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Abstract

Objectives To investigate the influence of orthodontic materials, field of view (FOV), and artifact reduction (AR) on the
assessment of approximal caries using cone beam computed tomography.

Materials and methods Forty non-cavitated and restoration-free human premolars and molars ranging from sound to various
grades of lesions without cavitations were assigned to 13 groups with different combination of fix appliance equipment. CBCT
(cone beam computed tomography) (Planmeca ProMax 3D Mid, Helsinki, Finland) images were obtained using combinations of
three orthodontic bracket materials and two orthodontic archwire with small and large FOVs and with and without AR activation.
Receiver operating characteristic (ROC) analysis was used to calculate the area under the ROC curve (AUC).

Results Interobserver agreement ranged from 0.44 to 0.92 and intraobserver agreement ranged from 0.50 to 0.99. Teeth lacking
orthodontic materials had the highest Az values at 0.84. FOV and AR activation did not significantly affect AUC values (P >

0.05). The AUC data were significantly reduced by the addition of stainless steel wire, NT wire, or a combination of a stainless
steel bracket with stainless steel wire (P < 0.05).

Conclusions The addition of stainless steel wire, NT wire, or a stainless steel bracket with stainless steel wire combination
prevented the diagnosis of non-cavitated interproximal tooth caries by CBCT. With and without AR modes and different
FOVs did not influence the diagnosis of interproximal caries lesions with different types of orthodontic equipment.

Clinical relevance A wide variety of brackets and wire combinations are used in the clinic; however, the extent to which these
combinations impact the diagnosis of caries by CBCT as the effects of FOV and AR algorithms are unknown.

Keywords CBCT - Diagnosis - Orthodontic brackets - Field of view - Artifact reduction

Introduction bitewing, periapical, and panoramic views are routinely used;

however, cone beam computed tomography (CBCT) is also

Fixed orthodontic equipment increases plaque accumulation
and complicates oral care. Such factors increase the progres-
sion of existing caries, and decalcification, which itself leads
to cavities and causes cosmetic problems. Thus, the early di-
agnosis of decalcification and caries are necessary for ade-
quate treatment. Traditional radiographic methods including
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used to evaluate orthodontic treatments for multiple reasons.
Thus, knowledge of caries’ diagnosis using CBCT, and the
effects of both bracket systems and CBCT modalities on im-
ages, is essential for dentists.

Studies of the effectiveness of CBCT have found that it is
similar to that of traditional methods with regard to identifying
interproximal caries without cavitations [1-3]. However,
beam hardening occurs with metallic restorations; thus, such
factors must be considered [4]. Few studies have examined the
effects of bracket systems on the diagnosis of caries [5].
Sanders et al. [5] examined artifacts formed by acryl, stainless
steel, porcelain, and titanium brackets on CBCT images; they
found that stainless steel and titanium brackets increased the
numbers of artifacts. Notably, previous studies have not eval-
uated archwire, brackets, or wire combinations, which are
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used in the clinic. However, different methods have been rec-
ommended for artifact reduction (AR) in CBCT, which may
provide better images [6]. Investigations of the effects of AR
algorithms on the accuracy of caries diagnosis using different
orthodontic material combinations will inform clinicians in
this regard. Another factor that affects image quality is the
field of view (FOV). Previous studies have shown that FOV
has a significant effect on mean gray values in images [7].
With regard to diagnosis of artificial implant defects,
Pinheiro et al. reported that the most successful results were
obtained with a small FOV [8].

A wide variety of brackets and wire combinations are used
in the clinic; however, the extent to which these combinations
impact the diagnosis of caries by CBCT is unknown, as are the
effects of FOV and AR algorithms. In addition, the overall
effect of these combinations on the diagnosis of caries using
CBCT has not been determined. The selection criteria of the
materials used in the study was determined due to the most
commonly usage of orthodontic materials chosen in orthodon-
tic practice.

Thus, this study examined the effects of different bracket
types, wires, and combinations with and without AR algo-
rithms using small and large FOVs.

