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Abstract

The articular surfaces of the temporomandibular joint (TM)) in the cat consist of the articular head of the condylar process of the
ramus of the mandible and the mandibular fossa of the petrous part of the temporal bone. Anatomic conformation of the TM]
articular surfaces can vary; however, this has not been studied in the cat. Thus, the aim of this study was to characterize the con-
formation of the medial region of the TMJ in mesocephalic adult cats as well as to determine the articular relationship by measure-
ment of the degree of coverage of the mandibular fossa over the articular head. This was accomplished by assessing 60 TM]s from 30
mesocephalic adult cats by means of cone-beam computed tomography (CBCT). The width and depth of the mandibular fossa, and
the degree of coverage of the mandibular fossa were evaluated using parasagittal reconstructions of the medial aspect of the TM] by
two observers. No statistically significant difference was observed during the intra and interobserver evaluation of the mandibular
fossa width and depth and the degree of coverage of the mandibular fossa over the articular head. P-values for the studied variables
were greater than 0.05. The resulting measurements demonstrated a concave mandibular fossa with a prominent retroarticular
process and a poorly developed articular eminence; a well-defined rounded articular surface, and a high degree of coverage
(171°) of the mandibular fossa over the articular head. In conclusion, the articular surfaces at the medial aspect of the TM] displayed
elevated geometric similarity, with an articular head of the condylar process deeply seated in the mandibular fossa.
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Introduction mandibular fossa of the squamous portion of the temporal

. . . . . bone."* The retroarticular process and the articular eminence
The temporomandibular joint (TMJ) in the cat is a synovial ;e pony elongations located at the medial ventrocaudal and
joint comprised of two articular surfaces: the articular head of  lateral dorsorostral aspects of the mandibular fossa respectively.
the condylar process of the ramus of the mandible and the The bony elongations prevent the displacement of the condylar
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Figure |. Lateral (A) and ventral (B) views of the left TMJ of an adult
cat skull. Articular eminence (ae). Retroarticular process
(rp). Articular head of the condylar process (*).

process in a caudal or rostral direction (Figure 1). A fibrocarti-
laginous articular disk located between the articular surfaces
divides the joint space into two separate compartments
(dorsal and ventral) containing synovial fluid.'*

In the cat, the articular surfaces are stabilized by the lateral
pterygoid muscle and the articular capsule, which in turn is rein-
forced at its lateral and caudal aspect. The lateral and caudal rein-
forcements of the joint capsule have been considered analogous
to the lateral and caudal ligaments in the horse.>* Great congru-
ence between the articular surfaces of the TMJ has been reported
in sagittal sections in a previous study that showed that the rostro-
lateral articular surface of the articular head of the condylar
process was more developed at the point that articulates with
the articular eminence of the mandibular fossa, while the ventro-
medial articular surface of the articular head was more prominent
at the area that articulates with the retroarticular process.**

Although shape and integrity of the TMJ have been routinely
assessed in the veterinary field by general practitioners by means
of radiography, diagnosis of TMJ alterations using this technique
remains a challenge due to the superimposition of the joint with
adjacent structures of the calvarium.>® Advancements in diag-
nostic imaging techniques such as computed tomography (CT),
magnetic resonance imaging (MRI), and, more recently, cone
beam computed tomography (CBCT) have been used in veteri-
nary medicine to obtain high-quality images while eliminating
superimposition of soft and bony components over the joint.>
1% In human medicine, these advanced diagnostic imaging tech-
niques are considered standard for evaluation of disorders of the
TMJ, enabling very detailed images of cortical and trabecular
patterns and of articular surface morphology.''"!?

Although the TMJ morphology and congruence in the cat
may be affected by several disorders such as fractures, osteoar-
thritis, dysplasia, or ankylosis,'> changes in the anatomic con-
formation and the relationship between the articular surfaces
may also be related to the normal anatomic conformation of a
specific breed or skull conformation as previously reported in
other species.'* From a clinical viewpoint, joint congruence
has been defined as how the articular surfaces meet each
other from a geometrical perspective. Joint congruence has
been used as a tool to evaluate the capability of a joint to distrib-
ute a load over the articular surfaces.'”> Knowledge of the
normal conformation and the congruence of the articular sur-
faces of the feline TMJ can improve the ability to diagnose

underlying conditions that may decrease the range of motion
of the mandibles, and cause oral discomfort and dysphagia.

