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Magnetic Resonance Imaging Signal Intensities of the
Temporomandibular Joint Articular Disc and Cortical Bone :

Are These Measurements Valid for the Diagnosis of
Temporomandibular Joint Disease?

Mamiko Funkura*?, Keiichi NisHikawa? and Kazuyuki Arak1?

Abstract : The purpose of this study was to clarify the validity of measuring the
signal intensities of cortical bone (CB) and temporomandibular joint (TMJ) discs
on magnetic resonance (MR) images for the diagnosis of TMJ disease. Two
investigations were performed. In the first investigation, MR images of 13 TMIJs of
volunteers were obtained using a multi spin-echo sequence. Echo time (TE) was
increased from 10 msec to 200 msec in steps of 10 msec. The signal intensities of
the CB of the condylar head, and the anterior (AD) and posterior (PD) bands
of the TMJ disc were measured, and their attenuation patterns were compared. In
the second investigation, clinical MR images of 30 TMIJs from patients with sus-
pected TMJ disorders were selected. Proton density-weighted images (PDWIs) and
T2-weighted images (T2WIs) were obtained at TEs of 14 and 85 msec, respectively,
using a double-echo fast spin-echo sequence. The signal intensities of CB, AD,
and PD were measured and compared with that of the external auditory meatus
(air) using a Bonferroni test. AD and PD showed nearly identical signal intensity
attenuation patterns. The signal intensities of AD and PD were lower than CB at
TEs longer than 20 msec although they were higher at TEs shorter than 20 msec.
Clinical PDWIs and T2WIs showed similar results. The signal intensities of CB,
AD, and PD were significantly higher than the external auditory meatus (air) in
both PDWIs and T2WIs. CB and TMIJ discs show characteristic signal intensities,
suggesting that the signal intensity measurement of these structures is valid.

Key words : magnetic resonance imaging, temporomandibular joint disc, cortical bone,
signal intensity

Introduction

Disorders of the temporomandibular joint (TMJ) comprise a group of diseases that involve
symptoms in the area of the TMJ, such as pain or movement disorders. Temporomandibular
disorders (TMDs) affecting the TMJ and/or jaw muscles are attributed to many causes. One
cause of TMD is articular disc abnormality. The effectiveness of magnetic resonance imaging
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Fig. 1. Example magnetic resonance images of the temporomandibular joint.
A) Proton density-weighted image; B) T2-weighted image. The
anteriorly-displaced disc is evident in both images.

(MRI) in the diagnosis of TMD was first reported in the 1980s"?, and MRI subsequently
became a powerful diagnostic tool for TMD>*.

Fig. 1 presents example MR images of the TMJ. Proton density-weighted images (PDWIs)
and T2-weighted images (T2WIs) are currently frequently used in clinical examinations. TM]J
disc position and peri-articular inflammation are evaluated using these images.

There have been many MRI reports related to the position and shape of the TMJ disc, and
its relation to clinical symptoms. Increased symptoms, which indicate a more advanced TMD,
are found significantly more often with TMJ disc displacement without reduction, than in TMJ
disc displacement with reduction on MRI®. More severe disc deformity is seen in TMJ disc
displacement without reduction, than in TMJ disc displacement with reduction®.

MRI is mainly used in the diagnosis of soft tissue lesions. Hard tissues, such as bone cortex
and tooth enamel, show no signals on MRI, and signal intensity changes indicating disease in
hard tissues are generally not observable on MRI. In the case of the condylar cortex, however,
its form can be evaluated on MRI. Geiger et al” compared MRI and computed tomography
for assessment of the condylar cortex using cadavers, and demonstrated the high accuracy of
MRI measurements.

Few studies have evaluated the signal intensity of the TMJ disc and the cortex of the condy-
lar head. We found only two reports on T2 relaxation time and T2* relaxation time. Kakimoto
et al® compared the T2 relaxation time of the disc between patients with TMD and healthy
volunteers, and showed that the T2 relaxation time in patients with TMD was longer than in
healthy volunteers.