Materials and methods

This study was approved by the Gaziantep University Faculty
of Medicine Ethic Committee Presidency (Protocol code:
407).

A total of 40 permanent human molars and premolars that
were extracted for orthodontic and periodontal reasons were
included in the study. Sample size was determined by a power
analysis with 70% power and 95% confidence. The selection
criteria for teeth were no cracks and restorations, no develop-
mental anomalies or hypo-plastic structures, ranging from
sound teeth to teeth containing various grades of lesions with-
out cavitations. Two premolars and two molars were embed-
ded into silicon blocks (Zetaplus, Zhermack, Italy) and 10
silicon molds were obtained from the 40 teeth.

Settings

To test the artifact behavior, four different bracket materials
were applied to all premolars in the following order: stainless
steel, ceramic, and plastic meanwhile molar teeth had molar
tubes. In addition, molar tubes were applied to molar teeth,
whereas premolar control teeth had no material added. Each
combination was applied to all silicon molds in order. At the
first stage, no archwire was added, to analyze the effect of
bracket material alone and CBCT images were recorded.

At the second stage, stainless-steel archwire material was
applied to each type of bracket material in the following order:
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stainless steel, ceramic, and plastic. Following the CBCT anal-
yses, NITI archwire materials were applied to each type of
bracket material in the following order to analyze combina-
tions: stainless steel, ceramic, and plastic. As a control group,
all teeth were scanned with no material added. At the end, 13
working groups had been created. As an adhesive, 3 M
Transbond XT orthodontic adhesive was used The character-
istics of the included materials are shown in Table 1.

After sample preparation, teeth were scanned with a CBCT
system with small and large FOVS, with and without AR
option.

Tomography scans were performed using a CBCT device
(Planmeca ProMax 3D Mid, Helsinki, Finland); all images
were obtained using conditions of 90 kVp and 12 mA. For
small FOV (SFOV), 0.15 mm voxel and (240 x 50 mm) was
used. Large FOV (LFOV) was obtained using 0.20 mm voxel
and the (0160 x 90 mm) standard. All combinations of ortho-
dontic materials with small and large FOVs were imaged with
and without application of the AR option (Romexis software,
Planmeca) in high mode. To mimic the soft tissue, blocks
containing teeth were also imaged inside a I mm thick plastic
container with water. A total of 520 CBCT images were re-
corded, and 3120 surfaces were evaluated.

Caries were scored independently by two examiners (OI,
AMA), with a total of 80 mesial and distal surfaces being
evaluated.

For each approximal surface, the observers scored caries
using a S-step confidence scale as follows: 0, radiolucency
absent; 1, radiolucency in 1/2 of the enamel; 2, radiolucency
in all of the enamel; 3, radiolucency up to 1/2 of the dentin; 4,
radiolucency to the pulpal dentin. To assess intraobserver re-
liability, assays were repeated again after 2 weeks.

Histologic validation

Teeth were cut in half at the deepest point of the caries using
an [somet (Buehler, Lake Bluff, IL, USA). Then images of the
divided teeth were obtained using a stereo microscope (Leica,
Wetzlar, Germany) at a 25x magnification. Images were ana-
lyzed using the Leica Application Suite software. The evalu-
ation criteria for the histological findings were as follows: 0,
demineralization absence; 1, demineralization including 1/2
of the enamel; 2, demineralization including all of the enamel;
3, demineralization including up to 1/2 of the dentin; 4, de-
mineralization to the pulpal dentin.

Three separate thresholds were used to evaluate the diag-
nosis of enamel and dentin caries as.

T1 threshold (adopted score 0 as sound), T2 threshold
(adopted scores 1 and 2 as enamel caries), and T3 threshold
(adopted scores 3 and 4 as dentin caries).

