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Diagnostic efficacy of CBCT, MRI, and CBCT-MRI fused images
in distinguishing articular disc calcification from loose body
of temporomandibular joint
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Abstract
Objectives To evaluate the diagnostic efficacy of CBCT-MRI fused images for articular disc calcification of temporomandibular
joint (TMJ).
Materials and methods Twenty patients (24 TMJs) whose image examinations showed dense bodies in the TMJ space were
included in the study. The locations of dense bodies evaluated by the three experts were used as a reference standard. Three oral
and maxillofacial radiology residents evaluated whether the dense bodies were disc calcification or not, with a five-point scale for
four sets of images (CBCT alone, MRI alone, both CBCT andMRI observed at a time, and CBCT-MRI fused images) randomly
and independently. Each set of images was observed at least 1 week apart. A second evaluation was performed after 4 weeks.
Intraclass correlation coefficients were calculated to assess the intra- and inter-observer agreement. The areas under the ROC
curves (AUCs) were compared between the four image sets using Z test.
Results Ten cases were determined as articular disc calcifications, and fourteen cases were recognized as loose bodies in the TMJ
spaces. The average AUC index for the CBCT-MRI fused images was 0.95 and significantly higher than the other sets (p < 0.01).
The intra- and inter-observer agreement in the CBCT-MRI fused images (0.90–0.91, 0.93) was excellent and higher than those in
the other images.
Conclusions CBCT-MRI fused images can significantly improve the observers’ reliability and accuracy in determining articular
disc calcification of the TMJ.
Clinical relevance Themultimodality image fusion is feasible in detecting articular disc calcification of the TMJwhich are hard to
define by CBCT orMRI alone. It can be utilized especially for inexperienced residents to shorten the learning curve and improve
diagnostic accuracy.
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Introduction

Image examination constitutes an indispensable element for
the diagnosis of temporomandibular joint (TMJ) diseases in
nowadays clinical work. In recent years, cone beam computed
tomography (CBCT) which has a high spatial resolution has
become a dose- and cost-effective alternative to helical CT for
the diagnosis of osseous abnormalities of TMJ [1].
Meanwhile, due to the low-density distinguishable ability of
CBCT, its detection on soft tissues is poor. Thus, magnetic
resonance imaging (MRI) is still used to assess disc position,
disc form, presence/absence of fluid within the joint space
(joint effusion), marrow signal of the condyle, and pannus
formation (in the case of inflammatory arthritis) [2–4].
However, owing to different limitations, neither CBCT nor
MRI provides enough information for TMJ region which in-
cludes both hard and soft surrounding tissues. In certain clin-
ical cases, it is useful to be able to visualize both soft and hard
tissues simultaneously.

In the 1990s, a technique called multimodal medical image
fusion was introduced. This technique refers to the intelligent
synthesis of medical images frommultiple modalities, making
full use of the complementarity from different types of medi-
cal images to obtain a more reliable and accurate medical
image for clinical diagnosis and treatment [5]. CT-MRI fusion
technique has been widely applied in clinical research on spi-
nal and brain diseases, chronic otitis media, nasopharyngeal
carcinoma (NPC), etc. [6–10]. In oral and maxillofacial re-
gion, CT/CBCT-MRI fused images are used for the diagnosis
of jaw tumors and the treatment plans for orthodontic and
orthognathic patients [11–13]. Different techniques have been
explored to fuse MRI and CT/CBCT images of the TMJs
[14–17]. Al-Saleh et al. demonstrate that the CBCT-MRI
fused image not only improves the intra- and inter-examiner
consistency in the evaluation of internal derangement of TMJ
but also improves the novice examiners’ assessment accuracy
of disc positions [18, 19]. Ma et al. verify that the CT/CBCT
and MRI images can be fused to aid detection of TMJ ana-
tomical structures and related lesions [20].

Radiological dense bodies within the joint space are either
disc calcifications or loose bodies which might occur in many
diseases, such as synovial chondromatosis (SC), osteoarthri-
tis, intracapsular fractures, osteochondrosis dissecans, calcium
pyrophosphate dihydrate (CPPD) crystal deposition disease,
tumoral calcinosis (TC), juvenile idiopathic arthritis, etc.
[21–23]. Loose bodies within the temporomandibular joint
space might be associated with degenerative arthritis, accom-
panied by condylar bone erosion [22]. The center of the loose
bodies would be composed of dead cancellous bone which
represents a detached osteophyte or fibrillated cartilage [21].

