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Abstract

Background: New cone beam computed tomography (CBCT) devices have the ability to take images with different fields of views
(FOVs) and resolutions. The larger the FOV and the higher resolution of the image, the higher the patient’s dose would be.
Objectives: This research aims to analyze the diagnostic accuracy of FOV’s different dimensions and the various resolutions in the
diagnosis of mandibular condyle erosions.

Materials and Methods: CBCT images using NewTom VGi (Verona, Italy) system in five different FOVs and resolutions (voxel size)
were taken from eight human dried mandibles in which the erosion-like lesions were created on both condyles. Imaging was per-
formed before and after the formation of erosion; afterwards, the images were evaluated by two maxillofacial radiologists to analyze
the absence or presence of the lesions. Resultant data was evaluated by SPSS V. 22.0, McNemar and Kappa statistical methods.
Results: The highest sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and accuracy were at-
tributed to 8 x 8 FOV and the lowest was attributed to 12 X 8 FOV. In analyzing different resolutions, the highest sensitivity, speci-
ficity, PPV,and NPV were attributed to high resolution (0.125 and 0.15 mm voxel size). There was no statistically significant difference
between sensitivity, specificity, PPV,and NPV of different FOVs and different resolutions. Inter-observer and intra-observer cofficiency
were at excellent range.

Conclusion: Considering there was no significant difference between the results, it is possible to use voxels in larger size to reduce
patient’s dose in order to detect mandibular condyle erosions. In addition, FOV with lower patient’s dose is the method of choice.
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1. Background In radiography, erosion is a local radiolucent area
in the condyle accompanied with the density reduction
of the bone’s cortical level (3). Panogramic radiogra-
phy, submentovortex, trans-cranial, trans-pharyngeal, lat-
eral cephalometry, and also conventional tomography,
computed tomography, and magnetic resonance imaging
(MRI) are all the imaging methods that are being used for
temporomandibular in-detail analysis. Newer techniques
include cone beam computed tomography (CBCT), ultra-
sonography, and rapid prototype (RP) (4). However, inter-
pretation of 2D images is hard because of the overlapping
and superimposition of different structures (5). Recently,

Imaging is a significant diagnostic addition to the clin-
ical evaluation of dental patients. With the increasing ar-
ray of imaging modalities, dental radiology plays an inno-
vative role in forming the diagnosis, treatment plan, and
it has a prognostic value (1). Temporomandibular disorder
(TMD) is the most common maxillofacial disorder which
affects the natural operation of the joints. Between 28 to
82 percent of adults have the clinical signs (2). The first
and the most common degenerative change of temporo-
mandibular joint (TM]) is erosion which shows the joint’s
instability.
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CBCT has been developed for maxillofacial regions and has
been accepted and prevalent in dentistry profession and it
provides reconstructed images with high diagnostic qual-
ity using the lower absorbed dose and the shorter scan
time compared to CT examinations (6). During the CBCT
scan, the radiated ray is affected by exposure parameters
including voxel size, field of view (FOV) dimensions, rota-
tion degree, tube’s current and voltage (7).

FOV is one of the parameters (8). Using a smaller FOV
causes the increase of image resolution by the decrease of
fading and scattering radiation (9). Also, it is important
to mention that these new devices have the capability of
imaging with different voxel sizes (different resolutions);
however, the higher the resolution, the higher dose would
be applied to the patient (10).

2. Objectives

Only a handful of studies have been performed on
FOV's different dimensions (11, 12). As there exists different
FOVs and imaging capabilities with different resolutions
in the common CBCT devices, the present research aims to
analyze the effect of FOV’s different dimensions and also
the device’s different resolutions with the same FOVs in the
evaluation of one of the most common temporomandibu-
lar disorders.