. All of the statistical calculations were performed in the
Statistics Department of Gaziantep University using Statistical
Package for the Social Sciences (SPSS v16.0 IBM, Chicago,
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Table 1 Characteristics of

included trials. Equipment

Manufacturer and description

Stainless steel bracket
Ceramic bracket
Plastic brackets

American orthodontics Roth mini master, lot: 641039, Sheboygan, WI, USA
American orthodontics Roth 20/40, lot: 641039, Sheboygan, WI, USA
American orthodontics mechanical lock plastic bracket, lot: 641039,

Sheboygan, WI, USA

Molar tubes

American orthodontics non-convertible low profile direct bond tubes, catalog

number: 957-1041C, Sheboygan, WI, USA

Stainless steel wire
NITI wire
Bonding agent

American orthodontics (0.016 x 0.022 in.) Sheboygan, WI, USA
American orthodontics (0.016 x 0.022 in.) Sheboygan, WI, USA
Transbond XT Light Cure Adhesive paste, 3 M Unitek, Delft, The Netherlands

American orthodontics (0.016 x 0.022 in.) Sheboygan, WI, USA

IL, USA) and MedCalc programs (version 18.11 Ostend,
Belgium. To examine the interobserver and intraobserver
agreement, an intraclass correlation (ICC) was used. Area un-
der the ROC curve values were compared using MedCalc.
Paired sample ¢ tests were used to compare the effects of AR
and FOV. A P value <0.05 was considered statistically
significant.

Results

Histological scores for 80 surfaces were evaluated separately.
A total of 32 surfaces had a score of 0 (no demineralization),
11 had a score of 1 (demineralization including 1/2 of the
enamel), 9 had a score of 2 (demineralization including the
entire enamel surface), 23 had a score of 3 (demineralization
to 1/2 of the dentine), and 5 had a score of 4 (demineralization
to the pulpal dentine). Intraobserver and interobserver agree-
ments are shown in Table 2.

The highest level of intraobserver agreement was obtained
for the plastic bracket, porcelain bracket, and steel wire group
(ICC 0.99), whereas the lowest was obtained in the NITI wire
group (ICC 0.50). The level of agreement between observers
was highest in the plastic bracket group (ICC 0.92), whereas it
was lowest in the steel bracket group (ICC 0.44).

The sensitivity and specificity of groups are shown in
Table 3. Paired ¢ test analyses demonstrated statistically sig-
nificant differences for scores of some groups: the steel brack-
et group between SFOVAR and LFOV, the SFOV-LFOV steel
wire group between SFOVAR and LFOV, LFOV-LFOVAR,
NITI wire between SFOVAR and LFOVAR, SFOVAR-LFOV
and molar tubes between SFOV-LFOVAR, and SFOVAR-
LFOVAR (Table 4). The highest area under the curve
(AUC) value (0.84) was obtained from the without bracket
group at T1, with LFOV but without artifact reduction. The
lowest AUC value belonged to molar tubes at T3 (0.555) with
LFOV and artifact reduction, then to the stainless steel wire
group at T1 (0.575) (LFOV without AR). When comparing all

Table 2  Intraobserver and interobserver agreement.
WB SB PB AB SW NTW SB PB AB SB PB AB MT
SW SW SW NTW NTW NTW
icc
SFOV 0.72 0.87 0.89 0.93 0.95 0.63 0.72 0.83 0.83 0.89 0.84 0.94 0.95
SFOVAR 0.82 0.73 0.95 0.99 0.99 0.73 0.82 0.78 091 0.78 0.72 0.88 0.85
LFOV 0.95 0.93 0.99 0.94 091 0.81 0.65 0.59 0.73 0.82 0.89 0.78 0.81
LFOVAR 0.85 0.79 0.95 0.99 0.85 0.5 0.64 0.85 0.95 0.71 0.6 0.85 0.7
1cc?
SFOV 0.61 0.44 0.64 0.76 0.64 0.75 0.81 0.69 0.73 0.75 0.66 0.71 0.75
SFOVAR 0.75 0.49 0.72 0.75 0.44 0.66 0.68 0.65 0.47 0.74 0.52 0.79 0.46
LFOV 0.82 0.79 0.84 0.76 0.71 0.84 0.82 0.76 0.83 0.89 0.74 0.89 0.86
LFOVAR 0.75 0.72 0.87 0.92 0.81 0.89 0.85 0.83 0.81 0.75 0.72 0.84 0.77