In humans, the contour of the TMIJ articular surfaces, the
joint space, and its congruence have been assessed by semiau-
tomated 3-dimensional analysis of images obtained by means of
CBCT. This technique uses specialized imaging software for
mapping the opposing joint surfaces by means of placement
of homologous pairs of landmarks on both articular surfaces.
The distance between the homologous landmarks allows for
evaluating the shape and the joint space from a 3-dimensional
perspective.'? In the veterinary field, a CT study performed in
the dog demonstrated three different configurations for the
TMIJ. In that study, CT parasagittal images of the medial
aspect of the joint were used for assessment of the shape of
the articular surfaces and their relationship.'*

Although the morphologic features and diagnosis of dental and
TMIJ abnormalities in veterinary patients have been evaluated with
cross-sectional imaging techniques such as CT and CBCT,'*!%1
studies focused on the typical morphology and establishment of
the relationship between the articular surfaces of the TMJ in the
cat are lacking. The aim of the present study was to establish
the morphology of the TMJ in adult mesocephalic cats, as well
as to propose a measurement for quantification of the ‘articular
congruence’ at the medial aspect of the TMJ, the area where the
articular surfaces display the greatest articular relationship.

Materials and Methods

Pilot Study

A preliminary CBCT study using three cat cadaver heads estab-
lished where the TMJ mandibular fossa displayed its deepest
area, and consequently, where there was the greatest relation-
ship between the articular head of the condylar process and
the mandibular fossa. Measurements from this region were
used to calculate the variables studied in the 60 TMlJs.
Imaging acquisition was performed using a CBCT unit®. For
the acquisition of tomographic images, the heads were placed
in a cylindrical plastic container, with the mandibles parallel
to the horizontal plane. The tomographic technique used 120
kVp, 37.7 mA, and a 27 s acquisition time with a matrix size
of 512 x 512 and voxel resolution of 0.25mm. Multiplanar ref-
ormation (MPR) using a bone window for the TMJs was per-
formed using a dedicated DICOM viewer software (window
level - 400 - 600 HU/window width 2000-5000 HU)".
Following the initial transverse reconstruction, multiplanar
reformation (MPR) was performed to create two-dimensional
symmetrical images of the TMJs on transverse, parasagittal and
dorsal planes. Measurements were made at the mandibular
fossa depth at its lateral, middle, and medial regions on parasagit-
tal images for establishment of the deepest area. The depth of the
mandibular fossa was established by the measurement between
the external surface of the subchondral bone of the mandibular
fossa and a line drawn between the caudoventral and rostrodorsal
margins of the fossa (Figure 2). The deepest region of the man-
dibular fossa corresponded to its medial portion (Figure 3).
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Figure 2. CBCT transverse (A, B, C) and parasagittal (a, b, ¢) multiplanar rendering of the left TMJ region in an adult cat head using bone
algorithm reconstruction, showing how the temporomandibular fossa depth was obtained at the medial (Aa), middle (Bb) and lateral (Cc)
regions. The depth corresponded to the measurement between the external surface of the subchondral bone of the mandibular fossa and a line
drawn between the caudoventral and rostrodorsal margins of the fossa. Articular head of the condylar process (*). Retroarticular process

(arrowhead).

Figure 3. CBCT parasagittal (A), transverse (B) and dorsal (C) multiplanar rendering of the left TM] region in an adult cat head using bone
algorithm reconstruction. Articular head of the condylar process (*). Retroarticular process (arrowhead). The medial aspect of the TMJ, where
the retroarticular process reaches its maximum extension, is demarcated (dashed circle).

The relationship of the TMJ articular surface of the mandib-
ular fossa with the articular head of the condylar process at its
deepest area was also assessed in an open versus closed mouth
position. Using reformatted CBCT images, the joint space was
assessed qualitatively by visual inspection to identify a possible
widening of the articular space in the medial region of the TMJ.
Narrowing or widening of the joint space was linked with a
change in the articular relationship between the condylar
process and the mandibular fossa. No relevant differences
were associated with the position of the condylar process in
relation to the mandibular fossa, therefore the main study was
performed using the closed mouth position.

