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Dual-Surface-Coil MR Imaging of Bilateral
Temporomandibular Joints: Improvements in the Imaging

Protocol

Frank G. Shellock’ and Barry D. Pressman

Surface-coil MR imaging is considered to be an efficacious
technique for evaluating temporomandibular joint (TMJ) dys-
function [1-4]. However, several problems are associated
with the clinical implementation of MR imaging for TMJ ex-
amination. These include (1) the long procedure time required
to image both joints with surface coils (this is necessary
because of the large number of bilateral abnormalities in
patients with internal derangements [5, 6]); (2) the inability or
failure to obtain images in standardized perpendicular and
parallel planes relative to the long axis of the condylar head
(this is difficult to accomplish by using conventional positioning
techniques and external landmarks because the angulation of
the joint is highly variable [7, 8]); and (3) the lack of diagnostic
information concerning motion of the TMJ. Although there
have been attempts to address some of these issues [5, 6,
8, 9], not all of the solutions have been entirely satisfactory
nor have the various techniques been used together to opti-
mize the imaging protocol. Therefore, in this report we de-
scribe the application of recent technological advances that
were combined to provide answers to the above-mentioned
problems in order to improve the MR imaging technique for
examination of the TMJ.

Materials and Methods

MR imaging was performed with a 1.5-T MR Signa scanner* using
a quadrature body coil as the transmitter and two 6.5-cm receive-
only surface coils. The dual surface coils were factory-tuned to 50
ohm and combined with a special RF matching network that matched
the output in phase to a 50-ohm impedance. This resulted in a
configuration that did not require additional tuning or modification of
the surface coils. The dual surface coils were positioned over the
right and left TMJs by means of a commercially available surface-coil
positioning device* that allowed the coils to be placed firmly against

the patient’s face. This stabilized the patient's head and reduced the
potential for motion-related artifacts.

After reviewing the literature, we conducted a pilot project to devise
a protocol for static closed-mouth MR imaging of bilateral TMJs in
order to optimize (i.e., good diagnostic image quality, proper orien-
tation of imaging planes, etc.) the procedure while keeping imaging
time to a clinically acceptable minimum. The imaging protocol we
developed is displayed in Table 1 and Figures 1-4.

To obtain diagnostic information related to the motion of the TMJ,
kinematic (“kinematic” refers to the motion of a body without refer-
ence to force or mass) MR imaging was performed using a TMJ
positioning device' to passively open the patient's mouth [9]. Se-
quential MR images were acquired at the following mouth positions:
(1) closed mouth without the positioning device in place, (2) closed
mouth with the positioning device placed in between the front incisors,
and (3) repeatedly with the mouth open at 20% increments of the
maximum, based on a precalculated range of motion for the patient.
In this manner, seven positions were typically imaged.

The range of motion was determined by having the patients
maximally open their mouths with the positioning device in place to
a position that was not forced and did not cause pain. This procedure
was repeated three times and the average range of motion was
calculated for each patient. The above procedure permitted a stan-
dardized assessment of mandibular range of motion and was useful
for determining the relationship between the menisci and condyles at
specific increments of mouth opening during MR imaging. The pro-
tocol used for kinematic MR imaging of bilateral TMJs is described in
Table 1.

The kinematic motion display of the MR images was accomplished
by using commercially available software* to produce a cine-loop
format [9, 10]. Slices obtained through each of the TMJs were
inspected separately, and images at the same location that best
depicted the meniscus, condyle, glenoid fossa, and articular eminence
were selected (usually a mid-condylar slice) and displayed at a speed
that was controlled by a computer track ball [10]. A special VCR
interface* was used to record and archive the kinematic MR images
on Y2-in. VHS video cassettes.
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TABLE 1: Dual-Surface-Coil MR Imaging of Bilateral TMJs: Imaging Protocol

Slice No. ;
: TR TE ; FOV b Gap Time
Series Plane (msec)  (msec) Matrix (cm) Th;f:](;?ss (mm) NEX Slicc):fe . (min)
Static closed-mouth
views
1 Axial® 400 20 128 x 256 14 3 1 1/2° 9 0:42
2 Obliqued sagittal® 800 20 256 x 256 10 3 0.5 2 8 6:57
3 Obliqued coronal® 600 20 128 x 256 10 3 0.5 1 8 1:37
Kinematic study
4 Obliqued sagittal® 600 20 128 x 256 10 3 0.5 1 6 1:37

Note.—TR = repetition time, TE = echo time, FOV = field of view, NEX = number of excitations.

