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Objectives To investigate the accuracy of fused CBCT images in diagnosing three distinct
groups of bone changes characterized by volume and thickness decrease in patients with
temporomandibular joint osteoarthrosis (TMJ OA) during follow-up.

Methods In this retrospective study, 109 patients (176 TMJs) with TMJ OA were included.
Two consecutive CBCT images for the same patient were registered and fused. Then, three
image sets were established: without fusion, fused 2D image, and fused 3D image. Three resi-
dents randomly and independently evaluated whether there was condylar resorption with the
three image sets respectively. The samples diagnosed as condylar resorption by the expert panel
were divided into three subgroups according to the volume and thickness decrease calculated
after segmentation. The inter- and intraobserver agreement, receiver operating character-
istic (ROC), and area under the curve (AUC) evaluated the diagnostic capability for different
subgroups.

Results For the volume decrease more than 50 mm? and thickness decrease more than 1 mm
groups, the AUC values for fused image sets were higher than those without fusion (p < 0.01).
For the volume decrease within 50 mm?® and thickness decrease within 1 mm groups, the AUC
values for fused 2D image sets were higher than the image sets without fusion (p < 0.05), but
there was no significant difference between the fused 3D image sets and the image sets without
fusion (p = 0.48 for volume decrease, p = 0.37 for thickness decrease).

Conclusions The fused images can improve the diagnostic accuracy and repeatability for the
samples with at least 50 mm?® volume decrease or 1 mm thickness decrease compared with the
image groups without fusion.
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Introduction

As the growth and development center of mandible,'
condyle modifies its shape throughout an individual’s
entire lifetime.> Some evidence suggests that excessive
overloads, which exceed physiological capacity, can lead
to degenerative remodeling of the temporomandibular
joint (TMJ).3 Temporomandibular joint osteoarthrosis
(TMJ OA) is a degenerative remodeling type affecting
approximately 15.9% of adults and elderly individ-
uals and 0.2% of children and adolescents.® The main
changes experienced by patients with TMJ OA, such as
erosions, osteophytes, flattening, sclerosis, and cyst-like
change,”® occur in bone. CBCT with a higher spatial
resolution and lower radiation dose performs well in
diagnosing bone change when compared with helical
CT.9—12

TMJ OA is a chronic and long-lasting disease.
Follow-up visits for this condition often involve a repeat
CBCT image examination to check for any changes
in the condylar bone. Currently, the common clin-
ical comparison method is to directly observe the two
CBCT images. Researchers have conducted various
studies’* ! comparing condylar bone change during
follow-up, which can be categorized into two groups:
direct observation!*!* and observation using registra-
tion methods.!>" Direct observation may not be suffi-
cient when the bone change is minor, or the condylar
edge is irregular. In such cases, methods of observation
after registration can be used. Schilling et al®* reported
that this method is reliable and can be used to quantify
even subtle bony differences in the three-dimensional
(3D) condylar morphology. Feng et al" further reported
that fused two-dimensional (2D) cross-sectional and 3D
images can provide higher accuracy and consistency in
diagnosing condylar bone resorption compared with
direct observation during follow-up. Although using
fused image for diagnosing condylar bone resorption
can achieve high diagnostic accuracy and consistency,
there is still a lack of quantitative evidence to determine
how much the difference in bone volume decrease can
be differentiated and still maintain that accuracy and
consistency after image fusion.

Thus, the main purpose of the present study was
to explore how accurately a small range of volume
decrease of the condylar bone during the follow-up can
be detected. To achieve this purpose, we divided the
samples with bone resorption into three groups based
on volume and thickness decrease, respectively.

Methods and materials

Subjects

According to the previous study,” the prevalence of
bone resorption was 57%. Assuming that the propor-
tional incidence of bone decrease more than 100 mm?,
between 50 and 100 mm?, and less than 50 mm? is 19%
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Figure 1 Flowchart of study subject selection. TMJ, temporoman-
dibular joint.

respectively, and the proportional incidence of the three
groups with thickness decrease of more than 2mm,
between 1 and 2mm and less than 1mm is also 19%
respectively, at least 17 positive cases for each group
were needed when a sensitivity and specificity of 0.85
for fusion images is considered for the detection of bone
decrease in different groups.

