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Collagen-Induced Temporomandibular Joint Arthritis
Juvenile Rat Animal Model

Jacqueline Crossman, MSc,1 Hollis Lai, PhD,1 Marianna Kulka, PhD,2 Nadr Jomha, MD, PhD,3
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Juvenile idiopathic arthritis can affect the temporomandibular joint (TMJ) can cause growth disturbances of the
lower jaw (mandible). The collagen-induced arthritis (CIA) juvenile rat model may be an appropriate model for
studying how juvenile arthritis affects this joint during growth. However, studies using this animal model to
investigate TMJ arthritis are limited. To validate an animal model for studying TMJ arthritis in growing rats,
our study aimed to investigate the changes in mandibular growth and expression of proteins and cytokines in the
mandibular condyle of CIA juvenile rat TMJs. A total of 27 male Wistar rats (3 weeks old) were scanned with
microcomputed tomography (MicroCT) and divided into three groups (n = 9); CIA was induced in each TMJ in
the CIA group, the Saline group received saline injections (sham injections) into their TMJs, and the Healthy
group remained untreated (no TMJ injections) as negative controls. After 4 weeks, our results show that
mandibular growth was significantly reduced in the CIA group compared with the Saline group ( p < 0.01).
There was no difference in mandibular growth between the two control groups (Saline and Healthy). Inflamed
synovial tissue, cartilage invaginations, and lipid accumulation were observed in the CIA TMJs. Toluidine blue
staining revealed decreased proteoglycan production in the CIA cartilage. In addition, immunohistochemistry
revealed that type II collagen expression decreased, interleukin-1b expression increased, and matrix
metalloproteinase-13 expression increased in the CIA TMJs in comparison with the two control groups (Saline
and Healthy). Immunostaining of tumor necrosis factor-a (TNF-a) was quantified and we showed that TNF-a
expression was significantly greater in the CIA cartilage compared with both control groups ( p < 0.05), and
there was no difference in TNF-a expression between the Saline and Healthy groups. This CIA juvenile rat
model of TMJ juvenile arthritis shows that CIA reduced mandibular growth and induced degenerative changes
in TMJ condylar cartilage. This new information will help to understand the pathogenesis involved in CIA in
juvenile rat TMJs for this animal model to be used in research investigating new therapeutics to treat TMJ
juvenile arthritis.
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Impact Statement

In this study, the effects of collagen-induced arthritis (CIA) on the temporomandibular joint (TMJ) using a juvenile rat
model were investigated. Our results showed that local injection of CIA in the TMJ significantly reduced mandibular growth
and caused degenerative changes in condylar cartilage. This information helps to validate this animal model for studying the
effect of arthritis in TMJs in growing rats. This model has the potential to be used in future studies to evaluate possible
therapies for TMJ arthritis.
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Introduction

Juvenile idiopathic arthritis ( JIA) is a chronic in-
flammatory disease that is similar to rheumatoid arthritis

(RA), but affects the growing population. The temporoman-
dibular joint (TMJ) can be affected by JIA. It has been re-
ported that up to 87% of JIA patients have involvement of the
TMJ.1 This is a significant developmental problem since
TMJ-JIA severely affects mandibular growth and structure
due to joint synovitis, pannus, condylar head flattening, bone
erosion, and damage to articular cartilage.1 The majority of
mandibular growth occurs at the mandibular condyle, and
growth in length of the condyle is due to cellular changes
(proliferation, matrix production, and hypertrophy) within the
articular cartilage.2 It is necessary to examine the cellular and
biochemical progression of TMJ-JIA and identify potential
treatments to block inflammation. If TMJ-JIA is left un-
treated, chronic inflammation can cause irreversible damage
to the TMJ, resulting in malocclusion, micrognathia, retro-
gnathia, and overjet that may require surgical correction.3

