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Usefulness of cone beam computed tomography in
temporomandibular joints with soft tissue pathology

M Alkhader*, A Kuribayashi, N Ohbayashi, S Nakamura and T Kurabayashi

Oral and Maxillofacial Radiology, Graduate School, Tokyo Medical and Dental University, Tokyo, Japan

Objective: The aim of the study was to evaluate the usefulness of cone beam CT (CBCT) in
temporomandibular joints (TMJs) with soft tissue pathology.

Methods: 106 TMJs of 55 patients with temporomandibular disorder (TMD) were examined
by MRI and CBCT. MR images were used for the evaluation of disc displacement, disc
deformity, joint effusion and obscurity of temporal posterior attachment (TPA). CBCT images
were evaluated for the presence or absence of osseous abnormalities. The %> test was used to
analyse the association between MRI and CBCT findings.

Results: MRI of 106 TMJs revealed disc displacement, disc deformity, joint effusion and
obscurity of the TPA in 68, 73, 28 and 27 joints, respectively. Of the 68 TMJs with disc
displacement, anterior disc displacement without reduction (ADDWR) was seen most
frequently (47/68). CBCT imaging found 65 TMJs were characterized by the presence of
osseous abnormalities and were significantly associated with disc deformity and ADDWR
(P < 0.05). There was no statistically significant association between the presence of joint

effusion and obscurity of TPA and TMJ osseous abnormalities.

Conclusions:

TMD patients with confirmed ADDWR or disc deformity on MRI are at risk

of having osseous abnormalities in the TMJ and further examination with CBCT is

recommended.
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Introduction

The temporomandibular joint (TMJ) is a unique joint
that can be affected by different kinds of hard and soft
tissue abnormalities. Several authors'—3 have shown the
correct diagnosis of early abnormalities is paramount
because they can result in a temporomandibular
disorder (TMD).

MRI is considered the prime imaging of choice for
the evaluation of soft tissue components of the TMJ4¢
and should precede cone beam CT (CBCT) for cases in
which the diagnosis of soft tissue pathology is a
concern, or in cases where ionizing radiation should
be avoided.

CT or CBCT is considered the modality of choice for
imaging the osseous components of the TMJ,” and in
these studies the authors emphasized the usefulness of
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CBCT due to its high spatial resolution and low
radiation dose; however, no specific patient selection
criteria have been published regarding the use of CBCT
for TMD patients. Thus, the aim of the present study
was to evaluate the usefulness of CBCT in TMIJs with
different soft tissue pathology, and to identify if any of
these pathologies can be an indication for CBCT
examination.

Materials and methods

Patients

55 Asian patients (110 TMJs) with clinical manifesta-
tions of TMD-like clicking, joint noise or joint pain,
who consulted our hospital between December 2002
and April 2008, and underwent MRI and CBCT
examinations, were included in this study. Four joints
were excluded from the study due to motion artefacts of
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either modality and the remaining 106 TMJs were used.
The patients comprised 24 males and 31 females with a
mean age of 41 years (range, 13-69).

The study was approved by our Institutional Review
Board and informed consent was obtained from all the
patients before examination by both modalities.

MRI examination

All MR images were obtained using a 1.5 T scanner
(Magnetom Vision, Siemens Medical Systems, Erlangen,
Germany) with a 3-inch-diameter bilateral TMJ surface
coil and a field of view size of 120 x 120 mm. On the
sagittal plane both the proton density-weighted image
sequence (PDWI) and fat-suppressed 7, weighted
image sequence (7>WI) were obtained: repetition time
(TR)/echo time (TE), 1000/20 ms (PDWTI) or 2931/96 ms
(T,WI); slice thickness, 3 mm; interslice gap, 0.3-
0.6 mm; number of images, 7. On the coronal plane
only PDWI was obtained: TR/TE, 960-980/15 ms; slice
thickness, 3 mm; interslice gap, 0.3-0.6 mm; number of
images, 7. All images were obtained in a closed-mouth
position except in the sagittal plane, where another
PDWI was obtained in the open-mouth position.
Imaging time was 4.19 min for PDWI sagittal images,
2.0 min for PDWI coronal images and 3.19 min for 7,WI
sagittal images.