The purpose of this study was to clarify the validity of signal intensity measurements of the
TMJ articular disc and condylar cortex. We measured their signal intensity in relation to echo
time (TE), and then compared their signal intensity with that of air, in which the signal inten-
sity is theoretically zero.
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Materials and methods

All experiments were approved by the ethic committee of the Tokyo Dental College (No.347
and No.521). The investigation was performed in two parts.

Experiment 1: Comparison of signal intensity attenuation curves

Nine volunteers (5 males, 4 females) participated in this part of the study. Their mean age
was 28.8 years (range, 26-44 years). The volunteers had no symptoms in the TMJ region.
MRI was performed using a 15 tesla unit (MAGNETOM Symphony ; Siemens, Erlangen, Ger-
many) with TMJ surface coils. Both TMJs were examined with a multi-echo sequence. Imaging
parameters are shown in Table 1. TE was increased from 10 msec to 200 msec in steps of
10 msec. This imaging produced 20 images for each TMJ. Five of eighteen TMJs were excluded
from the analysis because the anterior (AD) and/or posterior (PD) band of the TMJ disc was
not observed clearly. On each image, circular regions of interest (ROIs) were placed at the

Table 1. Magnetic resonance imaging protocol for Table 2. Magnetic resonance imaging protocol for
evaluating the relationship between signal evaluating the difference in signal intensity
intensity and echo time (TE) in patients with suspected temporoman-

dibular disorders

TE 10 msec ~ 200 msec
TR 3,300 TE 14 msec, 85 msec
ETL/NSA 171 TR 3,300
Fov 150 msec x 150 msec ETL/NSA n
Slice thickness 3 mm FOV 150 msec x 150 msec
Slice gap 0.3 mm Slice thickness 3 mm
Matrix 256 %256 Slice gap 0.3 mm

Matrix 256 x 256

TR, repetition time ; ETL, echo train length ; NSA,

number of signals averaged ; FOV, field of view. TE, echo time; TR, repetition time; ETL, echo
train length ; NSA, number of signals averaged;
FOV, field of view.

Fig. 2. Region of interest (ROI) settings for measurement of signal intensity.
A) Proton density-weighted image ; B) T2-weighted image. ROIs were
placed at the anterior and posterior band of the disc, the cortical
bone of the condylar head, and the external auditory meatus (air).
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AD and PD of the TMJ disc, the cortical bone (CB) of the condylar head, and the external
auditory meatus (air), as shown in Fig. 2. The signal intensity of each ROI was measured using
the dedicated workstation of the MRI unit. The average signal intensity for each structure was
calculated, and an attenuation curve of signal intensity was generated.

Experiment 2 : Comparison of signal intensity in clinical images

Clinical MR images of TMJs were analyzed retrospectively. Fifty-six TMJ images from 28
patients (8 males, 20 females) were included in this part of the study. The mean age of these
patients was 33.8 years (range, 14-71 years). The MR images were recorded at the Tokyo Dental
College, Chiba Hospital, Japan, between September and October 2012. All patients complained
of TMD. The MR images were obtained using a double-echo sequence, which produced PDWIs
and T2WIs simultaneously. The imaging parameters are shown in Table 2. Twenty-six TMJs
were excluded because the AD and/or PD of the TMJ disc could not be observed clearly. The
remaining MR images of 30 TMJs were analyzed using the same method as in Experiment 1.
Circular ROIs were placed at the AD, PD, CB, and external auditory meatus, as shown in Fig. 2.
The signal intensity of each ROI was measured, and the average signal intensity for each struc-
ture was calculated. The Bonferroni test was performed for statistical analysis. The significance
level was set at 5% (a =0.05; EXCEL TOUKEI Ver. 6.06; Etsumi Co. Ltd., Tokyo, Japan).

Results

Experiment 1: Comparison of signal intensity attenuation curves

Example MR images acquired at the different TEs are shown in Fig. 3. Figures 4A, B, and
C show the signal attenuation curves for each TMJ structure, corresponding to AD, PD, and CB,
respectively. The signal intensity at each TE showed bilateral and individual differences. The
attenuation curves of AD and PD exhibited a similar tendency.