ICC! , intraobserver agreement; ICC? , interobserver agreement; WB, without bracket and archwire; SB, stainless steel bracket; PB, porcelain bracket; AB,
acryl bracket; SW, stainless steel wire; NTW, NITI wire; SBSW, stainless steel bracket-stainless steel wire; PBSW, porcelain bracket-stainless steel wire;
ABSW, acryl bracket-stainless steel wire; SBNTW, stainless steel bracket-NT wire; PBNTW, porcelain bracket-NT wire; ABNTW, acryl bracket-NT wire;
MT, molar tubes; SFOV, small field of view without artifact reduction; SFOVAR, small field of view with artifact reduction; LFOV; large field of view
without artifact reduction; LFOVAR, large field of view with artifact reduction.
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Table 3 (continued)

T3

T2

T1

SFOVAR LFOV  LFOVAR  SFOV SFOVAR LFOV  LFOVAR SFOV SFOVAR LFOV  LFOVAR

SFOV

73.075

73.075

78.845

80.77

48915 67.75 62.99

74.46

53.925
0.

31.765 43.53

60.195
0.77
85.305
71.96

0.79

Specificity (%)

AUC

0.67
32.145
78.845

0.725
46.43

0.625
67.855

75

0.725
67.855
76.925

0.73
75.44
76.945

0.755
78.365

79.22

0.66
83.77

67.75

0.805
89.18

75

0.695
74.785
77.84

0.64
85.305
68.63

64.085
17.645

Sensitivity (%)
Specificity (%)

AUC

Molar tubes

90.385

79.33

0.595 0.845 0.76 0.785 0.76 0.725 0.715 0.685 0.555

0.765

0.77

AUC, area under roc curve; SFOV, small field of view without artifact reduction; SFOVAR, small field of view with artifact reduction; LFOV, large field of view without artifact reduction; LFOVAR, large

field of view with artifact reduction.

of the groups’ AUC values, T1, T2, and T3 did not show
statistically significant differences in the diagnosis of caries
(P>0.05). However, a decrease in the AUC values was ob-
served at T1 and T2 for the control group (without brackets)
compared to the steel wire (T2 LFOV without AR) (P =0.03),
NITI wire (T1 SFOV with AR) (P =0.04), and steel bracket
and steel wire (T1 LFOV without AR) (P =0.03) groups.
Conversely, no significant differences in AUC values were
observed at T3 (P>0.05). FOV and AR activation did not
significantly affect AUC values (P> 0.05). Figure 1 shows
the effects of FOV and AR on CBCT images.

Discussion

Orthodontists frequently use CBCT for orthognathic surgery,
airway measurements, and the evaluation of root resorption.
Although CBCT is not the gold standard approach for caries
diagnosis in routine clinical dental practice, images obtained
for other reasons can be examined for the detection of any
existing pathology [9]. The incidence of caries increases, par-
ticularly when orthodontic equipment has been used [10, 11].

Thus, it is important for dentists to carefully diagnose caries
early to maintain oral health, to plan preventive procedures,
and to avoid economic losses.