In the present study, we collected a total of 122 posi-
tive cases and 54 negative cases as shown in Figure 1.

This study was registered for the WHO international
clinical trial (ChiCTR2200060049), filed in the Chinese
Medical Research Registration and Filing System
(MR-11-23-016454), and approved by the Institutional
Review Board of Peking University School and Hospital
of Stomatology (PKUSSIRB- 201944056). This study
included 176 TMJs from 109 patients who visited the
Center for Temporomandibular Disorders and Orofa-
cial Pain at Peking University School and Hospital of
Stomatology from 2015 to 2021. The other 42 condyles
of 109 subjects were not included due to the absence of
imaging changes in bone on CBCT images at both time
points. The inclusion criteria were as follows: (1) the
patients have been diagnosed with TMJ OA according
to Diagnostic Criteria for Temporomandibular Disor-
ders (DC/TMD)?; (2) the acquired CBCT image data
included the full TMJ structures; (3) the patients’ age
was more than 25 years. The exclusion criteria were
as follows: (1) metal or motion artifacts influence the
quality of CBCT image data; (2) the interval of two
CBCT examinations was less than 3 months. The
3-month cut-off was chosen for one reason that the
radiographic manifestations of bone resorption often
require a certain amount of time to develop, and the
other is that a 3-month interval aligns with the clinical
follow-up intervals.
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Figure 2 Example images of the condyles with different ranges of volume decrease. The oblique coronal images were scanned at the first visit
(a—d), at the second visit (e-h), the fused 2D cross-sectional images (i-1), the fused 3D images (m-p), and the fused 3D images after the segmenta-
tion of condyles. a, e, i, m, and q were samples without bone change; b, f, j, n, and r were samples with volume decrease within 50 mm?; ¢, g, k, o,
and s were samples with volume decrease between 50 and 100mm?; d, h, 1, p, and t were samples with volume decrease more than 100 mm?. The
red arrow indicates bone resorption. 2D, two-dimensional; 3D, three-dimensional.

CBCT image acquisition
The patients kept maximal intercuspation in a sitting
position with the Frankfort plane paralleling to the floor
during the CBCT scan. The thyroid collar was worn to
reduce the radiation to patient. The CBCT unit used
was 3D Accuitomo 170 (J Morita Mfg., Corp., Kyoto,
Japan). The exposure parameters were as follows:
scanning time of 17.5s, tube current of 5-6 mA, tube
potential of 85-90 kVp, and field of view (FOV) was
6 x 6cm, which included one side of TMJs and part of
the mandible.

All the CBCT image data sets were reconstructed
with a voxel size of 0.125mm and exported in Digital
and Communication in Medicine (DICOM) format.

Image registration

The registration of two consecutive CBCT image data
sets from the same patients was carried out with the
Amira visual software (v. 2020.2, Thermo Fisher Scien-
tific, France) in the multiplanar viewer module. The
registration included three steps: manual registration,
auto registration, and manual adjustment. The rigid
transform model was adopted for this registration,
and the voxel registration was performed based on the
mandibular ramus and the coronoid process, which
were relatively stable parts for patients with TMJ OA.

Dentomaxillofac Radiol, 52, 20230337
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The first CBCT image data set was set as the primary
data and the second data set was set as the overlay
data. More detailed information could be found in the
previous study.!®??

To evaluate the registration accuracy, two oral and
maxillofacial radiologists with 4 and 10 years of experi-
ence in CBCT image interpretation evaluated the regis-
tered images using the subjective evaluation method of
a 5-point scale (1-very poor, 2-poor, 3-average, 4-good,
5-very good) randomly and independently. All the
samples were kept for further analysis when the evalua-
tion points reached 4 or 5. As for the samples with scores
of 1,2, 3, a manual adjustment was used to additionally
adjust the registration. In case that the evaluation point
does not reach score 4 and 5 neither, the images were not
used for further assessment.