As proposed in previous research performed in the dog,'* the
following anatomic landmarks were suggested on parasagittal
reconstructions of the medial aspect of the TMJ in the present
study: (1) the mandibular fossa, (2) the ventral border of the retro-
articular process, (3) the articular eminence of the mandibular fossa
and (4) the estimated axis of rotation (EAR) of the articular head of
the condylar process (Figure 4). The EAR was obtained by fitting
part of a circle drawn over the articular surface of the articular head,
and then adding two perpendicular lines, one in a horizontal plane
and another in a vertical plane, dividing the circle into four equal
quadrants. The intersection point between the lines was considered
as the EAR of the articular head of the condylar process (Figure 5).
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Main Study

Using the landmarks and technique established during the pilot
study, 60 TMJs from 30 cadavers of mesocephalic domestic
shorthair cats donated by the owners for research and teaching
purposes were evaluated by CBCT. No brachycephalic or doli-
chocephalic cats were used in this study due to a shortage of

Figure 4. CBCT parasagittal rendering of the medial aspect of the
TMJ of a mesocephalic adult head cat showing the anatomic landmarks
used for the morphometric study. Articular eminence (ae).
Mandibular fossa (mf). Retroarticular process (rp). Estimated axis of
rotation of the articular head of the condylar process (dot).

specimens at the time of the investigation. Heads from cats
euthanized for reasons related to head trauma, and with evi-
dence of ear or TMJ disease on gross examination, were
excluded from this study. Sex and weight were not available.
This study was approved by the ethics committee of the
School of Veterinary Medicine and Animal Science of the
University of Sao Paulo (USP).

Based on anatomic landmarks, the following measurements
were performed at the medial aspect of the joint in a close
mouth position: (1) the width, (2) depth of the mandibular
fossa, and (3) the degree of coverage of the mandibular fossa
over the articular head of the condylar process. The width
was the distance in a straight line extending from the margin
of the articular eminence to the ventral border of the retroartic-
ular process of the mandibular fossa. The depth of the mandib-
ular fossa was the distance between the external surface of the
subchondral bone of the mandibular fossa at its deepest area,
and the line used for measuring the width (Figure 6). The
degree of coverage of the mandibular fossa over the articular
head quantifies the relationship between the articular head of
the condylar process of the ramus of the mandible and the man-
dibular fossa at the medial aspect of the joint. The degree of
coverage of the mandibular fossa was composed of vectors con-
necting the margin of the articular eminence to the EAR of the
articular head, and then to the ventral border of the retroarticular
process (Figure 7). The morphology of the surface of the artic-
ular head at the medial aspect of the condylar process was clas-
sified as either regular, if its contour was rounded and easily
delineated by the circle used for the establishment of the
EAR of the condylar process, or irregular, if the contour of
the articular head was not uniformly delineated by the circle.

Thirty right TMJs and 30 left TMJs were independently
evaluated using a dedicated image diagnostic software® by
two certified veterinary dentists (MSR and LAV) at one-week
intervals. The landmarks and measurements were obtained at
the area where the retroarticular process of the mandibular

/3 /Y

Figure 5. CBCT sagittal reconstructions of the medial aspect of the TM] of a mesocephalic adult head cat showing how the estimated axis of
rotation of the articular head was obtained using a DICOM imaging software. A circle was matched to the articular surface of the articular head
contour (A). The circle’s center was established by drawing a vertical and horizontal line dividing the circle into four equal parts (B). The
interjection point between the lines (small circle) was the estimated axis of rotation of the articular head of the condylar process (C).
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fossa displayed its maximum ventral extension. The measure-
ments were performed at the same location or as near as possi-
ble to the medial aspect of each joint. The measurements for the
width, depth, and degree of coverage were performed three
times during each evaluation, and their means were calculated
for statistical purposes. Intraobserver comparison was per-
formed between the right and left mean values for the width,
depth, and degree of coverage of the mandibular fossa to estab-
lish if the joints were symmetric.

Subsequently, interobserver reliability was evaluated for the
degree of coverage of the mandibular fossa, which was the
parameter in this study proposed to quantify the extent of the
relationship between the articular surfaces at the medial
aspect of the joint. The minimum and maximum values and
respective means were calculated on each side (left and right
TMJ) using statistical ‘R’ software (version 3.5.1)°
Descriptive analysis was used to identify potential measure-
ment errors (anomalous values or values that were too different

Figure 6. lllustration of the medial aspect of the TM] region in a cat
(A) and CBCT parasagittal rendering of the TM] of a mesocephalic
adult cat (B) showing how the width and depth were obtained. (1)
Mandibular fossa width: measurement between the articular eminence
and the ventral border of the retroarticular process; (2) mandibular
fossa depth: measurement between the subchondral bone of the
mandibular fossa and the line used for getting the width.

