that
there is no significant difference in the detection of
these defects on radiographs with or without the use of
MAR and AINO.

MATERIALS AND METHODS

Sample preparation

On the basis of a previous study,'” a power calculation
was performed, and sample size was determined
(G*Power 3.1 software; Heinrich Heine University,
Dusseldorf, Germany). This study was carried out
using 3 sheep heads including soft tissues and 3 types
of dental implants: zirconium (n = 3); titanium (n = 3);
and zirconium-titanium (n = 3). One oral surgeon with
7 years of experience placed all of the implants in the
sheep jaws (Figure 1). The implants were inserted with
a subcrestal incision to reflect the mucoperiosteal flap.
The osteotomy was initiated by using a pilot drill, fol-
lowed by sequential drilling to prepare the site accord-
ing to the selected implant size. Copious irrigation with
saline was done during the surgical procedure. Each
implant was inserted with the use of an insertion tool
and a torque wrench. After implant placement, the
same surgeon created standardized artificial dehiscence
defects in the alveolar bone around the implants. The
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Fig. 1. Photograph of the positioned implants in a sheep’s jaw.

mucoperiosteal flap was then closed. Care was taken
not to damage the peri-implant gingiva.

The simulated defects were created at the cervical
portion of the bone around the implant in the buccal or
lingual/palatal surfaces. The defects were half-elliptic
forms, 3 mm in diameter, prepared with high-speed
equipment and use of copious air/water spray and
rounded diamond burs (KG Sorensen, Zenith Dental
Aps, Agerskov, Denmark). In total, 9 dehiscences (5
buccal, 4 lingual/palatal) were created. Nine surfaces
(4 buccal, 5 lingual/palatal) were free of dehiscence
and used as the control group. The known status of
dehiscence defects at each site served as the gold stan-
dard for the CBCT examination.

Radiographic imaging

To provide standardization during CBCT imaging, the
sheep heads were fixed to the machine during scanning.
All images were obtained by using a Planmeca Promax
3-D Max CBCT unit with 4 scan modes: (1) without
MAR/without AINO; (2) with MAR/without AINO;
(3) without MAR/with AINO; and (4) with MAR/with
AINO. The scanning parameters were 90 kVp, 10 mA,
and exposure time of 12 seconds with a 0.100 mm®
voxel size and a 5 x 5.5 cm FOV. Each scan mode was
repeated 5 times for each sheep head, producing a total
of 60 CBCT scans. After image acquisition, all evalua-
tions were performed on a 21.3-inch flat panel color
active matrix TFT medical display (NEC MultiSync
MD215 MG; NEC, Miinchen, Germany) with a resolu-
tion of 2048 x 2560 at 75 Hz and 0.17-mm dot pitch
operated at 11.9 bits. Examples of a titanium implant
image, with or without simulated peri-implant dehis-
cence defects using the 4 scan modes, are shown in
Figures 2 and 3, respectively.

Image analysis

Each scan was evaluated by 3 observers with 8 to
12 years of experience in CBCT imaging. All recon-
structions were performed by using the unit’s software
(Romexis 4.6). Before beginning the CBCT evalua-
tions in the study, the observers were trained on the
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Fig. 2. Sagittal, axial, and 3-dimensional (3-D) slices from cone beam computed tomography (CBCT) images of a titanium
implant with simulated peri-implant dehiscence defects (white arrows) with 4 scan modes: without metal artifact reduction
(MAR)/without the adaptive image noise optimizer (AINO); with MAR/without AINO; without MAR/with AINO; and with
MAR/with AINO.
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Fig. 3. Sagittal, axial, and 3-dimensional (3-D) slices from cone beam computed tomography (CBCT) images of a titanium
implant without simulated peri-implant dehiscence defects with 4 scan modes: without metal artifact reduction (MAR)/without
the adaptive image noise optimizer (AINO); with MAR/without AINO; without MAR/with AINO; and with MAR/with AINO.
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Fig. 4. Receiver operating characteristic (ROC) curves for each scan mode for observer 1 (A), observer 2 (B), and observer 3 (C).

titanium implants (P = .040 and P = .03 1, respectively).
No significant differences were found between zirco-
nium and zirconium-titanium implants according to Az
values (P = .221). Figure 4 shows the ROC curves for
observers 1, 2, and 3, respectively.

No statistically significant differences were detected
among and between observers for any of the scan
modes (P > .05) Weighted kappa coefficients were
lowest in the scan mode without MAR/without AINO
than in the other 3 modes (P < .05). This means that
this scan mode resulted in the poorest agreement
among and between observers on the presence or
absence of dehiscences (fair to good agreement)

compared with the other 3 scan modes (moderate to
very good agreement). Intra- and interobserver
weighted kappa coefficients calculated by scan mode
are shown in Tables II and III, respectively.