To evaluate the registration repeatability, 104 data
sets from 52 TMJs were randomly selected to register
one more time after 2 weeks. The displacement trans-
lation values in the X, Y, and Z axis, and the position
and rotation angle of the X, Y, and Z rotation axis of 52
overlay data sets were recorded.

Reference standard
The reference standard was acquired by the expert
panel. Two oral and maxillofacial radiologists with 10
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Figure 3 Example images of the condyles with different ranges of thickness decrease. The oblique coronal images were scanned at the first visit
(a—c), at the second visit (d—f), and the fused 2D cross-sectional images (g—i). a, d, and g were samples with a thickness decrease within 1 mm; b, e,
and h were samples with a thickness decrease between 1 and 2mm; c, f, and I were samples with a thickness decrease of more than 2mm. The red

arrow indicates bone resorption. 2D, two-dimensional.

and 25 years of experience each, and one expert with
an experience of over 30 years in oral and maxillofacial
surgery (mainly for the diagnosis and conservative treat-
ment of TMIJ disease) acted as the expert panel. Two
options, yes or no, were presented to two experts to inde-
pendently determine whether any condylar resorption
had occurred for the second CBCT images according to
the two consecutive CBCT images without fusion, fused
2D cross-sectional, and fused 3D images. In case that
the determinations were not the same, the specialist with
an experience of over 30 years in oral and maxillofacial
surgery was involved in negotiation and confirmation.

Quantitative measurement based on volume decrease

The segmentation process was conducted with segmen-
tation module in the Amira visual software. Before
segmentation, the overlay CBCT data set was resampled
with respect to the primary CBCT data set after regis-
tration. The segmentation includes two steps: automatic
segmentation and manual correction. For the automatic
segmentation, the lower and upper gray level threshold
was set up first. The lower threshold was between 200
and 400 and the upper threshold was set as 1500. For
the same TMJ scanned at two different times, the lower
gray level threshold was set at the same threshold value
to reduce the possible effect on condyle volume calcu-
lations. After automatic segmentation, the investigator
manually modify the segmentation labels layer by layer

in three planes of space (axial, oblique sagittal, oblique
coronal). The lower boundary of the segmentation was
the sigmoid notch. Before the segmentation, the CBCT
data obtained from the second time point were aligned
and resampled with the CBCT data from the first time
point, which was considered as the basis. Thus, when the
lowest layer of the Z-axis of the image data segmented
at the two time points was the same, the two consecu-
tive CBCT image was segmented at the exactly the same
lower boundary (Figure 2g-t).

After the segmentation, the volume of the condyle
above the sigmoid notch was calculated. Then, the
volume difference of the same condyle scanned at two
times was calculated. All the samples with bone resorp-
tion determined by the expert panel were divided into
three groups: volume decrease more than 100mm?
(Figure 2d, h, 1, p and t); volume decrease between 50
and 100 mm? (Figure 2c, g, k, o and s; volume decrease
less than 50 mm? (Figure 2b, f, j, n and r).

All the segmentation process was completed by the
same investigator. To verify the repeatability of the
segmentation, 52 data sets from 26 TMJs were randomly
selected to segment one more time after 2 weeks. The
volumes were recorded.