3. Materials and Methods

In this experimental (in vitro) study, similar to a study
conducted by Librizzi et al. (13), in the first step, eight
samples of human dry mandible were collected and ster-
ilized. They tried to collect samples that did not have any
erosion or broken parts in condyle; however, in the cases
where some erosion already existed on samples, in order to
reach an exact result and prevent the errors while observ-
ing the provided images, the conditions of condyles were
recorded and they were reported to the observers. Con-
sidering the difficulty of collecting samples, based on the
statistics consultant’s idea, it was decided that the imaging
of each mandible should be done in two conditions: the
first condition entailed the normal and the intact condyles
and the second condition consisted of images after erosion
simulation on the condyle. In the first step, the imaging
process of all of the normal samples (without erosion) was
started through CBCT device. Then, during the imaging
process through CBCT (NewTom, VGi, Italy), the mandible
was putinan optimal position using adhesive tape and was
fixed after setting the light lines. The device we used in our
study was compatible with selecting denture scan mode,

instead of using a patient scan mode for the reconstruc-
tion of soft tissue. The samples were scanned with differ-
ent FOVs and resolutions in CBCT. The FOVs and resolution
were predefined in the CBCT device, and they were as fol-
lows:

1.6 X 6 FOV and high resolution (voxel size 0.150)

2.8 X 8 FOV and high resolution (voxel size 0.125)

3.8 X 12 FOV and high resolution (voxel size 150)

4.8 x 8 FOV and regular resolution (voxel size 0.25)

5.8 X 12 FOV and regular resolution (voxel size 0.3)

The device’s exposure condition was 110 KVP and 27.07
MAS. CBCT provided images that were evaluated on a com-
puter. After making sure about the imaging result, each
image, which was similar to the related sample’s code, was
coded. Next, the reconstructed images were provided from
the imaged samples using NNT Software (thickness = 0.5
mm, step=1mm); finally, it was stored on a DVD. In order to
simulate erosion on condyles, holes were made on the an-
terior pole of the condyles, using a high speed, round bur
hand piece. Erosion size was equal to round bur’s diame-
ter (0.1 mm) and its depth was equal to half of the round
bur’s diameter (0.5 mm). In the next step, all of the ready-
made samples were put in the process of CBCT imaging
(with the same above-mentioned condition) and the con-
structed images were stored on a DVD. Therefore, all of the
16 condyles (with erosion and also without erosion), were
exposed five times, and finally 160 imaging volumes were
prepared and we made multiplanar images from those vol-
umes (Figures1-3).

The coding process of the images provided from eight
normal samples was different from the coding process of
the other eight samples in which the erosion was simu-
lated in the condyle. In the last stage, the provided images
were given to two observers. Our observers were maxillo-
facial radiologists who had at least 5 years of experience in
evaluation of CBCT images. They observed each image sep-
arately. They were not informed of the presence or absence
of the condyle erosions, or the number of the samples with
and without condyle erosion; also the sequence of images
that were given to the observers was random and in a way
that each observer was evaluating the images separately in
a dim room at a specific time of the day (equal condition
for the light) using a Sony 14-inch LED flat-screen monitor
with 800 x 1280 resolution.

Observers were allowed to manipulate images in terms
of contrast, brightness, and magnification. Also, they were
allowed to evaluate images in all multiplanar views. They
were asked to mark the presence or absence of erosion in
condyle as 0 (absence) and 1 (presence). Each score given
by the observers was recorded as a sample unit. Then, af-
ter a month, the observers had to observe and record them
again. Finally, all of the results were given for statistical as-
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Figure 1. Cone beam computed tomography of dry mandibular condyle (mediolateral view)

sessment which included SPSS V. 22.0 (IBM Corp. Released
2013. IBM SPSS Statistics for Windows, Version 22.0. Ar-
monk, NY: IBM Corp), McNemar and Kappa.

4. Results

4.1. Analyzing FOVs and Different Resolutions

Five modes of 6 X 6 FOV and high resolution, 8 x 8 FOV
and high resolution, 8 x 12 FOV and high resolution, 8 x
8 FOV and regular resolution, and 8 x 12 FOV and regular
resolution were analyzed and compared (Tables 1- 3). Fur-
thermore, in order to analyze and compare the different
resolutions, the following modes were analyzed and com-
pared with each other: 8 x 8 FOV and regular resolution
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(voxel size 0.25) with 8 x 8 FOV and high resolution (voxel
size 0.125),12 X 8 FOVand regular resolution (voxel size 0.3)
with 12 X 8 FOV and high resolution (voxel size 0.150). In
general, the ability to detect mandibular condyle erosions
in high resolution modes and regular resolution modes
were compared with each other.