Animal models are extensively used in the study of the
pathogenesis of human diseases and to evaluate the potential
efficacy of drugs for clinical use. For these animal models to
be clinically relevant, they must be morphologically similar
to human tissue and they must be able to predict the efficacy
of therapeutic interventions in humans. Many animal models
are available to examine the etiology of human RA, where
some of these models have been used by the pharmaceutical
industry to test the clinical efficacy of antiarthritic agents.4

RA animal models are usually easy to perform, data gen-
erated from studying these models are reproducible, and
most models are short in duration.4

The most common rodent models of arthritis are based on
spontaneous development of the disease or require some
form of induction such as an injection. These induced
models of arthritis include rat and mouse type II collagen
(Col-II) arthritis, antigen arthritis, and adjuvant arthritis,
each representing different degrees of bone resorption and
cartilage damage, which are characteristic of RA seen in
humans. Adjuvant-induced arthritis in rats results in joint
inflammation and bone destruction, but the incidence of ar-
thritis and cartilage damage may vary and therefore may not
be the ideal animal model to study RA-like cartilage dam-
age.4–6 Antigen arthritis results in rapid development of le-
sions, but may require repeated injections of the antigen
involved.6 If this type of arthritis progresses past 2 weeks, a
highly destructive pannus within the inflamed joint may de-
stroy most of the articular cartilage.4 Finally, lesions observed
in Col-II arthritis in rats are more analogous to those seen in
human RA, but there is less published data on the patho-
logical changes seen in this type of induced arthritis than in
other models to compare this disease with human RA.4

Studying the pathogenesis of TMJ arthritis in a juvenile
animal model would increase our understanding of the effect
of this inflammatory disease on this joint during growth and
would aid in development of potentially new and more ef-
fective treatments for TMJ-JIA. Since the type II collagen-
induced arthritis rat model is considered to be the most
analogous to RA (and JIA), using this induced system in the
study of juvenile rat TMJs is likely to generate the most
relevant data. Collagen-induced arthritis (CIA) is a previ-
ously studied juvenile rat model to study TMJ arthritis.7

This model resulted in an increased RANKL:OPG expres-
sion ratio, which indicates differentiation of osteoclasts, the
bone-resorbing cells that cause bone damage. Additionally,
serum levels of the proinflammatory cytokines, interleukin
(IL)-1b and tumor necrosis factor-a (TNF-a), were in-
creased in this animal model, and histological analyses
showed evidence of synovitis and cartilage and bone de-
struction.7 Currently, it is not known whether the CIA in-
jection in the TMJ of growing rats has an effect on
expression of Col-II and matrix metalloproteinase (MMP)-
13 in the articular cartilage, localized expression of IL-1b
and TNF-a in the TMJ, and on mandibular growth (man-
dibular length). In this study, we examined these parameters
in the juvenile rat model of CIA to determine whether it is a
suitable model of TMJ arthritis in humans. We hypothesized
that the expression of MMP-13, IL-1b, and TNF-a would be
increased in the TMJ condyles in the CIA group, expression
of Col-II would be decreased in the CIA group, and man-
dibular growth would be decreased in CIA. The data may
lead to future studies using this model to study new thera-
pies to treat TMJ arthritis in JIA patients.