To obtain high diagnostic success, it is necessary to com-
bine high sensitivity and high specificity detection methods.
In this study, when sensitivity and specificity were evaluated
separately, it was noted that sensitivity increases as specificity
decreases particularly when metallic equipment was used
(Table 3). For example, the T1 (SFOV with AR) stainless steel
wire teeth had a sensitivity of 97.82% and a specificity of
18.82%. Conversely, T1 (LFOV without AR) bracket-free
teeth had a sensitivity of 83.48% and a specificity of
84.51%. In addition, similar results were obtained for different
groups during the study. These data are similar to those of
Kuzczy et al., [9] who found that metal equipment reduced
the success of detecting caries by CBCT. However, in contrast
to published data [9, 12, 13], the present study showed higher
ranges for sensitivity and lower ranges for specificity in the
control group (WB). In a study by Kulczyk et al., the number
of histologically confirmed carious dentin lesions was small:
only 12 of 68 and 13 of 68 in surfaces next to fillings and
surfaces distal to fillings [9], respectively. In a study by Haiter-
Neto et al., microscopy showed that approximal surfaces were
63% sound and 37% carious [13]. However, in the present
study, 32 surfaces were histologically scored as sound and
48 were scored as carious. This differentiation between ratios
of carious dentin surfaces to sound surfaces may affect statis-
tical outcomes.

In a study by Haiter-Neto et al., the sensitivity values were
determined to be significantly affected for approximal caries
detection when CBCT devices from different manufacturers

@ Springer
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Table 4 Paired sample 7 test comparing AR and FOV effects for each group. (*) indicates significance at P<0.05.

SFOV LFOV SFOV SFOV LFOVAR SFOVAR
SFOVAR LFOVAR LFOV LFOVAR SFOVAR LFOV
Without bracket Mean 0.13 0.04 -0.01 0.03 -0.15 0.11
STD. 0.74 091 0.83 0.9 0.96 0.97
P 0.13 0.71 0.89 0.8 0.16 0.3
Stainless steel bracket Mean 0.14 -0.15 0.3 -0.29 0.16 0.45
STD. 0.98 0.94 1.14 1.02 1.15 1.07
P 0.21 0.16 0.02°%* 0.01%* 0.21 0.00%*
Porcelain bracket Mean 0 -0.05 0.21 -0.05 0.26 0.31
STD. 0.8 1.03 1.56 0.99 1.57 1.62
P 1 0.67 0.26 0.65 0.16 0.11
Acryl bracket Mean 0.11 0.09 0.24 0.03 0.13 0.15
STD. 0.84 0.87 0.89 0.97 0.92 0.83
P 0.24 0.37 0.02%* 0.82 0.23 0.11
Stainless steel wire Mean -0.15 -0.44 041 -0.29 0.56 0.85
STD. 1.08 1.02 1.04 0.93 091 0.94
P 0.22 0.00* 0.00* 0.01%* 0.00%* 0.00*
NITI wire Mean -0.29 0.04 0.4 0.33 0.69 0.36
STD. 0.96 0.97 1.12 0.82 0.88 1
P 0.01°%* 0.73 0.00%* 0.00* 0.00%* 0.00*
Stainless steel bracket steel wire Mean —0.04 -0.26 0.06 -0.18 0.05 0.23
STD. 0.9 1.17 1.24 1.24 1.37
P 0.69 0.12 0.69 0.21 0.72 0.15
Porcelain bracket steel wire Mean -03 -0.2 -0.01 0.1 0.29 0.19
STD. 0.95 1.04 1.22 1.06 1.06 1.08
P 0.01* 0.09 0.93 0.4 0.02%* 0.13
Acryl bracket steel wire Mean -0.19 -0.04 0.24 0.13 043 0.26
STD. 1.07 1.44 1.15 1.54 1.06 1.33
P 0.12 0.81 0.07 0.49 0.00%* 0.1
Stainless steel bracket NITI wire Mean —0.18 -0.23 0.06 -0.05 0.24 0.29
STD. 1.08 1.12 1.19 1.07 1.01 1.05
P 0.15 0.08 0.64 0.68 0.04%* 0.02*
Porcelain bracket NITI wire Mean -0.29 -0.14 0.05 0.15 0.34 0.19
STD. 0.86 1.19 1.15 1.07 1.04 1.06
P 0.00* 0.7 0.21 0.01%* 0.12
Acryl bracket NITI wire Mean -0.25 -0.2 -0.14 0.05 0.11 0.06
STD. 1.31 1.01 0.84 1.35 1.42 0.96
P 0.09 0.08 0.15 0.74 0.48 0.56
Molar tubes Mean -0.09 0.36 0.38 0.45 0.46 0.01
STD. 0.6 1.16 1.11 1.09 1.04 0.89
P 0.2 0.01%* 0.00* 0.00%* 0.00%* 0.9