Quantitative measurement based on thickness decrease
The thickness decrease for the samples with bone
resorption was measured in the coronal view of the
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Table 1 Demographic feature, volume and thickness decrease characteristics of the study sample
Total samples Positive samples Negative samples p-value
Number of patients 176 122 54 NA
F/M ratio 163:13 118:4 45:9 0.003
Age + SD 36+ 10 35+ 10 37+12 0.051
Interval time (month)
Average = SD 15.7+12.9 16.7 £ 13.9 13.5+10.1 0.092
Median (IQR) 10.5 (6.0-23.0) 11.0 (6.0-27.0) 9.0 (5.0-22.3)
Average VD (mm?)
Average = SD 64.63 £ 109.96 95.35+118.26 -4.78 +30.24 0.000
Median (IQR) 29.50 (-6.75-115.5) 70.00 (6.75-144) -5.00 (-34.50-24.75)
Average TD (mm)
Average = SD 1.22+1.36 1.76 £ 1.31 0£0 0.000

Median (IQR) 0.88 (0.00-1.85)

1.34 (0.80-2.55) 0 (0-0)

IQR, interquartile range; NA, not applicable; Negative samples, samples without condylar bone decrease; Positive samples, samples with
condylar bone decrease; SD, standard deviation; TD, thickness decrease; VD, volume decrease.

multiplanar viewers after registration. The first step was
to adjust the 2D threshold as 0-1500, the second step
was to correct the coronal image to the largest observa-
tion plane, and the last step was to record the 3D coor-
dinates of the two farthest points reflecting thickness
changes in the resorption area of the condylar bone.
Then, the distance was calculated using a formula. All
measurement process was repeated three times by the
same investigator to reach an average value.

All the samples with bone resorption determined by
the expert panel were divided into three groups: thickness
decrease more than 2mm (Figure 3c, f and i; thickness
decrease between 1 and 2 mm (Figure 3b, e and h) and
thickness decrease less than 1 mm (Figure 3a, d and g).

Image evaluation

Three oral and maxillofacial radiology residents with
different years of experience (1, 4, and 4 years respec-
tively) acted as observers. All the observers were cali-
brated with an additional session of images before
evaluation. The theory of image registration and
fusion, the use of software, and evaluation methods
were explained and demonstrated before the formal
experiment. Three sets of images ((1) CBCT images
at two time points without fusion; (2) fused 2D cross-
sectional CBCT images; (3) fused 3D CBCT images) for
176 TMJs were evaluated randomly and independently.
There was at least 1 week apart between any two sets of
image evaluations. There were five choices offered to the

Table 2 Wilcoxon signed ranks test for the repeatability of registration

observers for the evaluation of condylar resorption: (1)
definitely no resorption; (2) probably no resorption; (3)
questionable; (4) probably resorption; and (5) definitely
resorption.

While evaluating, the observers could adjust the
images’ position, angle, and magnification freely with no
time limits in a quiet and dim room. The monitor used
during the observation was Nio Color 5.8 MP (MDNC-
6121) display (Barco NV, Kortrijk, Belgium).

For the evaluation of intraobserver consistency, 89
samples were randomly stratified from 176 samples for
the secondary evaluation, which include 27 samples
without condylar resorption, 25 samples with volume
decrease more than 100mm?,10 samples with volume
decrease between 50 and 100 mm?, and 27 samples with
volume decrease within 50mm?®. The same observers
evaluated these samples 4 weeks later under the same
condition.

Statistical analysis
Power Analysis and Sample Size (PASS) software
package v. 21.0.3.0 (NCSS, LLC, Kaysville, UT) was
used for sample size calculation. IBM SPSS Statistics
for Windows v. 25.0 (IBM Crop., Armonk, NY) and
MedCalc Statistical Software v. 20.027 (MedCalc Soft-
ware bvba, Ostend, Belgium) were used for data analysis.
Wilcoxon signed-rank test was used to determine the
statistical significance of the repeatability of registra-
tion. A p-value of 0.05 or less was considered significant.

TX2 - TXI TY2-TYI 172 -TZI RX2 - RXI RY2-RY]  RZ2-RZI  R2-RI
z -.929¢ -920¢ -1.4028 -.993¢ -1.038¢ -410° -756
Asymp.Sig. (2-tailed) 353 358 321 299 682 450

R1, R2, the rotation degree for the first and second registration; RX1, RY1, RZ1, RX2, RY2, RZ2, the rotation axis of X, Y, Z-axis for the first
and second registration; TX1, TY1, TZ1, TX2, TY2, TZ2, the translation of X, Y, Z-axis for the first and second registration.