Methods

Collagen-induced arthritis

Our research was approved by the animal ethics com-
mittee at the University of Alberta [AUP00002169]. The
sample size was calculated to be n = 5 (5% type I error, 80%
power, 1.77 effect size), but to account for any potential
mortality before the planned endpoint of the study and
nondevelopment of CIA in the TMJ, we used n = 9. We
acclimatized 27 male Wistar IGS rats (3 weeks old) (Strain
Code 003; Charles River Laboratories) and divided them
into three equal groups (n = 9; CIA, Saline, and Healthy).
The rats were allocated to each group by randomly assigning
each cage to a group. Each cage contained 2 rats, therefore
cages 1–4 contained 8 rats in the CIA group, cage 5 had 1 rat
(tail marking) in the CIA group and 1 rat (no tail marking) in
the Saline group, cages 6–9 contained 8 rats in the Saline
group, and cages 10–14 had 9 rats in the Healthy group
(cage 14 had only 1 rat). We scanned each rat under anes-
thesia using in vivo microcomputed tomography (MicroCT)
(MILabs, 0.19 mA tube current, 55 kV tube voltage, 960
steps, 0.3�/s, 75 ms exposure time, 40 mm reconstruction
resolution) before the intervention. For the CIA group,
100 mg of bovine Col-II (Chondrex, Inc.) dissolved in 0.09%
sterile saline and an equal volume of complete Freund’s
adjuvant (Sigma-Aldrich) (contains heat-killed Myco-
bacterium tuberculosis), totaling 100 mL in volume, were
injected into the upper compartment area of the TMJs (both
right and left) according to the previously published proto-
col.7,8 The sham injection group (Saline group) received
only saline (0.09%) TMJ injections and the Healthy group
did not receive any TMJ injections.

Experiment

Experimental design

Body weight and head width. After we performed the
TMJ injections, as outlined in the Methods section, we
measured body weight using a digital weight scale and head
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width using manual calipers. We measured these immedi-
ately before the initial MicroCT scan, immediately before
the TMJ injections, and on days 1, 2, 3, 7, 8, 13, 15, and 24
after the TMJ injections. Four weeks after the TMJ injec-
tions (peak inflammatory cytokines described by Liu et al.),
the rats were euthanized, and the rats underwent a second
MicroCT scan.

MicroCT analysis. MicroCT analysis (ImageJ, NIH) was
used to measure the mandibular length of each hemimandi-
ble (three-dimensional [3D] reconstructions) (Fig. 1A, B)
of each rat at baseline and after 4 weeks. From these mea-
surements, mandibular growth was calculated as the dif-
ference in values between baseline and after 4 weeks.
Additionally, we qualitatively analyzed the 3D reconstruc-
tion of segmented mandibular condyles to observe any bony
changes (Fig. 1C).

Histology and immunohistochemistry. Histological
samples of H&E-stained slides were used to qualitatively
analyze the TMJ, including condylar cartilage, subchondral
bone, and synovial tissue. TMJs were also stained with to-
luidine blue (TB) to determine any proteoglycan changes in
the cartilage matrix. Immunohistochemistry was performed
to detect Col-II (Abcam, Cambridge, MA), MMP-13 (Ab-
cam), IL-1b (Santa Cruz Biotechnology, Dallas, TX), and
TNF-a (Santa Cruz). In brief, after fixation, decalcification,
and sectioning [sagittal plane (Fig. 2A), 7-mm thickness],
antigen retrieval (protease XXV, 1 mg/mL, Fisher Scientific,
30 min at room temperature; hyaluronidase, 1 mg/mL,
Sigma-Aldrich, 30 min at 37�C/98.6�F) was performed. We
completed peroxidase blocking (3% hydrogen peroxide,
10 min) and protein blocking (5% normal goat serum in 1X
phosphate-buffered saline [PBS] with 0.3% Tween-20,
10 min) and then applied the primary antibodies for over-
night incubation at 4�C/39.2�F (Col-II—1:1500; MMP-13—

1:1500; IL-1b—1:50; and TNF-a—1:10,000). Secondary
antibodies were applied the next day for 15 min (for Col-II
and MMP-13 samples: IgG H + L HRP, 1:2000, Abcam; and
for IL-1b and TNF-a samples: IgG-HRP conjugated, 1:200,
Santa Cruz Biotechnology). Finally, 3,3¢-diaminobenzidine
chromogen and substrate were applied for 10 min, followed by
Mayer’s hematoxylin counterstaining. For negative controls,
the primary antibody was omitted and only tris-buffered saline
(diluent in primary antibody solutions) was applied to tissues.

