in vivo 34: 95-99 (2020)
doi:10.21873/invivo.11749

Repeated Live Imaging in the Temporomandibular
Joint of an Anterior Crossbite Mouse Model
Using a 7T Magnetic Resonance Device

KO ITO!, FUMIE YAMAZAKI!2, SHINNOSUKE NOGAMI?, KOSUKE TAKAHASHI!,
TOSHIROU KONDOH! and ALASTAIR GOSS*

!Department of Maxillofacial Surgery, Nihon University School of Dentistry at Matsudo, Matsudo, Japan;
2Department of Regulatory Physiology, Dokkyo Medical University School of Medicine, Mibu, Japan;
’Division of Oral and Maxillofacial Surgery, Department of Oral Medicine and Surgery,

Tohoku University Graduate School of Dentistry, Sendai, Japan;
40ral and Maxillofacial Surgery Unit, Faculty of Health Science University of Adelaide, Adelaide, Australia

Abstract. Background/Aim: Few studies have performed
magnetic resonance (MR) imaging on live animals. The aim of
this study was to perform 7T MR microimaging of the
temporomandibular joint (TMJ) multiple times in the same
living mice with malocclusion, and to compare between MR
imaging and histopathological findings. Materials and
Methods: Mice were examined by MR imaging at 3-4, 6 and 12
weeks following the attachment of a metal tube on the left
mandibular incisor. Histopathological examination was done at
3, 6 and 12 weeks. Results: The detailed structure of the TMJ
was evident from MR microimaging. The histopathological
examination showed some changes in the cartilage, but no
changes in the bone structure of these mice. Conclusion: We
successfully performed multiple 7T MR imaging in living mice.
Even if the TMJ showed no obvious changes on MR images,
minute changes may be present in the cartilage.

Internal derangement (ID) and osteoarthritis (OA) are
relatively common diseases affecting the temporomandibular
joint (TMJ). ID is a functional disorder of the articular disc,
whereas OA is considered as a degenerative process, in
which cartilage destruction of the mandibular condylar and
articular joint surface is accompanied by bone resorption or
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addition (1-3). Histopathological examination of these
conditions in humans is limited. Computed tomography (CT)
and magnetic resonance (MR) imaging are used in clinical
practice and are often applied to determine the treatment
strategies and evaluate their effects. There are only few
studies which have radiologically evaluated the results of
histopathological findings using animal disease models (4,
5). Thus, the relationship between actual pathological
changes and radiological findings therefore remains unclear.

In animal experiments, MR imaging of animals following
sacrifice does not completely reflect the blood flow and
interstitial fluid in the living body, so an in vivo imaging
acquisition is more accurate. In addition, observing temporal
changes in the same animal model is important. This is
because pathological changes occurring in the TMJ could
change over time (6, 7). The ability to carry out examination
of this anatomical location in the same experimental animal
several times would therefore be highly valuable in terms of
elucidating the etiology of joint disease. Although
experimental research using large animals, such as sheep and
pigs that have similar structures and movement compared to
the human TMJ is desirable, equivalent large-scale
experimental facilities and imaging devices for large animals
are also required, placing practical limitations on the
experiments that can be conducted (8-10). Experimental
studies using rats and mice are, thus, considered, however,
MR imaging of such small animals is not technically easy,
mainly due to size limitations and fragility of bone
structures. Despite these difficulties, Yamazaki et al., have
successfully examined the mouse TMJ using a 7T high-field
MR imaging system (5).

In this study, we performed MR imaging several times in
the same mice in vivo, following an occlusal disorder that
was created by attaching a metal tube to a mandibular
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Figure 1. Anterior crossbite mouse model. (A) Metal crowns extending to a height of 5 mm were made. (B, C) The metal crown was fixed to the

mandibular incisor using zinc phosphate cement.

anterior tooth, for the purpose of evaluating and comparing
histopathological and MR imaging findings.

Materials and Methods

The Animal Research Councils of Dokkyo Medical University
approved all animal experiments. The related judgment reference
number at Dokkyo Medical University is 0876.

Preparation of anterior crossbite for mice. In this study, 8 male
C57BL6 mice (age range=6-8 weeks) were divided into two
experimental groups: one group was examined by MR imaging prior
to the attachment of the metal tube, and then at 3 and 4 weeks after
the experimental intervention; while the other group was examined
prior to the attachment of the metal tube, and then at 6 and 12
weeks following the experimental operation (n=4 each). In each
experimental group, a metal tube was bonded onto the left
mandibular incisor to create a unilateral anterior crossbite
relationship. As described in a previous study (11), the metal tube
was made from a pinhead (Shinva Ande, Shandong, PR China; inner
diameter=0.94 mm, thickness=0.26 mm). The mandibular tube was
cut to a length of 5 mm, and was bent labially 3 mm above the
anatomical cervical line of the mandibular incisor. The tube was
carefully bonded with zinc phosphate cement (GC Co., Tokyo,
Japan) under anesthesia using intraperitoneal injection of 50 mg/kg
pentobarbital and was checked every other day. No prostheses fell
off during the experimental period. Results of MR imaging prior to
the attachment of the metal tube were used as control data. Figure
1 shows the occlusal relationship of the anterior teeth immediately
following bonding of the metal tube. Body weight was recorded
every other day.