“Based on negative ranks.
"Based on negative ranks.

Dentomaxillofac Radiol, 52, 20230337 birpublications.org/dmfr


http://birpublications.org/dmfr

30
20 -
I T +1.96 SD
10+~ L 1.7
i \_'_\*ﬁﬁi,__éf/)””””/ Mean
g 0 TEETE I 1.0
S ol T -1.96 SD
L -9.6
-20 -
-30
-40 [ ! ! I I ! I L

500 1000 1500 2000 2500 3000 3500 4000
Mean of V1 and V2

Figure 4 The Bland-Altman plot for the volume difference of
repeated segmentation. The green lines are the maximum allowed
difference between two times of segmentation, the red dashed lines
represent the lower and upper limit of agreement, and the blue line
represents the average difference. The orange lines were the 95% CI of
the regression line of difference. V1, V2 (mm?): the volume calculated
by the first and second segmentation. CI, confidence interval.

The Bland-Altman analysis was used to verify the
repeatability of segmentation results.

The intra- and interobserver agreement was assessed
by intraclass correlation coefficients (ICCs). ICC values
and their 95% confidence intervals were calculated
based on a single-rating (intra-agreement)/mean rating
(inter-agreement), absolute-agreement, and 2-way
mixed-effects model. The ICC values were interpreted as
poor (<0.50), moderate (0.50-0.75), good (0.75-0.90),
or excellent (>0.90) in agreement.?

The eeceiver operating characteristic curves (ROCs)
was performed with MedCalc Statistical Software for
the representation of diagnostic accuracy of the six
image sets.

Results

The demographic and volume/thickness decrease char-
acteristics is shown in Table 1. Totally, 176 samples were
collected, which included 122 positive samples and 54
negative samples. The mean age was 36 £ 10 years and
163 samples were from females and 13 samples were
from males. The average interval time between the
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two CBCT scans of the same patients was 15.7 = 12.9
months.

Results from the Wilcoxon signed ranks test showed
no significant difference between the two registrations
(Table 2).

The Bland-Altman analysis indicates the volume
differences from the two segmentations. 50 out of
52 points were within the 95% limits of agreement
(Figure 4). This result indicates that the segmentation
process has a good repeatability (p = 0.18)

Interobserver agreement of the three observers is
shown in Table 3. All the fused image sets reached good or
excellent agreement (ICC >= 0.82) for the six groups. For
the image set without fusion, the interobserver agreement
was good (ICC = 0.79) to the group of volume decrease
more than 100 mm?, moderate (ICC = 0.58) to the group
of volume decrease between 50 and 100 mm?, and poor or
moderate (ICC =0.53 (0.32-0.68)) for the group of volume
decrease within 50 mm?. The same tendency was found for
the three groups with different thickness decrease.

Intraobserver agreement of the three observers is
shown in Figure 5. For the fused image sets, the intraob-
server agreement was good or excellent for the following
groups: volume decrease more than 100 mm?, between
50 and 100mm?, thickness decrease more than 2mm,
between 1 and 2mm. The intraobserver agreement was
moderate or good for the volume decrease less than
50mm? and thickness decrease less than 1 mm groups.
For the image sets without fusion, the intraobserver
agreement was poor or moderate for the six groups with
only one exception.

The areas under the ROC curve (AUC) from the
pooled data of the three observers are shown in Table 4
and the p values when comparing AUC of each image set
for the six groups are shown in Table 5. For the volume
decrease more than 100 mm?, between 50 and 100 mm?,
thickness decreases more than 2 mm, and between 1 and
2mm subgroups, the AUC values for the fused image
sets were significantly higher than the image sets without
fusion. For the volume decrease within 50mm?® and
thickness decrease within 1 mm subgroups, there were
no significant differences between the fused 3D image
sets and the image sets without fusion, but there were
still significant differences between the fused 2D cross-
sectional image sets and the image sets without fusion.
The ROCs from the pooled data of three observers for
six groups are shown in Figure 6.