Quantitative analysis of TNF-a expression in each sample
was performed by counting the total number of TNF-a-
positive cells in an 80 · 40 mm area. In total, three fields of
view were chosen: one at the central axis, one halfway be-
tween the anterior edge of the condyle and the central axis,
and one halfway between the posterior edge and the central
axis. These three areas were placed at these locations so that
each area’s upper edge was parallel to the condylar surface
and contained only mature chondrocytes located within the
chondrogenic cell layer. The total number of cells (only
entire cells that were contained in the selected area) within
these areas and the total number of immunopositive cells
were counted. A cell was counted as immunopositive if the
intensity of staining was observed to be greater than the
background staining of nearby cells. The total im-
munopositive cell count was divided by the total number of
cells within each area to determine the percentage of cells
positive for TNF-a, and the percentage was averaged for
each group.9 Calculating the percentage of cells—within the
selected area—that were positive for TNF-a was chosen
instead of simply counting the number of positive cells
because cell size may vary between samples.

Each cartilage cell layer (fibrocartilage, proliferative cell
layer, chondrogenic [mature] cell layer, and hypertrophic
cell layer) was measured. To perform these measurements,
the central axis of the condyle was located, and three
equidistant length measurements of each cell layer were

FIG. 1. (A) 3D Reco-
nstruction. Representative
hemimandibles from each
group (CIA, Saline, and
Healthy). (B) Mandibular
length. Illustration showing
mandibular length; a—con-
dylar point, b—menton
point. Average mandibular
growth (mm) in each
group. **p < 0.01. (C) TMJ
condyles. Representative
bony changes between TMJ
condyles (only condyle
shown) in each group. 3D,
three-dimensional; CIA,
collagen-induced arthritis;
TMJ, temporomandibular
joint.
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completed (Fig. 3A). These were performed perpendicular
to the condylar surface on both the anterior and posterior
sides of the central axis. One measurement at the central
axis was performed. Each condyle, therefore, had seven
measurements that were averaged to obtain a mean thick-
ness for each cell layer of each condyle.

Statistical analyses

All statistical analyses were conducted using SPSS 16.
Significant differences were tested using an analysis of
variance (ANOVA) with an alpha of 0.05. Post hoc analysis
was conducted using the Tukey test.

Experimental results

Body weight and head width. Although the rats were
randomized into three groups, the rats in the CIA group
weighed more than those in the Healthy group before MicroCT
scanning and after MicroCT scanning (Fig. 4A and Table 1).
However, all rats had similar increases in body weight
throughout the study (Fig. 4A). The rat head width in the CIA
group was significantly greater than the head widths in both the
Saline and Healthy groups on day 1 postinjection as well as on
day 2 postinjection (Fig. 4B and Table 1). The head widths
returned to normal at day 3, as shown in Figure 4B.

MicroCT analysis. Observation only of bony changes of
the mandibular condyle suggests that CIA induction in
growing rat TMJs may result in more condylar erosion on
the articular surfaces (Fig. 2). These changes were only
described and were not measured; therefore, no statistical
analysis could be performed. MicroCT analysis revealed
that there was a significant decrease in mandibular growth in
the CIA group [F(2, 51) = 5.120, p = 0.009, Fig. 1B].

Histology and immunohistochemistry. Figure 2B shows
representative photomicrographs of the TMJ (including ar-
ticulating cartilage) in each group. Inflamed synovial tissue,

invaginations in the cartilage toward the subchondral bone,
and lipid accumulation and blood vessel development in
synovial tissue were qualitatively observed. TB staining was
generally greater in the Saline and Healthy cartilage com-
pared with the CIA cartilage (Fig. 5A).