Figure 7. lllustration of the medial aspect of the TMJ region in a cat
(A). The landmarks used for the angle measurement were: (1)
articular eminence, (2) estimated axis of rotation, and (3) ventral
border of the retroarticular process. CBCT parasagittal rendering of
the TM] of a mesocephalic adult cat showing how the degree of
coverage (189°) of the mandibular fossa over the articular head
(shaded area in A) was obtained (B).

from the other measurements). The paired #-test was used to
compare the results. Significance was defined as P <0.05.

Results

The pilot study determined that the deepest area of the mandib-
ular fossa corresponded to the medial aspect of the temporo-
mandibular joint, the region where the retroarticular process
showed its greatest caudoventral extension. The range and
mean values for the lateral, middle, and medial portions of
the TMJ deep were between 0.89 - 1.01 mm (mean = 0.93
mm), 1.77 - 1.90 (mean = 1.83 mm), and 2.0 - 2.38 mm
(mean = 2.22 mm) respectively. On visual inspection of the
tomographic images, no gross articular space widening or nar-
rowing was associated with mouth positioning (open/closed).
In parasagittal reformatted images of the medial aspect of the
TMJ, the articular head surface of the condylar process was
observed as a well-defined circumscribed bony structure
cupped ventrocaudally by the retroarticular process of the man-
dibular fossa. At the lateral aspect, parasagittal reformatted
images showed a less prominent semicircular surface on the
dorsorostral aspect of the articular head, articulating with the
articular eminence of the mandibular fossa. The articular
surface of the articular head was more prominent at the
medial region of the joint, presenting its maximum diameter
and the maximum articular relationship with the mandibular
fossa. The morphology of the surface of the articular head at
the medial aspect of the condylar process in parasagittal refor-
matted CBCT images corresponded to a well-defined rounded
bony structure in 96.6% (58/60 TMIJs), while 3.4% (2/60
TMIJs) presented a moderate irregular contour (Figure 8).
Parasagittal images of the medial aspect of the mandibular
fossa showed a concave articular surface with a well-defined
retroarticular process located at its ventrocaudal aspect. The
articular eminence of the mandibular fossa appeared as a less

Figure 8. CBCT. Parasagittal rendering images of the medial aspect
of TMJs of two mesocephalic adult cats. (A) Congruent joint formed
by a well-defined rounded articular head (*) fitted in a deep
mandibular fossa. The joint space appears as a uniform
hypoattenuating line. This TMJ anatomic conformation was observed
in 96.6% (58/60 TMJs). (B) Two TMJs from one cat (3.4%) were less
congruent, showing an irregular articular head contour, a shallow
mandibular fossa and an increased and non-uniform joint space
(arrow).
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prominent bony projection located at the rostrodorsal aspect at
the lateral region of the mandibular fossa (Figure 9).

No statistically significant difference was observed between
the measurements of the right and left TMJs for either observer
for the three proposed variables (width, depth and degree of
coverage of the mandibular fossa over the articular head).
When comparing the observers by means of the paired #-test,
no statistically significant difference was observed for the
degree of coverage of the mandibular fossa over the articular
head. Tables 1 and 2 display the minimum, maximum, mean,
and p-values for the right and left TMJ width and depth for
each observer. Table 3 displays the minimum, maximum,
mean, and p-values between both observers for the degree of
coverage of the mandibular fossa over the articular head.

The overall mean for the width and depth of the mandibular
fossa were 6.1 and 2.0 millimeters, respectively, and the mean
for the degree of coverage of the mandibular fossa over the
articular head at the medial aspect of the joint was 171°.
Based on the width, depth, and degree of coverage of the man-
dibular fossa overall mean values, the medial region of the
TMIJs in this study showed congruent articular surfaces with
concaved mandibular fossa, well-developed retroarticular pro-
cesses and rounded articular head surfaces (Figure 10).