Results of FOV's sensitivity, specificity, positive predic-
tive value (PPV), and negative predictive value (NPV) for all
of the observers were reported. FOV and different resolu-
tion’s receiver operating characteristics (ROC) curve is il-
lustrated in Figures 4 and 5. The area under the ROC curve
is shown in Table 2.

1. In the analysis of different FOVs, the highest sensitiv-
ity, specificity, PPV,and NPV was attributed to 8 x 8 FOVand
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Figure 2. Cone beam computed tomography of dry mandibular condyle (3D reconstruction view)

the least amount was attributed to 12 X 8 FOV. Moreover, in
the analysis of different resolutions, the highest sensitivity,
specificity, PPV, and NPV was attributed to both 8 x 8 FOV
and high resolution and 12 X 8 FOV and high resolution
and between these two high resolution modes, sensitivity,
specificity, PPV, and NPV of 8 x 8 FOV were the highest.

2. By taking ROC curve into consideration, the largest
areawhichis under the curve (the highest accuracy)was re-
lated to 8 x 8 FOV.In addition, in the analysis of resolution,
the highest accuracy was related to the higher resolutions
and between these two high resolution modes, 8 x 8 FOV
had the higher accuracy. However, there was no statisti-
cally significant difference between sensitivity, specificity,
PPV, and NPV between different FOVs and different resolu-
tions.

3. Inter-observer and intra-observer cofficiency were at
excellent range.

5. Discussion

The objective of the present research was to evaluate
different aspects and dimensions of FOV and different res-
olutions of CBCT for the diagnosis of mandibular condyle
erosions. The aim was to find a solution for decreasing pa-
tient’s absorbed dose together with preserving the image
quality and diagnostic value.

One of the goals of this research was to analyze
whether the increase of voxel size causes trouble in the di-
agnosis of mandibular condyle erosions. If no, some mea-
surements should be done to detect mandibular condyle
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Figure 3. Cone beam computed tomography of dry mandibular condyle (mediolateral view)
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Figure 4. ROC curves of different conditions of cone beam computed tomography
(in terms of FOV and resolution) in detection of mandibular condyle erosion

erosions by increasing voxel size, and consequently de-
creasing the received dose by the patient in CBCT examina-
tions.

Based on this study, there was no significant difference
between high resolution modes (voxel size 0.125 and 0.15)
and the methods using regular resolution (voxel size 0.25
and 0.3). However, the best diagnostic power was related
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Figure 5. ROC curves of different resolutions of cone beam computed tomography
(high versus regular) in detection of mandiular condyle erosion

to FOV 8 x 8. Most likely, this is due to voxel size, which
among the five different modes has the minimum voxel
size. Yet, since there is no statistically significant differ-
ence, it is possible to use regular resolutions instead of
higher resolutions, which accordingly decreases the pa-
tient’s absorbed dose and at the same time has an opti-
mum diagnostic value.
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Table 1. Diagnostic Indices of Cone Beam Computed Tomography in Detection of Mandibular Condyle Erosion in Different FOVs and Resolutions®

Sensitivity (%) Specificity (%) PPV (%) NPV (%)
6 X 6 FOV and high resolution 98 97 97.02 97.97
8 X8 FOV and high resolution 99 99 99 99
8 X 12 FOV and high resolution 97 96.7 97 97.02
8 8 FOV and regular resolution 93 96 98.87 93.2
812 FOV and regular resolution 95 95 95 95
High resolution 98 98 98 98
Regular resolution 94 95.5 95.43 94.08
Abbreviations: FOV, field of view; NPV, negative predictive value; PPV, positive predictive value.
*Values are expressed as percentage.
Table 2. Area Under the ROC Curve of Cone Beam Computed Tomography in Detection of Mandibular Condyle Erosion in Different FOVs and Resolutions
6 X 6 FOVand 8 X 8 FOVand 8 X 12FOVand 8 X 8 FOVand 8 X 12FOVand High Regular
high resolution high resolution high resolution regular regular resolution resolution
resolution resolution
The area under 0.975 0.980 0.975 0.945 0.945 0.980 0.948

the ROC curve

Abbreviations: FOV, field of view ; ROC, receiver operating characteristic.