Disc calcification of temporomandibular joint is an uncom-
mon lesion. It is a type of dystrophic calcification [24].
Calcifications are more frequently recognized posteriorly than

anteriorly and related to disc perforation. The calcification
itself may not produce obvious discomfort and can be found
by accident. The calcification of articular disc may be stick
type, mass type, or punctate type in radiologic findings
[23–27]. Clinically, differential diagnosis between disc calci-
fication and loose body of TMJ is important since the former
does not need further treatment.

Cases with the application of CBCT and MRI fused image
to the diagnosis of TMJ articular disc calcification have been
positively reported [20, 26]; however, studies with more cases
and identification of observer’s reliability are still needed.
Therefore, the purpose of this study was first to evaluate the
diagnostic efficacy of fused CBCT and MRI images for de-
tection of articular disc calcification of temporomandibular
joint and then compare it with CBCT and MRI image obser-
vations alone or a combined observation of both CBCT and
MRI images at a time, just like in an ordinary clinical
situation.

Methods and materials

Subjects

With a preliminary study, the detection rate of dense body in
the temporomandibular joint space was 0.9%. Assuming that
both sensitivity and specificity for the detection of dense body
in the temporomandibular joint space were 0.8, 20 positive
cases were needed.

CBCT images taken from the patients who firstly visited
the Center for Temporomandibular Disorders and Orofacial
Pain in Peking University School and Hospital of
Stomatology from 2015 to 2019 were reviewed. The inclusion
criteria were as follows: (1) CBCT image showed dense body
(one or more) in the TMJ space; (2) for diagnostic purpose, the
same patient was captured with MRI scan; and (3) the age of
the patient was over 18 years old. The exclusion criteria were
as follows: (1) CBCT image showed definite TMJ fracture,
ankylosis, or tumor; (2) the patient did not take an MRI ex-
amination immediately after the CBCT examination; (3) pa-
tients had a clear history of trauma, swelling, infection, or
intolerable severe pain in the temporomandibular joint area;
and (4) the age of the patient was under 18 years old.

All the image data sets obtained fromCBCT andMRI were
exported as DICOM (digital imaging and communications in
medicine) format.

CBCT and MRI image acquisition

Each CBCT scan was acquired in a 360° rotation for the pa-
tient whose Frankfort plane is parallel to the floor in a sitting
position. The thyroid collar was used. Images of each TMJ
were obtained in the maximal intercuspation. Scans were
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performed using 3D Accuitomo 170 (J Morita Mfg., Corp.,
Kyoto, Japan) at a field of view (FOV) of 6 cm in diameter and
6 cm in height. The exposure parameters were as follows:
scanning time of 17.5 seconds, tube current of 4–5 mA, tube
potential of 80–90 kVp, and a voxel size of 0.125 mm accord-
ing to patients’ size. The scan included one side of the TMJs
and part of the mandible.

MRI of the TMJs was performed in the supine position
without sedation or intravenous contrast administration using

a 3.0 T magnet (Siemens Trio Tim, Germany) with a 32-
channel surface receiver coil. Patients were scanned in axial,
oblique sagittal positions that were perpendicular to the long
axis of the condyle and oblique coronal positions that were
parallel to the long axis of the condyle. Images were obtained
in both maximal intercuspation and maximal voluntary
interincisal mouth opening position.

Proton density-weighted images (PDWI) were obtained
with a FOV of 14 × 14 cm, slice thickness of 3 mm (11 slices

Fig. 1 Example images for the
articular disc calcification of TMJ
(arrows). Oblique coronal (a) and
sagittal (b) view of the CBCT
images. Oblique sagittal view of
the MRI image in T1WI (c) and in
PDWI (d). Oblique coronal view
of the CBCT-MRI (T2WI) fused
image (e). Oblique sagittal view
of the CBCT-MRI (PDWI) fused
image (f). CBCT, cone beam CT;
PDWI, proton density-weighted
imaging; T1WI, T1-weighted im-
aging; T2WI, T2-weighted
imaging
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per TMJ), interslice gap spacing of 0.3 mm, echo time (TE) of
20 ms, repetition time (TR) of 4120 ms, and voxel size of
0.5469 × 0.5469 mm. The difference between T2-weighted
images (T2WI) and the PDWI was the echo time, which was
99 ms for T2WI. T1-weighted images (T1WI) were obtained
with repetition time of 250 ms, echo time of 2.7 ms, and voxel
size of 0.4375 × 0. 4375mm; the rest settings were the same as
those in the PDWI acquisition. PDWI and T1WI were dedi-
cated to the bilateral closed-mouth oblique sagittal sections.