Figure 9. CBCT multiplanar rendering of the TM]J region in a
mesocephalic adult cat. (A) Parasagittal reconstruction of the medial
aspect of the TM] showing a concave mandibular fossa with a
prominent retroarticular process (rp) located at its ventrocaudal
aspect. The articular eminence (ae) is poorly developed at the medial
aspect of the joint. The articular head appears as a well-defined
rounded bony structure (*). (B) Parasagittal reconstruction of the
lateral aspect of the joint. In this region, the articular eminence
located at the rostrodorsal aspect of the articular head of the
condylar process (¥) was more prominent. Lines displayed on the
transversal reconstructions on Al and Bl show where the parasagittal
reconstructions were performed on A and B, respectively.

Discussion

The morphometric assessment in this study was consistent
with previous studies, which assessed the dentoalveolar and max-
illofacial structures in the dog and the cat.”'”'® The CBCT multi-
planar reformation (MPR) allowed identification, without
superimposition of other structures of the calvarium, of the pro-
posed anatomic landmarks and articular surfaces. Parasagittal
MPR showed the TMJ as a condylar joint, comprised of two
articular surfaces: ‘the articular head of the condylar process of
the ramus of the mandible’ and a reciprocal depression ‘the man-
dibular fossa of the petrous part of the temporal bone’."*!%2°
As previously described in the dog,*'* the articular surface of
the condylar process at the medial aspect of the joint in 96.6% of
specimens was observed as a well-defined circumscribed bony
structure cupped medially and ventrocaudally by the retroarticu-
lar process of the mandibular fossa. At the medial aspect of the
joint, the articular head was more prominent, presenting its
maximum diameter, and the maximum articular relationship
with the mandibular fossa, which corresponded to a concaved
articular surface which also presented its deepest area at the
medial region of the joint, as reported previously in an anatomic
study.* Two TMIJs were less congruent than the rest of the other

Table I. Maximum and Minimum Values in Millimeters with Their
Respective Means in Parenthesis for Observer |. P-Values > 0.05
Shows no Differences Between the Right and Left TMJs for the Three
Variables Assessed by Observer | (Width and Depth of the Mandibular
Fossa, and Degree of Coverage of the Mandibular Fossa Over the
Articular Head).

Observer |
Right TMJ Left TMJ p-value
MFW 4.6-6.9 (5.8) mm 4.3-7.4 (5.9) mm 0.68
MFD 1.5-2.6 (2.0) mm 1.5-2.8 (2.1) mm 0.071
DCMF 129°-200° (173°) 137°-203° (173°) 0.764

Abbreviations: MFW = mandibular fossa width; MFD = mandibular fossa depth;
DCMF = degree of coverage of the mandibular fossa over the articular head;
mm = millimeters.

Table 2. Maximum and Minimum Values in Millimeters with Their
Respective Means in Parenthesis for Observer 2. P-Values > 0.05
Shows no Differences Between the Right and Left TMJs for the Three
Variables Assessed by Observer 2 (Width and Depth of the Mandibular
fossa, and Degree of Coverage of the Mandibular fossa Over the
Articular Head).

Observer 2
Right TMJ Left TM) p-value
MFW 5.4-7.5 (6.4) mm 4.8-8.0 (6.3) mm 0.41
MFD 0.9-2.7 (1.9) mm 0.9-3.0 (1.9) mm 0.649
DCMF 136°-193° (169°) 132°-203° (169°) 0.865

Abbreviations: MFW = mandibular fossa width; MFD = mandibular fossa depth;
DCMF = degree of coverage of the mandibular fossa over the articular head;

mm = millimeters.
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Table 3. Degree of Coverage of the Mandibular fossa Over the
Articular Head - Maximum and Minimum Values with Their Respective
Means in Parenthesis for Both Observers. P-Value > 0.05 Shows no
Difference Between Observers.

Observer | Observer 2 p-value

DCMF 129°-203° (173°) 132°-203° (169°) 0.169

Abbreviation: DCMF = degree of coverage of the mandibular fossa over the
articular head.

Figure 10. Parasagittal plane illustration of the anatomic
conformation of the medial region of the TMJs of the cats used in the
current study. The anatomic conformation was consistent in most of
the cast in this study (96.6%), with a concave mandibular fossa (mf)
having a prominent retroarticular process (rp), and well-defined
rounded articular head surface of the condylar process (¥).