DISCUSSION

An accurate and reliable imaging method and a suitable
scanning protocol are essential for clinicians to identify
the alveolar bone level and detect defects around the
implant. This information is crucial for postoperative
assessment of the implant and to select the appropriate
treatment procedures, if necessary.'” Previous studies
have evaluated the detection of peri-implant

Table II. Intraobserver weighted kappa coefficients calculated by scan modes and implant types for each observer

Weighted kappa (SE)
Zirconium Observer 1 Observer 2 Observer 3
Without MAR/Without AINO 0.467 (0.128) 0.567 (0.128) 0.378 (0.064)
With MAR/Without AINO 0.667 (0.128) 0.633 (0.072) 0.639 (0.076)
Without MAR/With AINO 0.598 (0.084) 0.633 (0.072) 0.567 (0.128)
With MAR/With AINO 0.717 (0.065) 0.771 (0.158) 0.816 (0.095)
Weighted kappa (SE)
Titanium Observer 1 Observer 2 Observer 3
Without MAR/Without AINO 0.667 (0.073) 0.743 (0.045) 0.667 (0.065)
With MAR/Without AINO 0.778 (0.158) 0.767 (0.056) 0.671 (0.108)
Without MAR/With AINO 0.714 (0.054) 0.800 (0.067) 0.750 (0.084)
With MAR/With AINO 0.856 (0.084) 0.909 (0.101) 0.835 (0.084)
Weighted kappa (SE)
Zirconium-Titanium Observerl Observer 2 Observer 3
Without MAR/Without AINO 0.350 (0.074) 0.434 (0.048) 0.487 (0.095)
With MAR/Without AINO 0.612 (0.078) 0.548 (0.056) 0.455 (0.054)
Without MAR/With AINO 0.567 (0.079) 0.655 (0.058) 0.498 (0.068)
With MAR/With AINO 0.667 (0.057) 0.729 (0.064) 0.571 (0.076)

AINO, adaptive image noise optimizer; MAR, metal artifact reduction; SE, standard error.
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Table IlI. Interobserver weighted kappa coefficients value and standard error according to scan modes and implant types for first and second readings

Observers 2—3

Observers 1-3

Observers 1—2

Second reading « (SE)

0.571 (0.158)
0.667 (0.128)
0.634 (0.148)
0.567 (0.128)
0.633 (0.128)
0.448 (0.156)
0.500 (0.124)
0.600 (0.124)
0.455 (0.158)
0.671 (0.058)
0.709 (0.131)

First reading « (SE)

0.571 (0.158)
0.550 (0.076)
0.667 (0.128)
0.567 (0.128)
0.645 (0.056)
0.548 (0.156)
0.634 (0.056)
0.678 (0.089)
0.667 (0.128)
0.634 (0.054)
0.690 (0.083)
0.571 (0.158)

Second reading k (SE)

0.455 (0.158)
0.573 (0.098)
0.467 (0.128)
0.667 (0.128)
0.700 (0.056)
0.571 (0.158)
0.512(0.124)
0.667 (0.128)
0.520 (0.084)
0.613 (0.184)
0.813(0.184)
0.771 (0.158)

First reading « (SE)

0.367 (0.128)
0.467 (0.128)
0.412 (0.099)
0.567 (0.128)
0.671 (0.058)
0.571 (0.158)
0.560 (0.068)
0.671 (0.058)
0.512 (0.064)
0.689 (0.084)
0.777 (0.184)
0.571 (0.158)

Second reading k (SE)

0.471 (0.158)
0.663 (0.069)
0.534 (0.148)
0.567 (0.128)
0.667 (0.128)
0.448 (0.056)
0.623 (0.072)
0.668 (0.124)
0.500 (0.167)
0.571 (0.158)
0.812 (0.131)
0.740 (0.184)

First reading « (SE)

0.250 (0.184)
0.498 (0.111)

Implant type

Scan mode

0.467 (0.128)
0.571 (0.158)
0.624 (0.043)
0.500 (0.124)
0.550 (0.124)
0.612 (0.067)
0.500 (0.124)
0.712 (0.078)
0.846 (0.131)

0.629 (0.078)

0.667 (0.174)

Scan modes: (1) without metal artifact reduction (MAR) and without adaptive image noise optimizer (AINO); (2) with MAR and without AINO; (3) without MAR and with AINO; (4) with MAR and with

AINO filters following exposure parameters.

Implant types: (1) zirconium implant, (2) titanium implant, (3) zirconium-titanium implant.

SE, standard error.
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dehiscence defects by using CBCT,'® mainly in dry

human mandibles."’ However, in this investigation, we
used sheep heads, which have the potential to retain
the soft tissue around implants because the soft tissue
and the bone itself are in the path of the X-ray beam.