were used [13]. Previous studies used CBCT devices from
different manufacturers, as well as different FOV's and voxels
[9, 12, 13]. These differences in sample width and statistical
power may have affected the statistical outcomes.
Schwendicke et al. [12] also demonstrated limited sensitivity
and high specificity for initial approximal carious lesions.
However, they presented a meta-analysis with intraoral
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radiography (i.e., bitewing or periapical radiographs); their
study did not differentiate between the radiographic techniques
used [12] . In contrast, the present study focused only CBCT-
based caries detection. Outcomes may differ based on the study
design, imaging technique, degree of knowledge, and number
of observers. In the investigation by Schwendicke et al., carious
lesions under clinical and in-vitro conditions were investigated;
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Fig. 1 CBCT images of NITI wire group. a Small field of view without artifact reduction, b small field of view with artifact reduction, ¢ large field of
view without artifact reduction, and d large field of view with artifact reduction.

comparison between in-vitro and in-vivo conditions suggested
that observers may overestimate sensitivity and underestimate
specificity [12] . This phenomenon should be considered when
interpreting the reported heterogeneity between studies.

X-rays are absorbed by teeth containing metal with limited
light from the space behind the material reaching the detector.
Thus, such occurrences may cause artifacts (i.e., disappear-
ance artifact) [14] that are interpreted as caries. While this
condition increases sensitivity it may cause caries to be
misinterpreted (Fig. 2). In this study, high sensitivity and
low specificity values were observed in groups that contained
steel and NITI, as well as in groups that contained acryl and
porcelain. Although the lowest sensitivity and highest speci-
ficity were observed in dentin caries, AUC values did not
significantly vary among T1, T2, and T3. Thus, the successful
diagnosis of caries was not affected by the level of caries in
each bracket and wire combination.

ROC analyses were used in this study; these analyses eval-
uate sensitivity and specificity, and are recommended for diag-
nostic purposes in medicine and dentistry [15]. AUC values
indicated that caries diagnosis was most successful (0.84) in
the bracket-free group at T1 (LFOV without AR)The least suc-
cessful group (0.55) (LFOV with AR) was the molar tube group
at T3, followed by the stainless steel wire group (0.575) at T1
(LFOV without AR). In a study by et al. [16], the area under the
ROC curve for teeth that did not include restorative materials
was 0.568. In similar studies, Zhang et al. [2] observed an AUC
0f 0.528, while Kalathingal et al. [17] observed an AUC of 0.82
when CBCT was used. Thus, AUC values vary in accordance
with observers’ attention and experience. In addition, caries and
the number of healthy teeth should also be considered when
determining sensitivity, specificity, and AUC values [18].

Although the CBCT image quality of teeth without resto-
rations and brackets is generally good, many patients have
additional materials, including implants, amalgams, and
brackets, which cause artifacts [5, 9] . Sanders et al. [5] exam-
ined teeth with interproximal defects containing steel, titani-
um, plastic, and ceramic brackets and found that metal and
titanium brackets significantly affected interpretation.

Kulczyk et al. [9] investigated the effects of amalgam res-
torations on the diagnosis of interproximal caries using CBCT
and found that diagnosis was insufficient due to low specific-
ity. Moreover, Neto et al. [19] examined the Hausdorff
Distance units for CBCT images with bracket-free, steel
bracketed, and steel wire on steel bracketed teeth where they
found that image quality was satisfactory despite the presence
of orthodontic equipment. Consistent with this, the current
study found that when bracket and wire combinations were
compared to the bracket-free, groups, no significant difference
between AUC values among T2 and T3 groups were ob-
served. However, when caries smaller than % of the enamel
were included, steel wire, NITI wire, and steel bracket and
steel wire groups had significantly lower AUC values, com-
pared to the bracket-free, d groups. Thus, when steel and NT
equipment is used during caries diagnosis with CBCT, small
caries go undiagnosed. In this case, it was difficult to deter-
mine enamel lesions with metallic orthodontic equipment,
which delayed treatment.