MR microimaging of the mouse TMJ. The metal tube was removed
under intraperitoneal anesthesia before MR imaging. After
removal, the mouse was set on the 7T MR imaging system, then
an 18-mm-diameter surface coil was set on the top of the head to
image both right and left TMJs simultaneously. Mice were
anesthetized using 1% sevoflurane in a gas mixture of
0,/C0O,/N,0 delivered through a face mask at a rate of 0.6 I/min.
MR images were obtained using the 7T microimaging system
(AVANCE 1II; Bruker BioSpin, Ettlingen, Germany) with a
ParaVision operating software (version 5.1; Bruker BioSpin).
Parameters for 2-dimensional (2D) T;-weighted (T;W) gradient
echo imaging were: i) field of view (FOV) of 16.64x16.64 mm,
i) matrix of 256x256, iii) slice thickness of 0.5 mm, iv) repetition
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time (TR) of 150 ms, v) echo time (TE) of 4 ms, and vi) flip angle
at 45°. Fat-suppressed 3-dimensional (3D) T1W was also
conducted with i) a voxel size of 80x80x80 um, ii) TR at 100 ms,
iii) TE at 4 ms, and iv) flip angle at 90°. In accordance with the
slice settings for the mouse TMJ (5), we defined the coronal and
sagittal planes for MR imaging.

Histological examination. Murine TMJs were dissected after MR
imaging at 3, 6, or 12 weeks following tube bonding (n=2 at each
time point), were then fixed in 10% neutral-buffered formalin
solution, demineralized in 5% ethylenediaminetetraacetic acid, and
embedded in paraffin. Paraffin sections were prepared using a slice
thickness of 7 um and stained using hematoxylin and eosin (H-E
staining).

Results

Body weight. Feeding activity of the experimental models
(Figure 1) was normal, while no marked changes in weight
were found for the duration of the experiment.

MR imaging of the mouse TMJ. The main components of
the joint, temporal bone, joint disc and mandibular
condyles were clearly depicted. The coronal section on
TIW GE-MR image shows the temporal bone and
mandibular condyle using low signal, and the articular joint
disc using low-middle signal. Comparison of MR images
at 3,4, 6 and 12 weeks showed no marked changes in the
position and shape of the joint disc, and no findings
suggested inflammatory changes, such as joint effusion,
with no clear differences evident between experimental and
control groups. No articular cartilage was identified in the
MR images (Figure 2).

Histological findings by H-E staining of mouse TMJ.
Irregularity was observed in the arrangement of chondrocytes
at 3 weeks (Figures 3B and F). At 6 weeks, a cell-free area
was formed in the cartilage (Figures 3C and G), while cluster
formation was observed at 12 weeks (Figures 3D and H). No
obvious changes in bone structure were observed (Figures
3A-H).
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Figure 2. MR microimaging. T1-weighted GE-MR image shows the temporal bone and mandibular condyle (arrow) with low signal, and an articular
joint disc (arrowhead) with low-middle signal. Comparison of MR images at 3, 4, 6 and 12 weeks shows no marked changes in the position or
shape of the joint disc. There is no difference between the experimental and the control group.
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Figure 3. Histological findings of the mandibular condyle. (A-E) No obvious changes in bone structure are apparent. (F) Irregularity is observed
in the arrangement of chondrocytes at 3 weeks (red arrowhead). (G) At 6 weeks, a cell-free area is apparent in the cartilage (yellow arrowhead).
(H) At 12 weeks, cluster formation is observed (black arrowhead).
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Discussion

In this study, we found that over time there was no change
in the MR imaging appearance of the TMJ but there were
histologic change. By maintaining an occlusion from anterior
crossbite with metal tube, irregular cell arrangement, a cell-
free area, and clustering were observed in the cartilage of the
mandibular condyle. These histological changes were not
detected through MR microimaging.

Imaging of living mice is also technically difficult. As the
time required for MR imaging under general anesthesia
increases, so does the burden on the experimental animal.
The TMJ of the mouse is less than 3 mm in maximum
dimension, including the joint disc and mandibular
condyles, so high-field 7T MR microimaging is needed to
observe such a small anatomical region. Few reports have
looked into the TMJ in living experimental animals, and
none has performed MR imaging several times on the same
experimental animal. We placed a coil on the top of the head
to examine bilateral TMJs in the same scan. The reason
behind this was that in the experimental model we used a
metal tube attached to the left incisor, disordering the
occlusal load. Although no significant differences were seen
between right and left MR imaging, the position of the
articular disc and the structure of the temporal bone and
mandible were clearly shown. The cartilage layer was not
visible even with high-field 7T MR microimaging.
Currently, in clinical practice, 3T MR imaging is used as
high-power field equipment, however, detecting
pathological changes on the level of the cartilage of the
mandibular condyle is difficult, with the exception of large
cartilage masses, such as in osteochondromatosis (12, 13).

Cluster formation was found in the cartilage layer on the
mandibular condyle. Cluster formation in the cartilage is
known to result from abnormal cellular activity (14). However,
the cluster formation of chondrocytes shows higher cell
division ability compared to normal chondrocytes, and it has
also been suggested that cartilage may be repaired (15, 16).
Hence, cluster formation in this experiment may be considered
as a mechanosensitive process of adapting to a dynamic load.

In conclusion, we successfully performed MR imaging
depicting the detailed structure of very small TMJs several
times in the same living mice. This study can be applied for
disease models of various etiologies, and should contribute
to the elucidation of the pathophysiology of TMJ disease in
the future, despite the fact that detecting changes at a cellular
level in the cartilage layer of the mandibular condyle may
still prove difficult.
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