Table 3. Comparison of Different FOVs and Resolutions of Cone Beam Computed
Tomography in the Detection of Mandibular Condyle Erosions

FOVs and resolutions Pvalue
Group 1versus group 2 1
Group 1versus group 3 0.727
Group 1versus group 4 0.454
Group 1versus group 5 1
Group 2 versus group 3 0.453
Group 2 versus group 4 0.302
Group 2 versus group 5 0.791
Group 3 versus group 4 0.804
Group 3 versus group 5 1
Group 4 versus group 5 0.375
High resolution versus regular resolution 0.577

Abbreviations: FOV, field of view;1, 6 X 6 FOV and high resolution; 2,8 X 8 FOV
and high resolution; 3,8 X 12 FOV and high resolution; 4,8 X 8 FOV and regular
resolution; 5,8 X 12 FOV and regular resolution.

Since the sensitivity difference of all modes was not sta-
tistically significant, it could be concluded that CBCT with
any FOV and resolution is a suitable technique to diagnose
mandibular condyle erosions. It is possible to consider
CBCT as a suitable technique for the diagnosis of mandibu-
lar condyle erosions, even in cases in which the resolution
is lower (larger voxel sizes); the results, nonetheless, could
be trusted.

When the specificity is in lower level, because the false

positive is higher, there is the probability of a wrong di-
agnosis. Due to low specificity, the normal mandibular
condyle is reported to have erosion and the therapeu-
tic process would be distorted. Considering the findings
which show the specificity differences in high resolution
modes (voxel size 0.125 and 0.15) and the methods with reg-
ular resolutions (voxel size 0.25 and 0.3) and also different
FOVs is not significant, even in the cases that the resolution
is lower (larger voxel sizes), it is possible to ensure that the
condyle is normal and does not have any problem.

In the present study, the high resolution modes (8 x 8
FOV, voxel size 0.125 mm and 12 x 8 FOV, voxel size 0.150)
were related to the condition with the highest sensitivity,
specificity, PPV, and NPV. Between these two high resolu-
tion modes, 8 X 8 FOV had the highest sensitivity, speci-
ficity, PPV, and NPV; however, it was not significant.

No other similar study in this field exists. Here some
researches have been reviewed about the analysis of FOV
and different resolutions in dentomaxillofacial problems.

Amintavakoli et al. have conducted a research entitled
“The effect of CBCT voxel size on the diagnosis of vertical
and horizontal root fractures: an in-vitro study”. Results
have shown that CBCT accuracy in voxel size under 300 mi-
crometer was better. The highest sensitivity, PPV, and ac-
curacy was in 0.1 voxel size and the highest specificity and
NPV was in 0.76 mm voxel size; however, it was not signifi-
cant (12). The fact that voxel size does not have any effect on
the detection of root fracture and the difference between
voxel sizes were not significant, was in line with the result
of the present research.

Iran ] Radiol. 2019; 16(3):e60493.
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Moreover, Ozer have analyzed the effect of voxel size
(0.4, 0.3, 0.2, and 0.125) on the diagnosis of vertical frac-
tures of the root. Based on the results of their study, both
0.2 and 0.125 voxel sizes had more sensitivity and speci-
ficity although it was not significant (14). Considering the
fact that the smallest voxel size was selected, the results are
in line with the result of the present research. Although
they were analyzing teeth problems (as opposed to our
study which is about erosion in the condyle), different res-
olutions did not have any effect on the diagnosis of the
problem.