* Localizer scan.

® Fractional NEX images were acquired from symmetrically conjugated data obtained about the field of view with overscanning in the phase-encoding direction
to provide consistent data.

¢ Obliqued sagittal plane images obtained by viewing axial plane localizer and selecting four slice locations by means of graphic prescription software that were
perpendicular to the long axis of each of the condylar heads (see examples in Figs. 1 and 2).

¢ Obliqued coronal plane images obtained by viewing axial plane localizer and selecting four slice locations by means of graphic prescription software that were
parallel to the long axis of each of the condylar heads (see examples in Figs. 3 and 4).

Fig. 1.—3-mm-thick axial slice shows eight
slice locations selected in a perpendicular ori-
entation to long axis of each condylar head.

Fig. 2.—3-mm-thick obliqued sagittal slice,
closed-mouth view. Posterior band of meniscus
(arrow) is in an anterior position relative to con-
dyle.

Fig. 3.—3-mm-thick axial slice shows eight
slice locations selected in a parallel orientation
to long axis of each condylar head.

Fig. 4.—3-mm-thick obliqued coronal slice.
Meniscus (white arrows) is in a normal position
relative to condylar head (black arrow).
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Fig. 5.—A-F, 3-mm-thick obliqued sagittal mid-condylar slices obtained simultaneously from the right (top images, A, C, E) and left (bottom images, B,
D, F) show TMJs with the mouth closed, 40% opened, and fully opened. The meniscus (anterior band = open arrows, posterior band = closed arrows) of
the right TMJ is in a normal position in the closed-mouth view and the 40%-opened-mouth view. The fully opened mouth position shows a posterior
displacement of the meniscus (anterior band = open arrow, posterior band = closed arrow).

The meniscus (anterior band = open arrows, posterior band = closed arrows) of the left TMJ in the closed-mouth position is in a slightly anterior
position relative to the condyle compared with the meniscus of the right TMJ, but it is within normal limits. The meniscus (anterior band = open arrows,
posterior band = closed arrows) translates with the condyle on the 40%-opened and fully opened mouth views. Note the difference in translation of the
right compared with the left condyle relative to each articular eminence in the 40%-opened and fully opened mouth positions. Markedly disordered motion
of the left TMJ was readily apparent by viewing the cine-loop display of the seven images acquired for the kinematic study. The patient had asymmetric

mandibular motion with a right to left deviation during mouth opening.

Results and Discussion

The technical quality of the images sufficiently depicted the
meniscus, condyle, glenoid fossa, and articular eminence of
the TMJ to provide a conclusive diagnosis in 53 of the 53
patients studied to date.

Dual-Coil MR Imaging of Bilateral TMJs

Two major advantages to using dual surface coils were
evident. First, there was a reduction in time of approximately
50% for the overall set-up and data acquisition. Second, the
use of dual surface coils allowed images to be obtained
simultaneously from the right and left TMJs so that a direct
comparison could be made between the two joints at the

same degree of mouth opening. This was especially important
for the detection of mandibular motion-related abnormalities
[11] (see Fig. 5).