Immunostaining of Col-II showed that the expression of
Col-II was mainly in the chondrogenic (mature chon-
drocytes) and hypertrophic cell layers in the cartilage. Col-II
expression was decreased in the CIA cartilage. These pho-
tomicrographs also demonstrate generally less uniformity
and organizational patterns within each cell layer within the
cartilage (Fig. 5A). The distribution of MMP-13 staining
revealed that in addition to MMP-13 expression in hyper-
trophic cells undergoing endochondral ossification, there
was greater expression of MMP-13 in chondrogenic and
(pre-) hypertrophic cells in the CIA group compared with
the expression of MMP-13 in the other groups. IL-1b ex-
pression was higher in the chondrogenic and hypertrophic
cartilage compared with the other two control groups. There
were significantly more TNF-a-positive chondrocytes in
CIA tissues compared with the other groups [F(2, 24) = 4.382,
p = 0.024, Fig. 5B].

The thickness of each cartilage cell layer was measured
and showed that the hypertrophic cell layer was significantly
thicker in the CIA group compared with the Saline group
(Fig. 3B).

Discussion

Our study using the juvenile rat model for CIA in the TMJ
demonstrated the inflammatory effects that this type of in-
duced arthritis has on protein expression within the condylar
cartilage. The inflammatory responses that are induced in
this method of CIA are both T helper (Th) 1 and Th17
responses, which are elucidated by antigen-presenting cells
presenting antigens to T cells. B and T cell responses lead to
antibody production,6 autoreaction to Col-II,10 and produc-
tion of proinflammatory cytokines such as IL-1b.6 These
cytokines further induce responses in other cells, including

FIG. 2. (A) Schematic il-
lustration showing direction
of histological sectioning
(sagittal plane). (B) Re-
presentative H&E-stained
TMJs from CIA, Saline, and
Healthy groups. Articular
cartilage and synovial tissue.
White scale bar = 200mm and
black scale bar = 100 mm.
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chondrocytes. Upregulation of IL-1b has also been dem-
onstrated in cartilage harvested from knee or hip joints in
patients with osteoarthritis.11 Increased expression of IL-1b
in cartilage has downstream effects on chondrocytes. An-
other group investigated the relationship between IL-1b and
transforming growth factor (TGF) b in cartilage in arthritic
TMJs in mice. They report that IL-1b downregulated the
expression of TGFb.12 TGFb (specifically, TGF-b1) is one
factor that regulates mandibular growth by reducing the rate
of hypertrophy in chondrocytes.13 If IL-1b is upregulated, as
demonstrated in our study, then this may have down-
regulated TGFb (not analyzed in our study), which may
have resulted in a decrease in mandibular growth. Man-

dibular growth results from proliferation of progenitor
cells, production of cartilaginous matrix (such as proteo-
glycans), and hypertrophy of chondrocytes in the man-
dibular condylar cartilage. The hypertrophic cells express
Col-X and Col-II. Since the immune response induced by
CIA consists of autoreactive T cells to Col-II, it would be
expected that the expression of Col-II would be down-
regulated in CIA chondrocytes in the TMJ. Additionally,
proinflammatory cytokines, such as IL-1b, induce proteo-
glycan degradation and production of collagenases, such as
MMP-13, which degrades Col-II.14 MMP-13 is the most
prominent MMP involved in osteoarthritis and other types
of arthritis such as RA.15–17

FIG. 3. (A) Illustration representing the seven condylar cartilage measurements performed for each cartilage cell layer of
the mandibular condyle. (B) TMJ condylar cartilage cell layer thicknesses (mm) (fibrocartilage, proliferative, chondrogenic,
and hypertrophic cell layers) for CIA, Saline, and Healthy groups. ***p < 0.005.
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TNF-a is a key proinflammatory cytokine and central
mediator of pathophysiological changes in arthritis. In the
TMJ, TNF-a is synthesized by chondrocytes, osteoblasts,
cells in the synovial membrane, and mononuclear cells that
reside either in the joint or that infiltrate into the joint during
an inflammatory response. This leads to an increase in TNF-a
concentration in the synovial fluid, synovial membrane,
cartilage, and subchondral bone layer. TNF-a binds mem-
brane receptors (mainly TNF-R1) expressed on chon-
drocytes, among other cells, and decreases their synthesis of
proteoglycan components and Col-II, but increases pro-
duction of MMP-13.18 The results of our study suggest that
this process could have been activated in the CIA tissues. In
human TMJ RA, TNF-a levels in synovial fluid are directly
correlated with the degree of TMJ condylar erosion, and this
suggests that TNF-a in TMJ synovial fluid mediates TMJ
cartilage and bone damage in RA.19