In a study conducted by Liedke et al., 0.2, 0.3, and 0.4
voxel sizes were used for the root’s external resorption
analysis. Results indicate that there was no statistically sig-
nificant difference between the voxel sizes. Nevertheless,
according to their study, the best voxel size was 0.3 (15).
Similar to our study, they concluded that there is no sig-
nificant difference between different voxel sizes, but their
size of choice was not the smallest one. Regarding the
use of larger voxel size by Liekde (compared to the use of
small voxel size in our study and Amintavakoli and Ozer),
it seems the results they reached in their studies were due
to the absence of small voxel size. Furthermore, their stud-
ies explored dental problems which is in contrast with our
study evaluating the bony erosion.

Nikneshan et al. conducted a research entitled “Effect
of voxel size on diagnosis of external root resorption de-
fects using cone beam computed tomography”. Artificial
defects were prepared in the buccal and lingual surfaces
of the roots and CBCT scans were obtained with different
voxel sizes. Their results showed similar diagnostic effica-
cies of all voxel sizes. Accordingly, they suggest that larger
voxel size could be used with adequate efficacy for diag-
nosis of root resorption with minimal patient’s dose and
the shortest scanning time (16). The result of their study is
in line with the current study in which we suggest using
larger voxel size to reduce patient’s dose.

The present study has analyzed the effect of FOV’s size
on the diagnosis of mandibular condyle erosions. Among
6 X 6 FOV (voxel size 0.150), 8 X 8 FOV (voxel size 0.125), 8
X 12 FOV (voxel size 0.150) with high resolution, the high-
estamount of sensitivity, specificity, PPV, NPV and accuracy
was attributed to 8 x 8 FOV with high resolution. However,
the difference between these FOVs was not significant. Be-
cause the settings of the device, 8 x 8 FOVwith high resolu-
tion has the lowest voxel size which can have a great effect
on the diagnosis of final image details.

Costa et al. conducted a research entitled “the appli-
cation of large-volume cone-beam computed tomography
in diagnosis and localization of horizontal root fracture in
the presence and absence of intracanal metallic post” in
Brazil. Findings have shown high accuracy in the group
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without metallic post which indicates a considerable sta-
tistical difference in the group which had metallic post. It
was reported that CBCT with small FOV has high accuracy
(73% - 88%) in the diagnosis of horizontal fractures of the
root in cases that did not have metallic posts (17). The men-
tioned factor was in line with the result of the present re-
search. However, no teeth problem was analyzed in this
study and it is different from the present study in that it
analyzed bone disorders. However, the result confirms the
use of small FOV (i.e. it is not necessary to use the large FOV
for the diagnosis of teeth problem)which is in line with the
results of the present study.

Eskandarlou et al. conducted a research entitled “com-
parison between cone beam computed tomography and
multislice computed tomography in diagnostic accuracy
of maxillofacial fractures in dried human skull”. In this re-
search, they used a saw with 20 mm scalpel to create a small
fracture in human dry skull. Results have shown that sen-
sitivity, specificity, PPV, NPV, and CBCT diagnosis accuracy
of 6 X 6 FOV was more than that of 15 x 15 FOV; however
this difference was not significant (11). Although this study
isabout a different problem, it has a similar outcome with
the present research. FOV’s smaller size results in a more
exact record of teeth or maxillofacial problem but there is
no statistically significant difference.

It is obvious that almost all of the studies above could
not find a significant difference between FOV and resolu-
tion. However, it is necessary to have more research in this
field. It seems that it is not necessary to impose extra dose
to the patient. Although CBCT with small voxel size and
a high spatial resolution is suitable for diagnostic evalua-
tions (including details like mandibular condyle erosions),
since smaller voxel sizes result in higher patient dose and
considering the fact that there is not a significant differ-
ence between the results of different voxel sizes and differ-
ent FOVs, it is possible to detect mandibular condyle ero-
sions with methods that decrease the patient’s absorbed
dose.

Our limitation in this study was finding a human ca-
daver. We suggest to other authors to evaluate this condi-
tion in vivo. Also, assessment of other FOVs is suggested for
similar researches. Evaluation of other TM] diseases is also
recommended.
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