TMIJs in this study, and they were from the same cat. This finding
could be related to real anatomic alteration of the joint, or it could
be associated with postmortem contraction of soft tissue.
Consistent with previous studies, the mandibular fossa con-
sisted of a concave articular surface, which is mainly enlarged at
its caudomedial region by the retroarticular process, and to a
lesser degree by the rostrodorsal articular eminence at its
lateral aspect.'**?° Both the articular eminence and the retroar-
ticular process prevent the rostrodorsal or caudoventral disloca-
tion of the joint, respectively, by increasing approximation
between the articular head and the mandibular fossa.**'**
The retroarticular process and the articular eminence of the
mandibular fossa were easily identified on the CBCT images
in this study. Agreeing with previous reports, these bony exten-
sions enhance the articular relationship between the mandibular
fossa and the articular head.**' The concave format of the man-
dibular fossa and the well-rounded shape of the articular head of
the condylar process at the medial region of the joint were asso-
ciated with high levels of articular relationship, with an overall
mean value of 171°. Degree of coverage of the mandibular

fossa near 180° would demonstrate that the estimated axis of
rotation of the articular head would be at the same level as
the line used for measuring the depth; specifically, almost
half of the articular surface of the condylar process may be sit-
uated on the mandibular fossa at its deeper region. In a similar
study performed in dogs, an angle of 96.5° was associated with
shallow mandibular fossae, small or absent retroarticular
process and irregular articular head joint surface.'*

The articular relationship displayed between the articular
surfaces of the medial region of TMJ reported in this study,
along with the supporting TMJ soft tissue structures described
in a previous report, may be associated with the masticatory
biomechanics in the cat, in which the ability to perform rota-
tional or lateral movements is limited or absent.**"* As a
strict carnivore, the TMJ congruence in the cat and the transver-
sal disposition of the articular head into the mandibular fossa
result in restricted movements of the mandibles in the sagittal
plane, which allows cutting of food into small pieces before
swallowing. Thus, the congruence of the TMJ may avoid
dislocation of the condylar process from the mandibular fossa
during the grasping of prey, as observed in other predatory
felids 4212326

Concurring with previous literature, CBCT did not allow the
evaluation of the articular or periarticular soft tissue structures
such as the articular disk, articular capsule, or periarticular
muscles.'®?” When compared to conventional CT scanners,
the current CBCT machines display noticeably less soft-tissue
contrast, with this disadvantage being attributed to the CBCT
geometry, low radiation dose, flat-panel technology and algo-
rithms used for image reconstruction.'®''?” The joint space
was observed during the pilot study as a homogeneous hypoat-
tenuating linear image between the articular head and the man-
dibular fossa on the tomographic images. Widening of joint
spaces, presence of abnormal periarticular or articular bony pro-
jections such as enthesophytes and osteophytes, or presence of
cystic lesions at the subchondral bone as well as the morphol-
ogy and articular relationship between the joint surfaces must
be included in further studies to rule out the presence of TMJ
disorders."?

Contrary to the results of a similar study performed in dogs,
where three TMJ anatomic conformations were described,14
only one anatomic conformation for the articular surfaces of
the articular head and mandibular fossa was observed at the
medial aspect of the TMJ in most of the specimens. This
finding may be related to the fact that only heads from mesoce-
phalic adult cats with no history of TMJ disorders were evalu-
ated. Inclusion of a different skull conformation (eg
brachycephalic) or inclusion of other ages (eg kitten) may
show more distinct TMJ morphologies.

The results of this study describe the shape of the articular
surfaces of the joint and its articular relationship at the medial
aspect of the TMJ. Overall, these findings are in accordance
with findings reported in the dog, where tomographic images
allowed for morphologic assessment of the articular surfaces.'*
Even though this study did not aim to compare CBCT with
other diagnostic imaging techniques, such as conventional
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CT, the CBCT imaging technique did demonstrate to be a suit-
able diagnostic technique for assessment of the bony structures
of the TMJ in the cat.’

The morphometric and morphologic assessment described in
this study provided the basis for a more detailed and objective
anatomical description of the TMJ in the cat. The primary intent
of the intraobserver assessment of the three variables was to
establish if the articular surfaces at the medial aspect of both
right and left TMJs were symmetrical, and since there was no
statistically significant difference for the intraobserver assess-
ment, this hypothesis was confirmed.