Invaginations in articular cartilage were observed in our
CIA cartilage and also in TMJ cartilage in an osteoarthritic
rabbit model in another study.20 The presence of such ob-
servations potentially demonstrates decreased cartilage in-
tegrity.20 Lipid bodies and blood vessels were noted in our
CIA synovial tissue and observed in the synovial tissue of
inflamed rat TMJs in another study using a different TMJ
arthritis rat model.21 Lipid body accumulation can occur
within inflammatory cells. It has been reported that M. tu-
berculosis induces foamy macrophages to compartmentalize
lipid bodies. Since our CIA injections contained M. tuber-
culosis in the complete Freund’s adjuvant, this likely induced
macrophages, as well as other inflammatory cells such as
leukocytes, to form lipid bodies. Additionally, lipid bodies
formed in activated leukocytes may also contain cytokines
such as TNF-a.22 Lipid body biogenesis has been observed in
leukocytes from joints of patients with arthritis.22

FIG. 4. Rat body weight and head widths. Average body weight (g) (A) and head widths (mm) (B) measured at each time
point before and after TMJ injections. *p < 0.05, **p < 0.01, ***p < 0.005.

Table 1. Mean, Standard Deviation, F-Values, and P-Values (Post Hoc) for Body Weight (g)

(Before and After MicroCT Scanning) and Head Width (mm) at Days 1 and 2 Postinjection

in Each Group (CIA, Saline, and Healthy)

Mean SD F-Value P-Value (post hoc)

Body weight (g)
Before MicroCT

CIA 88.68 5.90 F(2, 24) = 5.976 0.008a

Saline 82.10 6.09 NS
Healthy 79.89 4.74 0.008a

After MicroCT (before TMJ injections)
CIA 143.28 7.72 F(2, 24) = 4.296 0.024a

Saline 135.26 9.44 NS
Healthy 132.27 7.42 0.024a

Head width (mm)
Day 1 postinjection

CIA 32.18 2.18 F(2, 26) = 27.714 0.005a, 0.005b

Saline 27.73 1.13 0.005b

Healthy 27.38 0.96 0.005a

Day 2 postinjection
CIA 29.87 1.39 F(2, 24) = 17.200 0.005a, 0.005b

Saline 27.73 0.80 0.005b

Healthy 27.38 0.53 0.005a

aBetween CIA and Healthy groups.
bBetween CIA and Saline groups.
CIA, collagen-induced arthritis; MicroCT, microcomputed tomography; NS, not significant; SD, standard deviation; TMJ, temporoman-

dibular joint.
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Finally, an imbalance between anabolism and catabolism
causes cartilage degeneration due to an increase in proteases
degrading the matrix and a decrease in matrix synthesis.21

Interestingly, while MMP-13 is involved in cartilage deg-
radation, there were no significant decreases in chondro-
genic cell layer thickness and therefore little to no cartilage
degradation. Potentially, CIA may have an effect on pre-
mature chondrogenic hypertrophy since MMP-13 induces
hypertrophy in chondrocytes.23 However, the expression of
MMP-13 under normal and pathological conditions needs
further investigation. Another study analyzed the effect of a
complete Freund’s adjuvant (CFA) injection into the TMJs
of growing rats. Although they did not measure mandibular
length, they looked at changes in ramus height, among other
measures of bone growth and quality. They report that the
CFA injection into the TMJ resulted in a decrease in ramus
height after 4 weeks when compared with no TMJ injection.
Their study also did not observe any condylar resorption, but
rather an overall decrease in the size of the mandibles.24

This could potentially be due to the short-term inflammation
in this model and our model, and possibly more chronic
inflammation is needed to observe any surface resorption
and additional cartilage degradation. However, additional
research is needed to understand how CIA increases the
expression of MMP-13, resulting in an increase in chon-
drocyte hypertrophy, but a decrease in mandibular growth.