T2WI was used for the bilateral closed-mouth axial, oblique
sagittal, oblique coronal positions and bilateral open-mouth
oblique sagittal positions.

Imaging registration and fusion

Image fusion of CBCT andMRI images was carried out using
the Amira visual software (version 5.4.3, ThermoFisher
Scientific Inc.), and the registered process was conducted in

Fig. 2 Example images for the
loose body in the TMJ space
(arrows). Oblique coronal (a) and
sagittal (b) view of the CBCT
images. Oblique sagittal view of
the MRI image in T1WI (c) and in
PDWI (d). Oblique coronal view
of the CBCT-MRI (T2WI) fused
image (e). Oblique sagittal view
of the CBCT-MRI (PDWI) fused
image (f). CBCT, cone beam CT;
PDWI, proton density-weighted
imaging; T1WI, T1-weighted im-
aging; T2WI, T2-weighted
imaging
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the multiplanar viewer module. On account of the differences
in the patient positioning and different size of the acquisition
matrix in both image sets, rigid transform model and the sim-
ilarity metric of normalization mutual information were used
for registration in the present study so that the CBCT images
would coincide with MRI images. The detailed information
could be found in the previous study [20]. The CBCT-MRI
fused images were displayed in a color-coded fashion. The
overlapped structures from MRI appeared in gray scale, and
structures from CBCT appeared in luminous yellow color.

Image evaluation

One specialist with an experience of over 25 years in oral and
maxillofacial radiology and two certified specialists with an
experience of over 30 years in oral and maxillofacial surgery
(mainly for diagnosis and conservative treatment of temporo-
mandibular joint disease) acted as expert panel. The specialists
individually determined whether the dense body in the TMJ
space was an articular disc calcification or just loose body in
the images on the basis of the patient information including
patient history, clinical examination, and all the examining
images (CBCT images, MRI images, and CBCT-MRI fused
images). In case that the determination is not the same, a
consensus was reached in the end. The location of dense body

evaluated by the expert panel was used as a reference
standard.

Three oral and maxillofacial radiology residents with at
least 3 years of experience in CBCT image interpretation
acted as observers. Before evaluation, the observers were cal-
ibrated with an additional session of images in which the disc
calcification, the theory of the image fusion technique, and the
interpretation of the fused image were explained.

Three residents evaluated the location of dense bodies in
the 24 TMJs in four sets of images (CBCT images alone, MRI
images alone, bothMRI and CBCT images observed at a time,
and CBCT-MRI fused images) randomly and independently.
Each set of the images was observed at least 1 week apart. The
observers assessed the images with five diagnostic alterna-
tives: 1, definitely not articular disc calcification; 2, probably
not articular disc calcification; 3, questionable; 4, probably
articular disc calcification; and 5, definitely articular disc
calcification.

All images were randomly displayed on a Nio Color 5.8
MP (MDNC-6121) display (Barco, Beijing, China) in a quiet
room. The orientation, color gradient, brightness, contrast, and
magnification of the image could be modified and adjusted to
reach the best display. There is no time limit for evaluation. A
second evaluation was performed under the same conditions
after 4 weeks by the same observers to assess the intra-
observer agreement.

Statistical analysis

Data analysis was conducted using the SPSS software, version
20.0 (SPSS Inc., Chicago, IL). A p value of 0.05 or less was
considered significant. Intraclass correlation coefficients
(ICCs) were calculated to assess the intra- and inter-observer
agreement. ICC estimates and their 95% confident intervals
were calculated based on a single-rating (intra-agreement)/
mean-rating (inter-agreement), absolute-agreement, 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) [28]. Scores from the three observers were combined
to generate a pooled ROC curve for each image set. The areas
under the ROC curves (AUCs) were compared between the
four sets using Z test for two independent ROC curves
through the MedCalc Statistical Software version 15.2.2
(MedCalc Software bvba, Ostend, Belgium; 2015).