The attenuation curves generated with averaged signal intensities are shown in Fig. 5.
Although the curves of AD and PD were almost identical, the curve of CB was quite different.
At TEs shorter than 20 msec, the signal intensities of AD and PB were higher than CB. At a

Fig. 3. Example magnetic resonance images showing changes in the signal intensity according to
echo time (TE). A) TE=10msec; B) TE=350msec; C) TE =100 msec. Changes in the
signal intensity of the disc are evident.



MRI Signal Intensity of Temporomandibular Disc 419

1,200
— 1200 | —n
— e
1,000 ——2r
> e 1,000 |
@ 800 - =
< ——a £ 800
g - g
— - £ o0
g —n =
o — 5
¥ 00 f —a 2 400
200 [ —a—gl 200
0 0
0 250 0
TE (msec) TE (msec)
1,200 —
-
31,000 r :.::
2 a0 | -
3 ——aL
E —-6R
— 600 —@-6L
© . . . . .
g --~ | Fig. 4. Signal intensity attenuation curves for
— k —==8R . . .
@ - each temporomandibular joint structure.
200 | o A) Anterior band of the disc; B) Poste-
rior band of the disc; C) Cortical bone of

the condylar head. TE, echo time.

0 50 100 150 200 250
TE (msec]
700
600 | —+—Anterior band
-4#-posterior band

3_500 r N -+-Cortex of condylar head
2
@ 400
-
£
© 300
c
.80
)

TE (msec)
0 50 100 150 200 250

Fig. 5. Averaged signal intensity attenuation curves of
the anterior band of the disc, posterior band of
the disc, and cortical bone of the condylar head.
TE, echo time.

TE of 20 msec, AD, PD, and CB showed almost the same signal intensity. At TEs longer than
20 msec, the signal intensity of CB was higher than AD and PD.

Experiment 2 : Comparison of signal intensity in clinical images

The signal intensities of AD, PD, CB, and the external auditory meatus are shown in Fig. 6.
The signal intensities of AD, PD, and CB were significantly higher than those of the external
auditory meatus (air) on both the PDWI and T2WI. AD and PD showed a higher signal
intensity than CB on the PDWI; however, on the T2WI, CB showed a higher signal intensity
than AD and PD. These results were similar to those obtained in Experiment 1.
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Fig. 6. Signal intensities of patients with suspected temporomandibular disorders.
A: Signal intensity from proton density-weighted image (PDWI). B: Signal
intensity from T2-weighted image (T2WI). Black squares represent the mean
values. The horizontal line of each box represents the median, while the
top and bottom borders of the box represent the 75" and 25" percentiles,
respectively. Whiskers indicate maximum and minimum values. AD, anterior
band of the disc; PD, posterior band of the disc; CB, cortical bone of the
condylar head ; EAF, air of the external auditory meatus.

Discussion

MRI is a powerful tool for the diagnosis of TMD*?, and can be used to observe structural
changes in the TMJ, such as disc displacement, morphological disc change, fluid collection (effu-
sion) in the articular space, change in the posterior band, and change in the bone marrow of
the condylar head.

Effusion is depicted as a high signal intensity area on T2WI. Schellhas and Wilkes'” reported
that effusion was often observed in MR images of painful TMJs, and Larheim er al/'” suggested
that moderate fluid was significantly associated with disc displacement. Studies have shown that
the signal intensity of the posterior band increases in the following order: normal, posterior
disc displacement with reduction, anterior disc displacement with reduction, and anterior disc

)

displacement without reduction'. The signal intensity of the bone marrow in the condylar head

is also used in the diagnosis of TMD. Larheim et al'

reported that marked fluid effusion and
abnormal signal intensity of the condylar marrow are observed in 10% of patients with TMD.
In contrast, avascular necrosis is depicted as a low signal intensity area at the condylar marrow.
Schellhas et al'® asserted that avascular necrosis, which is often associated with pre-existing inter-
nal derangement of the TMJ, is relatively common and results in clinically significant lesions of
the mandibular condyle.