In this study, we included one experimental group and two
control groups. We did not expect to observe any differences
between our control groups, but we did anticipate significant
differences between our experimental group (CIA) and either
or both control groups. As mentioned above, there were no
differences in mandibular growth between the Saline group
and Healthy group. This was expected because saline alone
would not increase or decrease mandibular growth. Histolo-
gically, the CIA group showed evidence of an inflammatory
response in the synovium, as well as multiple invaginations of
the cartilage into the subchondral bone of the condyle, po-
tentially demonstrating decreased integrity of the CIA carti-
lage. In addition, we observed increased hypertrophy of
chondrocytes in the CIA group, and this was statistically
significantly greater than that in the Saline control group. We
did not observe much difference between the condylar car-
tilage in the Saline group and the Healthy group, which is
expected. Immunohistochemically, we also observed differ-
ences between the CIA group and the two control groups, but
there was not much difference to be demonstrated between
the control groups.

The use of two control groups in this study was important
to determine any differences between these two types of
control groups and to establish which group can be consid-
ered optimal for future studies with the CIA animal model.
The Healthy group was maintained as a clean control group
with no intervention (injection). The Saline group was our
sham injection group and, as mentioned, only received saline
injections. We included these two control groups to determine
if there were any significant differences between a control
group receiving no interventions and a control group re-
ceiving an injection of only the vehicle (saline) since the CIA
group received TMJ injections of an emulsion of CFA and
Col-II (which was dissolved in 0.09% saline). Our study
demonstrates that there were no statistically significant dif-
ferences between our control groups. However, we do rec-

ommend using a sham injection group (vehicle only) as a
control group for studying TMJ CIA to account for any po-
tential effect of slight tissue damage from the needle and
introduction of a foreign substance (sterile saline).

Limitations

This study was constrained by some limitations that are
important to highlight and discuss. Mandibular growth was
considered to be only a one-way linear measurement of
mandibular length when, in reality, the mandible does grow
in all directions. However, the majority of such growth is
due to increases in mandibular length, so we only included
this measurement in this study. In addition, since it was
anticipated that induced inflammation in the TMJ would
likely only affect the condyle and therefore mandibular
length, we did not consider other measures of growth, such
as changes in mandibular ramus length/height and man-
dibular plane. Additionally, this study’s analyses were
completed by a single observer, therefore it is important to
keep subjectivity in mind while determining the strength of
such evidence in this study and other published studies.

Conclusion

In conclusion, our study has investigated part of the
pathogenesis involved with CIA in juvenile rat TMJs. The
CIA juvenile rat had significantly less growth of the lower
jaw, increased proinflammatory cytokine expression in TMJ
condylar cartilage, degenerative changes in cartilage, and
evidence of TMJ inflammation. This animal model has the
potential to be used in future studies investigating thera-
peutic effects of a drug/treatment on TMJ cartilage degen-
eration, TMJ inflammation, or mandibular growth
disturbances. Understanding how a therapy may affect
production of proinflammatory cytokines, individual carti-
lage components, or cartilage cell proliferation/mainte-
nance/hypertrophy may provide new information. This new
information could potentially be used for developing studies
for either preventing damage or developmental disturbances
of the lower jaw caused by TMJ arthritis or for treating
inflammation in the TMJ or stimulating any lower jaw
growth.
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