Results

Twenty patients with 24 TMJs were included in this ret-
rospective study with a gender predilection of 1:19 (male:
1, female: 19). Their age ranged from 20 to 72 years, with
a mean age of 49.57 ± 16.75 years. Altogether, four cases
were affected in bilateral, and ten cases were on the right

Table 2 Inter-observer
agreement for each of the
four image sets

ICC 95% CI

CBCT 0.90 0.79–0.95

MRI 0.74 0.49–0.88

CBCT+
MRI

0.81 0.62–0.91

CBCT-MRI 0.93 0.86–0.97

ICC values [28], agreement was rated as
“poor” (< 0.50), “moderate” (0.50–0.75),
“good” (0.75–0.90), and “excellent” (>
0.90). CBCT+MRI, a combined observa-
tion of CBCT and MRI; CBCT-MRI,
fused image of CBCT and MRI

Table 1 Intra-observer consistency for each of the four image sets (ICC
[95% CI])

Observer 1 Observer 2 Observer 3

CBCT 0.82 (0.63, 0.92) 0.80 (0.59, 0.91) 0.81 (0.60, 0.92)

MRI 0.70 (0.43, 0.86) 0.62 (0.29, 0.81) 0.60 (0.27, 0.80)

CBCT+MRI 0.79 (0.57, 0.90) 0.76 (0.52, 0.89) 0.84 (0.65, 0.93)

CBCT-MRI 0.91 (0.80, 0.96) 0.91 (0.80, 0.96) 0.90 (0.78, 0.96)

ICC values [28], agreement was rated as “poor” (< 0.50), “moderate”
(0.50–0.75), “good” (0.75–0.90), and “excellent” (> 0.90). CBCT+
MRI, a combined observation of CBCT and MRI; CBCT-MRI, fused
image of CBCT and MRI
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side and six cases on the left. Five cases were asymptom-
atic, just for routine examination before prosthodontics
and orthodontics. Four cases had noise, pain, and
mouth-open limitation (less than 35 mm) simultaneously,
and one of them had involuntary twitch of masticatory
muscles. Five cases had noise and pain without mouth-
open limitation. Three cases only had noise, two cases
only had pain, and one case only had mouth-open limita-
tion. They suffered for 3 months to several years. Three of
the symptomatic patients underwent operation, and the
remainder received conservative treatment.

Ten cases were determined as articular disc calcifications,
and fourteen cases were recognized as loose bodies in the
temporomandibular joint spaces by the expert panel. Among
all, three cases of loose bodies were pathologically confirmed
to be synovial chondromatosis, which were consistent with
the panel’s diagnosis. Articular disc calcifications were of
strip type or mass type in the CBCT images. Three out of
ten cases showed condylar osteophyte and 1/10 showed wear
of condylar bone. As for MRI, two cases indicated anterior
disc displacement without reduction, and five were with

reduction. The low signal in TMJ space in the T1WI suggested
dense body. It is difficult to distinguish dense bodies from
articular discs in PDWI and T2WI since they were both low-
signal areas. In the fused image of CBCT and MRI, however,
we could see the calcification overlapping with the articular
disc distinctly (Fig. 1), while the loose body was shown sep-
arately from the articular disc (Fig. 2).

The intra- and inter-observer agreement in the detection of
four image sets is shown in Tables 1 and 2. Both of the ICC
values for the intra- and inter-observer agreement were above
or equal to 0.90 for the fused CBCT-MRI image set.

The values for AUC from each observer for the four image
sets are presented in Table 3. The average value of AUC for
the fused image sets of CBCT and MRI was 0.95, which is
larger than the values of AUC from the other three image sets.
Receiver operating characteristic curves (ROC) from the
pooled data of the three observers are shown in Fig. 3. The
area under the ROC curve for the CBCT-MRI fused images
were higher than those for the other image sets. In addition,
there were statistically significant differences between the
AUCs of CBCT-MRI fused images and the others, and no
significant differences were found between the other three
image sets (Table 4).