Hence, alternative methods are needed for artifact reduction
without increasing the exposure dose. AR was examined in this
study as a possible approach for achieving this objective with
regard to orthodontic equipment. Bechara et al. [6] used AR for
the diagnosis of artificial root fractures; they reported that the
highest accuracy values were obtained without the use of AR
[20] . Candemil et al. evaluated the effectiveness of AR in
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Fig. 2 a Microscopic image of a section of premolar and molar teeth. b
Corresponding CBCT scans of teeth without any orthodontic material, ¢
corresponding CBCT scans of teeth with stainless steel wire. Note that

CBCT artifacts arising from metallic objects in the exomass,
and concluded that AR was not effective in improving CBCT
artifacts from the two different CBCT units used [21].

Kamburoglu et al. compared peri-implant defects and ob-
tained similar results with and without different AR modes
[22] . De Rezende Barbosa et al. evaluated the diagnostic
success of AR in cases with metallic posts and reported better
results using AR [23] . Queiroz et al. investigated the efficacy
of AR in CBCT for different dental materials and concluded
that the use of AR significantly reduced image noise around
the dental amalgam and Cu—Al alloy cylinders [24] .

In the present study, however, the paired test results were
affected by changing AR, in a manner similar to that reported
by Kamburoglu et al. [22] AR did not significantly affect the
accuracy of caries diagnosis. These different outcomes in the
literature might be a result of the examination of different
types of lesions, examination of different dental materials,
and the observers’ subjective interpretations.

FOV may affect mean gray values, interpretation, and suc-
cess of diagnosis [7, 8]. Pinheiro et al. evaluated peri-implant
defects and noted that most successful diagnoses were obtain-
ed with SFOV (4 cm x4 c¢m) [8] .

Da Silveira et al. measured the artificial internal root re-
sorption at LFOV (voxel size 0.200, 0.250) and SFOV (voxel
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CBCT examinations of teeth with stainless steel wire suggests more
severe demineralization relative to bracket-free, and histological views.

size 0.076, 0.1000); they noted that the voxel size changed
resolution, but did not cause significant differences in the re-
sults [25] . Shokri et al. evaluated metal artifacts of dental
implants by using large (6 x 8 cm?) and small (4 x 6 cm?)
FOVs and stated that a smaller FOV significantly reduced
metal artifacts around implants [26] .

In the current study, however, paired test results were af-
fected by changing FOV, similar to the findings Da Silveira
etal. [25]; notably, the difference between SFOVand LFOV
was not significant for AUC values. The present study was
performed to diagnose caries lesions, and did not focus on
mean gray values. Therefore, differences in methodology
may have affected the interpretation and results.

Although working conditions were standardized during
scoring, their perspectives and interpretations may have dif-
fered. While the agreement between observers ranged from
fair to strong, intraobserver agreement ranged from moder-
ate to strong. Thus, this coherent variability may affect the
interpretation. In addition, the study was performed in vitro,
and therefore did not account for true clinical conditions
such as soft tissue imaging and movement artifacts.
Therefore, future studies are anticipated to provide more
detailed information regarding caries diagnosis using
CBCT.



Clin Oral Invest (2020) 24:2487-2496

2495

Conclusion

Fixed appliance equipment, such as steel wire, NITI wire, and
steel brackets, increased the sensitivity ranges for the diagno-
sis of interproximal lesions, compared with the bracket-free
control group. Conversely, the specificity ranges decreased in
samples with appliance equipment. Because of these material
artifacts, we suggest the use of caution when interpreting im-
ages from teeth containing fixed appliances.

All CBCT images obtained with and without AR modes
and different FOVs showed no difference in the diagnosis of
interproximal caries lesions with different types of orthodontic
equipment.
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