Table 3 Interobserver agreement for each group of the three image sets (ICC [95% CI])

VD VD
>100 mm? 50—-100 mm?

<50 mm?

TD TD TD
>2mm 1-2mm <Imm

Without fusion
Fused 2D
Fused 3D

0.79 (0.68-0.86) 0.58 (0.35-0.73)
0.95(0.92-0.96) 0.90 (0.85-0.93)
0.91 (0.86-0.94) 0.86 (0.76-0.91)

0.53 (0.32-0.68)
0.84 (0.78-0.89)
0.84 (0.75-0.89)

0.79 (0.67-0.87) 0.67 (0.50-0.78)  0.45 (0.21-0.62)
0.94 (0.91-0.96) 0.92(0.88-0.94)  0.82 (0.75-0.88)
0.90 (0.84-0.93) 0.88 (0.81-0.92)  0.83 (0.73-0.89)

2D, two-dimensional; 3D, three-dimensional; TD, thickness decrease; VD, Volume decrease.
ICC values, agreement was rated as “poor” (<0.50), “moderate” (0.50-0.75), “good” (0.75-0.90), and “excellent” (>0.90). Without fusion: two
times CBCT without fusing; fused 2D, fused image show in 2D cross-sectional; fused 3D: fused image show in 3D.
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Figure 5 The histogram of the interobserver agreement for six subgroups. (a) The interobserver agreement of three observers in three volume
subgroups on the three sets of images. (b) The interobserver agreement of three observers in the three decreased thickness subgroups. O1, observer

1; O2, observer 2; O3, observer 3.

Discussion

In the present study, when the condyle volume decreased
by more than 50mm?® or the thickness decreased by
more than 1 mm, the diagnostic accuracy of the fused
image sets was significantly higher than that of the
image sets without fusion according to AUC values
(Table 4, Figure 6a, b, d and ¢). When the volume
decreased within 50mm? or the thickness decreased
within 1 mm, the diagnostic accuracy was lower than
those with volume decrease more than 50mm?’ or
the thickness decrease more than 1mm for the fused

image sets (Figure 6¢ and f). For all the six groups, the
interobserver agreement reached good or excellent for
the fused image sets. When the volume decrease was
within 100 mm? or the thickness decreased within 2mm,
the interobserver agreement was poor or moderate for
the image sets without fusion. The same tendency was
for the intraobserver variances. This indicates that the
observers have a good diagnostic accuracy and repeat-
ability in the evaluation of condylar resorption from the
fused CBCT images.

Some studies have quantitatively analyzed condylar
resorption. Paniagua et al used SPHARM-PDM

Table 4 Area under the receiver operating characteristic curve (AUC) for six groups for the three image sets

VD VD VD TD D TD
> 100 mm? 50-100 mm? < 50 mm? > 2mm 1-2mm < Imm
Without fusion 0.88 (0.84-0.92) 0.82 (0.76-0.86) 0.69 (0.63-0.74) 0.91 (0.87-0.94) 0.80(0.74-0.84)  0.67 (0.61-0.72)
Fused 2D 0.97 (0.94-0.99) 0.96 (0.92-0.98) 0.79 (0.75-0.84) 0.97 (0.94-0.99) 0.95 (0.9-0.97) 0.76 (0.71-0.81)
Fused 3D 0.94 (0.91-0.96) 0.93 (0.89-0.96) 0.71 (0.66-0.76) 0.94 (0.91-0.97) 0.89 (0.85-0.92)  0.70 (0.65-0.75)