Discussion

In the present study, the estimated diagnostic accuracy of disc
calcification, which was represented by the area under the

Fig. 3 Receiver operating characteristic curves for the four image sets
from pooled data

Table 3 Area under the receiver
operating characteristic curve
(AUC) for the four image sets

Observer
1

Observer
2

Observer
3

Mean SD Total (the three observers combined,
95% CI)

CBCT 0.84 0.76 0.82 0.81 0.05 0.81 (0.70, 0.89)

MRI 0.73 0.66 0.84 0.74 0.09 0.77 (0.65, 0.86)

CBCT+
MRI

0.75 0.80 0.86 0.80 0.06 0.79 (0.68, 0.88)

CBCT-MRI 0.90 0.95 0.99 0.95 0.04 0.95 (0.87, 0.99)

CBCT+MRI, a combined observation of CBCT and MRI; CBCT-MRI, fused image of CBCT and MRI

Table 4 p values when comparing AUC of each image set

CBCT-
MRI

CBCT+MRI MRI

CBCT 0.00* 0.73 0.52

MRI 0.00* 0.55 −
CBCT+

MRI
0.00* − −

*Significant difference between the CBCT-MRI fused images and others
for AUC. CBCT+MRI, a combined observation of CBCT and MRI;
CBCT-MRI, fused image of CBCT and MRI
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ROC curve (AUC), was significantly higher for the CBCT-
MRI fused images than for the other three observed images.
This indicates that fused images from CBCT and MRI are
favorable in detecting disc calcification of TMJ. This is further
confirmed by the excellent intra-and inter-observer consisten-
cy which is indicated by the ICC values. The ICC value for the
inter-observer consistence was 0.93, and for the intra-observer
consistence, the ICC value was 0.91 for the observer 1, 0.91
for the observer 2, and 0.90 for the observer 3, respectively.

CBCT has a high spatial resolution that can provide high-
quality information on the osseous structures of TMJ [29]. It
may be easy for junior clinicians to find dense body in the
joint space in CBCT images but difficult to extract useful
information fromMRI images due to the complexity of infor-
mation containing in the images. One study indicates that even
among experienced observers who apply standardized classi-
fication criteria, only moderate to substantial observer agree-
ment can be achieved [30]. Thus, juniors must complete learn-
ing curve before efficiently reading the images. From the pres-
ent study, however, the junior observers had a high consisten-
cy in diagnosis of TMJ disc calcification with the use of
CBCT-MRI fused images. This may be attributed to the fact
that the relationship between the TMJ disc and the surround-
ing skeleton structures, including glenoid fossa, condyle, and
dense body, can be finely demonstrated in the CBCT-MRI
fused image. This helps the junior observers read the image
of TMJ disc calcification in an even better fashion, to improve
the diagnostic accuracy. In other words, fused images narrow
the disagreement gap within and between each observer so
that the subjectivity of diagnosis is minimized. This is in line
with the study by Al-Saleh et al. in which the evaluation con-
sistency from two experienced radiologists for the TMJ inter-
nal derangement is higher in the registered CBCT-MRI im-
ages than in the MRI images alone [18].

The CBCT-MRI fusion technique is innovative and highly
useful in the qualification of patients for diagnosis of articular
disc calcification of TMJ. Generally, mutual information is
used as similarity measure between floating image and refer-
ence image to measure the correlation between them. The
greater the mutual information, the higher the correlation be-
tween the images, the better the fusion effect [31]. This is
proved in the previous studies [10, 32, 33] and also identified
in the present study.

One limitation of the present study may be the lack of
pathological examination as a gold standard for the ROC anal-
ysis. However, this is a very common issue for one clinical
investigation when surgical treatment is not necessary. In such
a situation, a judgment from a panel of experts is usually
served as a reference standard. Researchers have found that
MRI findings are reliable only when experienced calibrated
observers work as a group [34]. Thus, in this study, the eval-
uation from three experts for the location of dense bodies was
used as a reference standard. It is worth notifying that three

cases of loose body were pathologically confirmed to be sy-
novial chondromatosis, which were consistent with the
panel’s diagnosis, certifying that the panel’s diagnosis is ac-
curate. Admittedly, errors are still possible, which is unavoid-
able in this study. Besides, the CBCT-MRI fusion technique is
still in the clinical trial stage, and more exploration and re-
search are needed before it can be applied to the clinic as a
mature technology.

Conclusion

The multimodality image fusion is a feasible imaging tech-
nique for detecting articular disc calcification of the TMJ
which are hard to define by CBCT or MRI alone. Using
CBCT-MRI fused images, the disc and calcification can be
displayed simultaneously, and the diagnostic accuracy is im-
proved considerably.
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