While the diagnostic assessments mentioned above were performed using only the MRI signal
intensity, the articular disc and cortex of the condylar head are usually evaluated solely on

their shape. Morphological changes of the disc are influenced by the type of displacement, and
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more serious deformations are associated with cases of anterior disc displacement without reduc-
tion®. For the condylar cortex, MRI has been used to assess morphological changes, similar to
computed tomography ¥, however, in these studies, the signal intensities of the articular disc and
condylar cortex were not taken into account. Conversely, other joints, such as the knee and hip,
are assessed by both the shape and signal intensity of the articular cartilage > .

There have been few studies investigating the signal intensity of the articular disc and condylar
cortex. Kakimoto et al® measured the T2 relaxation time of the articular disc, and concluded
that the T2 relaxation time in patients with TMD was longer than in healthy volunteers. Accu-
rate T2 relaxation time can be measured with a spin echo sequence. This is, however, too time-
consuming for use in the clinical setting. In clinical practice, a fast spin echo sequence is used
to obtain T2WIs because of its short acquisition time. Bae et al'¥ attempted to evaluate the
articular disc quantitatively in terms of the T1 relaxation time, T2 relaxation time, and T2* relax-
ation time. They used a 3.0 tesla MRI unit and the ultrashort time-to-echo imaging technique.
They found that the T2* value differed between asymptomatic and symptomatic volunteers.
Although this is a very important result, at present, the 1.5 tesla MRI unit is the most common
unit used clinically and the ultrashort time-to-echo technique remains difficult to use in the clini-
cal setting.

We compared the attenuation patterns of the signal intensities of CB, AD, and PD in terms of
TE. The results revealed that the signal intensities of AD and PD were higher than CB at TEs
shorter than 20 msec. This indicates that the proton density of the articular disc is higher than
the cortex. In other words, the articular disc contains more water than the cortex. At TEs lon-
ger than 20 msec, the signal intensities of AD and PD were lower than CB, suggesting that the
water in the disc has a shorter T2 relaxation time than in the cortex. These results likely reflect
the differences in the composition and structure of cortical bone and the articular disc, namely,
the amount of contained water and its form.

As for the components of normal bone, approximately 90% by weight is extracellular matrix,
with 65% hydroxyapatite, 10% to 15% water, and approximately 25% composed of the organic
components, type I collagen, and non-collagenous protein. A normal TMJ disc is composed of
compact fibrous connective tissue, consisting mainly of type I collagenous fibers and fibroblasts.
The vasculature is distributed at the periphery of the disc, particularly at the anterior band and
the posterior band of the disc. We were unable to find any literature on the water content of
human discs, and thus, could not verify whether the articular disc contains as much or more
water than the cortex. The water content of the articular disc of cattle, however, is reported to
be 66% to 80%. It seems natural for the water content of the disc to be higher than that of
the cortex. The shorter T2 relaxation time of the disc compared to the cortex may be caused
by the form of the water, which is strongly bound to compact fibrous connective tissues'.

The clinical PDWIs and T2WIs of patients in this study, which were obtained at TEs of
14 msec and 85 msec, respectively, showed similar results to those obtained with the multi spin-
echo sequence, as shown in Fig. 5. These results provide important information on the mea-
surement of signal intensities of the disc and cortex. Moreover, the signal intensities of AD,
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PD, and CB were significantly higher than that of the external auditory meatus (air) on both
PDWIs and T2WIs. According to these results, it can be concluded that measurement of the
signal intensities of the disc and cortex using a 1.5 tesla MRI unit with common imaging tech-
niques is rational and valid.

Our results support the reliability of research on the relationship between disease states and
the signal intensity of joint disks and cortical bone. In addition, these results suggest that
further studies using signal intensity may provide new diagnostic information, especially for the
early detection of inflammatory changes of the articular disc and cortex in TMD.
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