Optimal Imaging Planes for Viewing the TMJ

The condyle of the TMJ is a relatively small structure that
is situated in obliqued angles in both sagittal and coronal
planes [7]. Studies have indicated that the optimal orientation
for images of the TMJ should be with reference to the long
axis of the condylar head because a significant number of
both normal subjects and patients have condyles that are
asymmetric with respect to their size and orientation [4, 7,
8].Using a cephalostat to position the patient’s head, Laurell
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et al. [8] demonstrated that consistent, standardized images
of the TMJ could be obtained if selected at locations relative
to the position of the condylar head. With the current availa-
bility of MR imaging graphic prescription software,” image
slice locations are easily obtained in any imaging plane so
that optimal views of the TMJ can be acquired without the
need for special anatomic positioning or the use of a cepha-
lostat.

A recent study conducted by Westesson et al. [3] indicated
that coronal plane imaging of the TMJ combined with sagittal
views improved the accuracy of MR imaging for determining
displacement of the meniscus. Medial or lateral displacement
of the meniscus can be easily identified on coronal plane
images [3]. In addition, this imaging plane is useful for evalu-
ating bony anatomy and muscles of mastication [3].

Kinematic MR Imaging of Bilateral TMJs

There are several reasons why it is important to perform
motion imaging of the TMJ. For example, in order to treat a
patient with an anteriorly displaced meniscus that reduces
during opening of the jaw, it is necessary to ascertain the
point of recapture and the position of the mandible for the
proper application of splint therapy [12]. If incorrectly initiated,
splint therapy can actually be a factor in progression of TMJ
dysfunction or, at the very least, may not correct it [12].

Examination of the TMJ by arthrography has demonstrated
the importance of studying the motion aspects of the TMJ
because of the similarity between normal variants and internal
derangements that are observed on static closed-mouth stud-
ies [11]. Therefore, motion studies of the TMJ may also be
useful for avoiding inaccurate diagnoses [11].

Since the mandible has a bilateral articulation with the
cranium, both TMJs must function in synchrony and any
asymmetric movement is regarded as an abnormality [7].
Therefore, the determination of asymmetric motion abnor-
malities also requires motion imaging. Considering all the
above, the necessity of imaging the TMJ with a technique
that shows the relationship between the meniscus and con-
dyle through a range of motion of the mandible is obvious.

The inability of MR imaging to provide a functional assess-
ment of jaw biomechanics and meniscus-condyle coordination
was initially seen as a limitation of this imaging technique for
evaluation of the TMJ [1-3]. Recently, Burnett et al. [9] made
a significant contribution to MR imaging of the TMJ by using
the partial flip angle technique to obtain images at multiple
phases of mouth opening. However, because of the intrinsi-
cally poor spatial resolution of partial flip angle imaging, the
meniscus appeared less prominent when compared with
standard clinical pulse sequences (i.e., T1-weighted) used for
imaging the TMJ [9]. Therefore, images acquired for the
motion display lacked the resolution to clearly define the
meniscus at each level of mouth opening. The technique
described by Burnett et al. [9] frequently required time-con-
suming modifications of the flip angle for each procedure and
only provided one slice location through the condyle. Of
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additional concern is the fact that partial flip angle MR imaging
is more likely to produce unacceptable image quality because
it is particularly sensitive to background field inhomogeneities,
such as those caused by metallic dental materials, and can
produce other potentially misleading alterations in image qual-

ity [9].

Owing to the above problems and concerns, we elected to
use T1-weighted, spin-echo imaging, which effectively delin-
eated the meniscus and its position relative to the condyle
whether or not the study was viewed in a static or kinematic
MR imaging mode. Of note is that these images were acquired
within a clinically acceptable length of time. Furthermore,
asymmetric motion abnormalities are readily apparent with
kinematic MR imaging, since both TMJs can be viewed at the
same level of mouth opening [11] (see Fig. 5).

In conclusion, this MR imaging technique for examination
of bilateral TMJs provided several advantages over previously
described imaging protocols, including (1) a reduction in pro-
cedure time, (2) a decreased likelihood of motion artifacts, (3)
a standardization of imaging planes oriented to the condylar
head, (4) diagnostic information concerning the position of the
meniscus in relation to the condyle during incremental move-
ment of the mandible, and (5) the ability to detect asymmetric
motion abnormalities.
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