Fused 2D, fused image show in 2D cross-sectional; Fused 3D, fused image show in 3D; TD, Thickness decrease; VD, Volume decrease; Without

fusion, two times CBCT without fusing.
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VD VD VD TD TD TD
>100 mm? 50100 mm? <50 mm’ >2mm 1-2mm <Imm
Fused Fused Fused Fused Fused  Fused3D  Fused  Fused3D  Fused  Fused3D  Fused  Fused
2D 3D 2D 3D 2D 2D 2D 2D 3D
Without <0.05 <0.05 <0.05 <0.05 <0.05 0.48 <0.05 0.13 <0.05 <0.05 <0.05 0.37
fusion
Fused 2D 0.049 0.19 <0.05 0.056 <0.05 0.045

Fused 2D, fused image show in 2D cross-sectional; Fused 3D, fused image show in 3D; TD, thickness decrease; VD, volume decrease; Without

fusion, two times CBCT without fusing.

(Spherical Harmonics - Point Distribution Model,* a
unique and symmetric point correspondence across all
measured surfaces) to quantify temporomandibular
joint osteoarthritis and the condyle defects simulated
in a thickness of 3mm and 6 mm, which was greater
than the bone reduction thickness explored in this
study.® Schilling et al reported that condylar registra-
tion for longitudinal assessments was reliable and the
mean interobserver differences were less than 0.6 mm,*
however, further exploration on diagnostic accuracy
was lack. Lee et al and Jiang et al applied the color-
coded map to qualitatively and quantitatively evaluate
condylar bone remodeling after orthognathic/ortho-
dontic treatment.'™® Lee et al reported that the mean
of the average point-to-point distances on condylar
surface was 0.11 = 0.03mm. However, the distance
displayed on the color-coded map was not calculated
based on two corresponding points, but rather based on
the two farthest points that may lead to error. In the
present study, the thickness decrease of the condyle
was measured using clinical data rather than simulating
defects, and the diagnostic accuracy and repeatability
were further investigated. These may make the present
study more convincing and clinically relevant.

In this study, the minimal volume decrease group
was determined as S0 mm?®. The reasons were as follows.
Firstly, there is an error in the segmentation itself. In
the cases diagnosed by the expert panel as having
no condylar resorption, the volumes calculated after
condylar segmentation at the two time points were
mostly different. This difference was maximally within
50mm?. Secondly, a difference of —10 (-71-50)mm?
between condylar volume which was determined
with dry skulls and based on CBCT images has been
reported.?

Although the three observers were with only 1 and
4 year experience in oral and maxillofacial radiology, the
diagnostic accuracy and intraobserver agreement for the
fused image sets were still high. The AUC values were
0.93-0.97 for the volume decrease more than 50 mm?,
and was 0.89-0.97 for the thickness decrease more than
I mm groups. The ICC values for the volume decrease
more than 50mm? groups were 0.73-0.96 and for the
thickness decrease more than 1 mm groups were 0.69—
0.95. Therefore, the fused images can help junior resi-
dents to accurately diagnose condylar bone resorption.

One limitation of the present study is that the gold-
standard cannot be obtained. To solve this problem, the

VD <50 mm®
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Figure 6 The ROC curves for the three image sets from pooled data of three observers. 2D, two-dimensional; 3D, three-dimensional; ROC,
receiver operating characteristic; TD, thickness decrease; VD, volume decrease; a, b, and c are the ROC curves for the three subgroups with an
order of volume decrease; d, e, and f are the ROC curves for the three subgroups with an order of thickness decrease.
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reference criteria were obtained from a panel of three
experts. This is consistent with the approach adopted by
some researchers in similar scenarios.!**"-?

In the future, it’s necessary to use prospective and
multicenter research to validate our methods and
improve their applicability in clinical practice. The
semi-automatic registration method used in this study
takes approximately 10min to complete the regis-
tration of a pair of condyles. The registration steps
should also be improved to shorten registration time
and ensure registration quality.

Conclusion

The fused 2D and 3D CBCT images can improve the
diagnostic accuracy and repeatability for the samples
with at least a 50 mm? volume decrease or a 1 mm thick-
ness decrease compared with the image sets without
fusion. This can assist in quantitative evaluation of
the disease progression and treatment effectiveness of
patients with TMJ OA.
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