The degree of coverage of the mandibular fossa over the
articular head of the condylar process was a reliable and consis-
tent measurement for evaluating the relationship between the
articular surfaces at the medial region of the joint. This mea-
surement was easily obtained, with no difficulties reported by
the observers in the identification of landmarks or in performing
the measurements.

Even though no statistical differences were observed for the
degree of coverage during the intra and interobserver evalua-
tion, further research will be necessary using the degree of cov-
erage through the middle and lateral regions of the joint to
establish reliability in these areas. New clinical studies must
be conducted, including patients with temporomandibular dis-
orders or different skull conformation, since the present study
used heads from mesocephalic cats with no gross anatomic
alterations of the temporomandibular joint.

One limitation of this study was the determination of the
articular relationship of a 3-dimensional structure using
2-dimensional images. A more accurate assessment of the
joint surfaces would include a 3-dimensional evaluation of
the articular surfaces and the joint space using specialized
imaging software, as performed in humans.'? Although a
3-dimensional assessment was not performed, the measure-
ments proposed in the present study may serve as a reference
for the initial assessment in a clinical setting as well as for
further studies of the TMJ in the cat.

In conclusion, the proposed measurements at the medial
region of the TMJ demonstrated a concave mandibular fossa
with a prominent retroarticular process and a poorly developed
articular eminence; a well-defined rounded articular head
surface; and a high degree of coverage (171°) of the mandibular
fossa over the articular head. The results indicated that the artic-
ular surfaces at the medial aspect of the TMJ displayed constant
geometric similarity, with the articular head of the condylar
process deeply seated in the mandibular fossa.
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Boston, USA

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support for
the research, authorship, and/or publication of this article: This work
was supported by the Fundagdo de Amparo a Pesquisa do Estado de
Sdo Paulo.

ORCID iD

Lenin A. Villamizar-Martinez DVM, MS, PhD, DAVDC,
orcid.org/0000-0002-3604-6807

https:/

References

1. Miller M, Christensen G, Evans H. Arthrology. In: Anatomy of the
Dog. W.B. Saunders Company; 1964:96-99.

2. Evans HE. Arthrology. In: Evans HE, ed. Miller’s Anatomy of the
Dog, 3 ed. W.B. Saunders Company; 1993:222-223.

3. Kawamura Y, Kato I, Miyoshi K. Functional anatomy of the
lateral pterygoid muscle in the «cat. J Dent
1968;47(6):1142-1148.

4. Arredondo J, Agut A, Rodriguez MJ, Sarrid R, Latorre R.
Anatomy of the temporomandibular joint in the cat: a study by
microdissection, cryosection and vascular injection. J Feline
Med Surg. 2013;15(2):111-116.

5. Schwarz T, Weller R, Dickie AM, Konar M, Sullivan M. Imaging
of the canine and feline temporomandibular joint: a review. Vet
Radiol Ultrasound. 2002;43(2):85-97.

6. Dickie AM, Schwarz T, Sullivan M. Temporomandibular joint

Vet Radiol

Res.

morphology in cavalier king charles spaniels.
Ultrasound. 2002;43(3):260-266.

7. Tidwell AS. Principles of computed tomography and magnetic
resonance imaging. In: Thrall DE, ed. Textbook of Veterinary
Diagnostic Radiology, 5th ed. Saunders Elsevier; 2007:50-56.

8. Roza MR, Silva LA, Januario AL, Barriviera M, Oliveira AC,
Fioravanti MC. Tomografia computadorizada de feixe conico na
odontologia veterinaria: descrigdo e padronizagdo da técnica.
Pesq. Vet. Bras. 2009;29(8):617-624.

9. Roza MR, Silva L, Januario A, Floravanti M, Barriviera M. Cone
beam computed tomography in the diagnosis of the temporoman-
dibular joint alterations in cats. J Feline Med Surg.

2011;13(6):393-398.

10. Van Thielen B, Siguenza F, Hassan B. Cone beam computed
tomography in veterinary dentistry. J Vet Dent. 2012;29(1):27-34.

11. Coscarelli CT, Oliva A, Cavalcanti MG. Implantologia. In:
Calvancanti M, ed. Diagndstico por imagem da face. Editora
Livraria Santos; 2008:154-161.