Bony dehiscences and fenestrations cannot be visu-
alized by conventional 2-dimensional radiography
because of the superimposition of the cortical bone
and/or the dental structures. Thus, CBCT is a better
diagnostic tool than conventional radiography for
detecting periodontal bone defects.” However, most
studies do not take into account the exposure parame-
ters, such as kVp, mA, exposure time, voxel size, and
FOV.” Despite many reports in the literature regarding
the effect of voxel size on root fracture, internal and
external root resorption, and caries detection,”’zo there
are only a few studies on the impact of voxel size on
the visibility of periodontal bone defects.””' Moreover,
only very limited information has been published
regarding OFs.'”"”

There are several algorithms that can be applied for
CBCT imaging, such as MAR and noise reduction
algorithms to help increase image quality during recon-
struction. In the ProMax CBCT unit, the MAR algo-
rithm is power based on a selected threshold, and all
voxels with higher density are corrected, thus reducing
artifacts.”” Queiroz et al.”® stated that the Planmeca
MAR algorithm is applied after automatic thresholding
of raw images in the voxel values corrupted by arti-
facts, followed by image correction; this suggests that
this is a postprocessing algorithm. Planmeca AINO is
an OF that purports to remove noise. It allows for low-
ering exposure values in all imaging modes by reduc-
ing noise and helps improve image quality when using
small voxel sizes. However, no further information has
been published regarding the processing method.

Parrone et al.'” compared the efficacy of 0.75 mm?®
and 0.100 mm® voxel sizes to detect root fractures in
endodontically treated teeth and reported no statisti-
cally significant difference. However, the 0.75 mm®
voxel size radiation dose was greater than the dose
with the 0.100 mm® voxel size (9.2 mGy and 7.4 mGy,
respectively). Thus, to make comparisons, the 0.100
mm® voxel size was chosen in the present research.

In a recent study, Bechara et al.”* investigated the
effects of MAR modes in contrast-to-noise ratio and
concluded that the MAR module increased contrast-to-
noise ratio values and that the MAR mode should be
used for better images. In another investigation, Bechara
et al.”” compared MAR mode accuracy of root fracture
detection in endodontically treated teeth with 2 CBCT
units and stated that accuracy was significantly higher
without the MAR mode than with the MAR mode.

Kamburoglu et al.”® evaluated the diagnostic efficacy
of 4 different artifact image modes (without artifact
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reduction and with artifact reduction in low, medium,
and high modes) for simulated endodontic furcal perfo-
rations in endodontically treated teeth and reported that
image modes performed similarly for detecting end-
odontic furcal perforations. Another ex vivo study by
Kamburoglu et al.'” estimated the accuracy of CBCT
images acquired with or without the MAR algorithm in
detecting buccal periodontal and peri-implant defects
and found no difference among images.

Our results are similar to those of the previously
published studies. The performance of the observers
for detecting peri-implant dehiscences was similar with
or without MAR. However, in this study, an AINO fil-
ter was also used, and the observers had significantly
better results on scans with both MAR and AINO than
on the other 3 combinations of MAR and AINO
(P < .045). Parrone et al. 12 tested AINO to detect root
fractures in endodontically treated teeth and found no
significant improvement in accuracy with AINO.

Recently, Vasconcelos et al.>’ assessed zirconium
implant artifacts with different exposure parameters,
both with and without the MAR mode, in a ProMax
3-D CBCT unit and determined that MAR reduced the
artifact value. In line with the findings of that study,
the MAR algorithm investigated here also was found to
reduce artifacts with no statistically significant differ-
ences among the observers. However, higher kappa
values were achieved with titanium implants for all
observers and scan modes.

Although no information on the operation of the
MAR algorithm and AINO filter is available, the Plan-
meca AINO uses adaptive noise algorithms or adaptive
image de-noising techniques. These techniques are
either semiautomatically or automatically adaptive and
offer better smooth subsurface recovery contained in
the true image. One explanation for the more accurate
detection of the artificially created dehiscences with
the use of the MAR module and the AINO filter is the
consideration of both spatial information and intensity
information between the dehiscences and the implant
itself. MAR uses a selected threshold, and all voxels
with higher density are corrected. When using both
MAR and AINO together, the variables on signal infor-
mation can be used to predict the pixel values. Mini-
mizing the total variation of the signal removes
unwanted details while preserving such details as edges
and the relationship between dehiscences and implants.

The limitations of this investigation are the use of
only 1 CBCT unit, variations in observer experience,
simulated dehiscence defects, small sample number,
use of an in vitro model without motion artifacts, and
the same exposure parameters for all scans. It would be
useful to perform this study with different CBCT units
using various kVp, mA, and FOV settings and a larger
sample size.
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CONCLUSIONS

Despite the limitations of this study, both the MAR
algorithm and the AINO filter enhanced the efficacy of
the detection of artificially created dehiscences in prox-
imity to implants. The combined use of these techni-
ques is recommended for detecting peri-implant
dehiscences. The detection of dehiscences was more
accurate with titanium implants. There were no signifi-
cant differences in agreement among and between the
observers, but weighted kappa coefficients were lowest
in the scan mode without MAR/without AINO than in
the other 3 modes.
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