Cone beam CT examination

The CBCT apparatus was a 3DX multi-image micro
CT (Morita Corporation, Kyoto, Japan) developed by
Arai et al.” The imaging area of the CBCT was a
cylinder with a height of 30 mm (240 voxels) and a
diameter of 40 mm (320 voxels) providing isotropic
cubic voxels with sides approximating 0.125 mm. The
TMJs were examined bilaterally and imaged at a tube
voltage of 80 kV, a tube current of 4.5 mA and
exposure time of 17 s. Examinations were performed
by 360° rotation in an occlusal position. After scanning,
contiguous sectional images in three directions, ie.
parasagittal section (vertical to the long axis of
condylar head), coronal section (parallel to the long
axis of condylar head) and horizontal section images,
were reconstructed from the projected data with a slice
width of 1 mm using dedicated CBCT software (Morita
Corporation). The parasagittal images were not refor-
matted parallel to the ramus of the mandible.

Evaluation of images

MR images were evaluated on a cathode ray tube
(CRT) monitor with installed Digital Imaging and
Communications in Medicine (DICOM) image viewer.
The presence or absence of disc displacement, disc
deformity, joint effusion and temporal posterior
attachment (TPA) was evaluated independently by
two calibrated observers (MA and AK) with over 4
years’ experience of MRI for maxillofacial diagnosis,
including TMJ. If there was disagreement the observers
evaluated the images for a second time and a consensus
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was reached after discussion. The interobserver agree-
ment was evaluated using kappa statistics.

The criteria used by the observers were: disc
displacement, when the posterior band of the disc is
displaced from its normal position (12 o’clock position
relative to the top of the condyle in the closed-mouth
position); disc deformity, when there is an absence of a
biconcave shape of the disc; joint effusion, when there is
high signal intensity area in the joint space in at least
two consecutive sections on 7>,WI; and TPA was
considered obscured when it could not be visualized
on both the closed and open-mouth PDWI. The disc
was considered anteriorly displaced with reduction
(ADDR) when the disc was displaced anteriorly in a
closed-mouth position, but assumed a normal position
relative to the condyle upon jaw opening and was
considered anteriorly displaced without reduction
(ADDWR) when the disc was displaced anteriorly in
all mouth positions. Posterior disc displacement was
recorded when the posterior band was located poster-
iorly relative to the top of the condyle.

When necessary the window setting was adjusted to
optimize the images for evaluation.

Two calibrated oral radiologists (NO and SN) with
over 10 years’ experience of CBCT for maxillofacial
diagnosis including the TMJ evaluated CBCT images
for the presence or absence of osseous abnormalities.
Evaluation was done without previous knowledge of
MRI findings. The osseous abnormalities recorded
were erosions, deformity, sclerosis, ankylosis, osteo-
phytosis and flattening of the condyle, but for
temporal component only erosions and sclerosis were
recorded. The criteria used by the observers were:
erosion, an area of loss of the cortical bone; deformity,
abnormal size or shape of the condyle; sclerosis, an
area of increased density of cortical or subcortical
bone; ankylosis, an area of obliteration of joint space;
osteophytosis, an area of marginal bone formation on
the condyle; and flattening, a flat bony surface in a
load-bearing area.

The images were evaluated on a CRT monitor using
a CBCT viewer (I-View, Morita Corporation). When
necessary, the window setting was adjusted to optimize
the images for evaluation. If there was disagreement
regarding image assessment, the images were evaluated
again and a consensus was reached by discussion. The
interobserver agreement was evaluated with kappa
statistics. All TMJs were classified into two groups:
TMJs with osseous abnormalities (65 TMJs, Figures 2
and 4) and TMJs without osseous abnormalities (41
TMJs, Figures 1 and 3).

Statistical analysis
The y? test was used to assess the level of significance of
the association between MRI findings of disc displace-
ment, disc deformity, joint effusion and obscurity of
TPA and osseous abnormalities of the TMJ.

Cohen’s kappa (SPSS version 16, Chicago, IL) was
used to determine the interobserver agreement based
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Figure 1 Patient with suspected condylar erosion (e). The articular disc looks normal in shape and position on closed and open sagittal proton
density-weighted MR image (a and b, white arrows), there is no sign of joint effusion on 7, weighted image sequence (c¢) and the temporal
posterior attachment could be visualized (a and b, black arrows). The corresponding cone beam CT image revealed no osseous abnormality in the
condylar head (d, arrow)

on the following criteria: kappa value of < 0.40 was
considered to indicate poor agreement, 0.40-0.59 fair
agreement, 0.60-0.74 good agreement and 0.75-1.00
excellent agreement.

Results

Of the 106 TMJs, MRI revealed disc displacement, disc
deformity, joint effusion and obscurity of TPA in 68,
73, 28 and 27 joints, respectively (Table 1). Out of the
68 TMJs with disc displacement, ADDWR was seen
most frequently (47/68, Table 2).