12. TkedaR, Oberoi S, Wiley DF, et al. Novel 3-dimesional analysis to
evaluate temporomandibular joint space and shape. Am J Orthod
Dentofacial Orthop. 2016;149(3):416-428.

13. Arzi B, Cissell D, Verstracte FIM, Kass PH, Duraine GD,
Athanasiou KA. Computed tomographic findings in dogs and


https://orcid.org/0000-0002-3604-6807
https://orcid.org/0000-0002-3604-6807
https://orcid.org/0000-0002-3604-6807

Villamizar-Martinez et al

14.

15.

16.

17.

18.

19.

cats with temporomandibular joint disorders: 58 cases
(2006-2011). J Am Vet Med Assoc. 2013;242(1):69-75.
Villamizar LA , Villegas CM, Gioso MA, Reiter AM, Patricio G,
Pinto AC. Morphologic and morphometric description of the tempo-
romandibular joint in the domestic dog using computed tomography.
J Vet Dent. 2016;32(2):75-82. doi:10.1177/0898756416660008.
Conconi M, Castelli VP. A sound and efficient measure of joint
congruence. Proc Inst Mech Eng H. 2014;228(9):935-941.
Bar-Am Y, Pollard RE, Kass PH, Verstracte FJ. The diagnostic
yield of conventional radiographs and computed tomography in
dogs and cats with maxillofacial trauma. Ver Surg. 2008;37(3):
294-299.

Heney CM, Arzi B, Kass PH, Hatcher DC, Verstracte FIJ.
Diagnostic yield of dental radiography and cone-beam computed
tomography for the identification of anatomic structures in cats.
Front Vet Sci. 2019;6(58):1-10.

Doring S, Arzi B, Barich CR, Hatcher DC, Kass PH, Verstraete
FJ. Evaluation of the diagnostic yield of dental radiography and
cone-beam computed tomography for the identification of ana-
tomic landmarks in small to medium-sized brachycephalic dogs.
Am J Vet Res. 2018;79(1):54-61. doi:10.2460/ajvr.79.1.54
International Committee on Veterinary Gross Anatomical
Nomenclature. Osteologia. In: Nomina Anatomica veterinaria.
6th ed. World Association of Veterinary Anatomists

20.

21.

22.

23.

24.

25.

26.

27.

(WAVA);2017:13-17. Available at: http:/www.wava-amav.
org/. Accessed December 19, 2019.

Schaller O. Osteologia. In: Schaller O, ed. lllustrated veterinary
anatomical nomenclature, 2nd ed. Enke Verlag; 2007:38-39.
Gemmill T. Conditions of the temporomandibular joint in dogs
and cats. In Pract. 2008;30(1):36-43.

Scapino RP. The third joint of the canine jaw. J Morphol.
1965;116(1):23-50.

Knospe C , Roos H. Zur articulatio temporomandibularis
der hauskatze (Felis silvestris catus). Anat Histol Embryol.
1994;23(2):148-153.

Reiter AM. Symphysiotomy, symphysioectomy, and intermandib-
ular arthrodesis in a cat with open mouth jaw locking - case report
and literature review. J Vet Dent. 2004;21(3):147-158.
Vollmerhaus B, Roos H. The transverse movement of the tempo-
romandibular joint (translation movement) of the dog, also with
reference to dysplasia of this joint in the dachshund. Anat Histol
Embryol. 1996;25(3):145-149.

Vollmerhaus B, Roos H, Quecke A. Biological role of movement
in the temporomandibular joint in sheepdogs and house cats.
Tierarztl Prax. 1996;24(1):73-78.

Jacobson MW. Technology and principles of cone beam com-
puted tomography. In: Sarment D, ed. Cone Beam Computed
Tomography. John Wiley & Sons, Inc; 2014:3-23.


http://dx.doi.org/10.1177/0898756416660008
http://dx.doi.org/10.1177/0898756416660008
http://dx.doi.org/10.2460/ajvr.79.1.54
http://dx.doi.org/10.2460/ajvr.79.1.54
http://www.wava-amav.org/
http://www.wava-amav.org/
http://www.wava-amav.org/
http://www.wava-amav.org/

	 Introduction
	 Materials and Methods
	 Pilot Study
	 Main Study

	 Results
	 Discussion
	 Materials
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