For CBCT images the 106 TMJs were classified into
two groups: TMJs with osseous abnormalities (n = 65)
and TMJs without osseous abnormalities (n = 41). The
frequency of osseous abnormalities for erosions, defor-
mity, sclerosis, ankylosis, osteophytosis, and flattening
of the condyle and temporal component were 42%, 25%,
40%, 5%, 13% and 18%, respectively.

a b

Disc displacement and disc deformity were found in
49 and 53 of TMIJs with osseous abnormalities
(65 TM1Js), respectively (Table 1). They were found
significantly more frequently than in the other group
(52 test, P < 0.05).

ADDR and ADDWR were found in the two groups
of TMIJs, whereas posterior disc displacement was only
found in TMJs with osseous abnormalities (Table 2).
Among the 68 TMJs with disc displacement, ADDWR
was revealed in 40 TMJs with osseous abnormalities
and this association was significant (32 test, P < 0.05).

Joint effusion and TPA obscurity were found in 19
and 18 TMJs with ossecous abnormalities (65 TMIJs),
respectively and there was no statistically significant
association (Table 1).

A statistically significant association between
ADDWR and joint effusion, disc deformity and TPA
obscurity was found (32, P < 0.05).

The interobserver agreement for MRI and CBCT was
good for all types of soft tissue and osseous abnormalities.

c d

Figure 2 Patient with suspected condylar osteophyte (s).The deformed articular disc is anteriorly displaced in closed sagittal proton density-
weighted MR image (a, arrow) and was not reduced in open sagittal proton density-weighted MR image (b, arrow).There is no sign of joint
effusion on 7, weighted image sequence (c) and the temporal posterior attachment could not be visualized in any image. The corresponding cone

beam CT image revealed osteophyte in the condylar head (d, arrow)
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Figure 3 Patient with joint effusion. The deformed articular disc is anteriorly displaced in closed sagittal proton density-weighted MR image (a,
white arrow) and reduced on open sagittal proton density-weighted MR image (b, arrow). Superior joint space effusion was revealed on 7,
weighted image sequence (c, arrow) and the temporal posterior attachment could be visualized in closed sagittal proton density-weighted MR

(a, black arrow). The corresponding cone beam CT image revealed no osseous abnormality in the condylar head (d)

Discussion

TMD patients can have different imaging findings of
soft and hard tissue abnormalities of the TMJ, which
can be studied using different imaging modalities.
Among them, MRI is the primary imaging tool because
it is not associated with ionizing radiation, offers direct
visualization of the disc, shows surrounding muscles
and attachments with high resolution and provides a
comprehensive idea about the general condition of
TMJ. However, its ability to detect osseous abnormal-
ities is still considered poor or moderate and confirma-
tion with CT or CBCT is needed.!*#

Osseous abnormalities can be identified with soft
tissue pathology and this has clinical significance.!!-14
They can lead to changes in the occlusion or conylar
position on the affected side!>'* or can be associated
with perforations'> and pain,'? even in cases without

disc displacement. Recent treatment available to TMD
patients is highly dependent on the presence or absence
of osseous abnormalities,'® since the presence of
osseous abnormalities can be a sign of a systemic
disease or an irreversible condition that can be only

treated by intra-articular injection of steroids or
surgery. Therefore, the detection and correct diagnosis
of such abnormalities is paramount.

To the best of our knowledge, there is no published
research showing the association between MRI findings
of TMJ soft tissue pathology and TMJ osseous abnorm-
alities which have been confirmed by CBCT. By
conducting this study we will be able to identify patients
who are likely to benefit from CBCT examination.

TMJ osseous abnormalities can occur due to several
predisposing factors such as, trauma, aging, parafunc-
tional habits, systemic disease and disc displacement.!
Specifically, parafunctional habits or overloading is
considered the most common local cause, as reported in
the literature.! Although disc displacement can be a
cause of overloading! and is commonly associated with
osseous abnormalities,'”-!8 the cause—effect relationship
between disc displacement and the occurrence of TMJ
osseous abnormalities is still controversial and has not
been fully established.'®?° Many TMD patients can
adapt to overloading as a result of disc displacement or
other causes,?""?? but can develop osseous abnormalities
as a result of this.?>?*

c d

Figure 4 Patient with suspected ankylosis (a). The deformed articular disc is anteriorly displaced in closed sagittal proton density-weighted MR
image (a, white arrow) and was not reduced in open sagittal proton density-weighted MR image (b, arrow), there is no sign of joint effusion on 7,
weighted image sequence (c) and the temporal posterior attachment could be visualized in closed sagittal proton density-weighted MR (a, black
arrow). The corresponding cone beam CT image revealed ankylosis in the temporomandibular joint (d, arrow)
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Table 1 Incidence of abnormalities in 106 temporomandibular joints (TMJ)

Disc displacement Disc deformity Joint effusion TPA obscurity

TMIJs with osseous changes 49/65* 53/65% 19/65 18/65
TMJs without osseous changes 19/41 20/41 9/41 9/41
Total 68/106 73/106 28/106 271106

*y2 test, P < 0.05
TPA, temporal posterior attachment

In agreement with other researchers!”-18-25:26 our
study showed a significant association between the
presence of disc displacement or ADDWR and osseous
abnormalities. Around 75% of TMJs with osseous
abnormalities had disc displacement and around 82%
of TMJs with ADDWR had one or more osseous
abnormality. At the same time ADDWR was signifi-
cantly associated with other MRI findings of disc
deformity, joint effusion and obscurity of TPA; this
could be due to the severity of the condition. Most of
the TMJs with anterior disc displacement with reduc-
tion (ADDR) were more frequent in TMJs without
osseous abnormality (12 out of 19 TMIs); this could
support the hypothesis that there are normal variations
in the location of the posterior band and it is not
necessary to be in the 12 o’clock position, relative to the
top of the condyle, on closing.?

Any case of ADDR can change into ADDWR and
lead to disc deformity and finally result in perforation
and bony changes.?’” At the same time when deforma-
tion is localized to the posterior band this may influence
the progression of ADDR to ADDWR.?® Westesson
et al?’ reported more frequent association of disc
deformities and irregularities in the articular surface
with transformation of disc displacement from partial
to complete. These results indicate that some deforma-
tion of the disc can be seen before the occurrence of
ADDWR and could increase after the occurrence of
ADDWR and bony changes. In our study a significant
association was noted between disc deformity and
ADDWR, or between disc deformity and the presence
of bony changes. Our results are in line with those of
Westesson et al.?”-2°

Generally, the presence of fluid in the TMJ (i.e. joint
effusion) is a sign of chronic inflammatory reaction and
can be found frequently in asymptomatic patients® or
in patients with TMJ osseous abnormalities.>!

However, in a study by Larheim et al3? the amount of
joint fluid differed between the patients in the study,
and the presence of a large amount of fluid was
associated with internal derangement. In our study, we
did not attempt to evaluate the amount of joint fluid

and, in contrast with a study of Giiler et al? the
incidence of joint effusion was not significantly
associated with TMJ osseous abnormalities. This could
be due to the presence of joint effusion in TMJs without
osseous abnormalities or because of differences in the
underlying mechanisms involved in the formation of
joint effusion and osseous abnormalities.

The bilaminar zone or posterior attachments of the
disc can be divided into superior lamina or TPA, and
inferior lamina or condylar posterior attachments. In
one study by Katzberg et al>* TPA was visualized less in
patients with disc displacements, either reduced or non-
reduced disc displacement. In another study by
Kuribayashi and Tallents®> the obscurity of TPA was
significantly associated with disc perforation, and disc
displacement was present in almost all patients with
disc perforation.

In consensus with previous studies, our results
showed a significant association between obscurity of
TPA and the presence of ADDWR. One explanation
could be that in the case of ADDWR the displacement
results in stretching and thinning of TPA, which in turn
causes difficulties in detecting the TPA in any mouth
position. However, there was no significant association
between obscurity of TPA and the presence of TMJ
osseous abnormalities. In our study, in many TMJs
with osseous abnormalities (47 of 65) a TPA was not
considered obscured since it could be visualized in
either the open- or closed-mouth position. Another
explanation could be that under current spatial resolu-
tion of MRI the detection of TPA is difficult, even in
cases without osseous abnormalities, and it was
considered obscured in 9 TMJs out of 41 without
osseous abnormalities. Since the visualization of TPA is
related to discal status and spatial resolution of MRI,
we could not find significant association between
obscurity of TPA and the presence of TMJ osseous
abnormalities.

In conclusion, TMD patients with confirmed
ADDWR or disc deformity on MRI are at risk of
having osseous abnormalities in the TMJ and further
examination with CBCT is recommended.

Table 2 Incidence of different types of disc displacement in 68 temporomandibular joints (TMJ)

Anterior with reduction Anterior without reduction Posterior
TMJs with osseous changes 7149 40/49* 2/49
TMJs without osseous changes 12/19 7119 0/19
Total 19/68 47/68 2/68

*y2 test, P < 0.05
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