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Fig. 3. Cartilage matrix damage scores with higher score indicating more

damage.

Results: All animals exhibited a more painful joint on day 3 post-
injection compared to day 0 (Fig. 1). Higher MIA dose caused more
pain and greater gait alteration than the lower dose after day 7 with
one exception. There was no difference on weight distribution between
the two doses on day 35. Animals injected with 2mg MIA had larger
knee diameter than those with 0.5mg MIA. Bone volume (Fig. 2) was
significantly lower in animals injected with high dose of MIA. However,
bone volume in both groups increased from day 21 to day 35 regardless of
MIA dose. The high MIA dose caused significantly more severe cartilage
matrix damage (Fig. 3), bone resorption and osteophyte formation on
day 21, which did not worsen further by day 35. In the low MIA injection
group, severity of joint damage increased from day 21 to day 35, resulting
in similar levels of damage for both groups by day 35. The subchondral
bone sclerosis was worse in lower dose group than the higher one on
both days.
Conclusions: In this study, we evaluated the temporal effect of MIA dose
on joint pain and structural damages using an established rat model.
The results demonstrated that the higher MIA dose caused more severe
joint swelling, pain, and histopathologic alterations than the lower dose.
It was observed that both standing and moving pain recovered over
time for both groups over 35 days while the joint structures continued
their deterioration. Most surprisingly, the standing pain was almost
completely alleviated by day 35 while the joints exhibited a strikingly
severe degeneration. To our knowledge, this is the first report of such
temporally differential changes on pain and structural damage in MIA
induced rodent model. The results will shed light on the application
of rat MIA model in evaluating biologics and pharmaceuticals for OA
treatment.
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INFRAPATELLAR FAT PAD HYPERTROPHYWITHOUT INFLAMMATION IN
A DIET-INDUCED MOUSE MODEL OF OBESITY AND OSTEOARTHRITIS

W. Chang, J. DeMoe, C. Kent, S. Kovats, P. Garteiser, S. Doblas, R. Towner,
T.M. Griffin. Oklahoma Med. Res. Fndn., Oklahoma City, OK, USA

Purpose: Obesity increases the risk of osteoarthritis (OA) at weight-
bearing and non-weight-bearing joints suggesting that a systemic factor
contributes to this risk. Obesity causes systemic low-grade inflammation
due in part to macrophage infiltration of hypertrophic visceral fat. Fat-
derived inflammatory mediators (i.e., adipokines) have been detected in
the synovial fluid of the knee joint in patients with OA, although the
source of these adipokines is not known. The high risk of knee OA with
obesity suggests that the infrapatellar fat pad (IFP) may be a source
of local inflammation within the knee joint. In this study, we tested
the hypothesis that the IFP is a local source of inflammation in a diet-
induced obesity mouse model of OA. We compared changes in visceral,
subcutaneous, and IFP size, macrophage infiltration, and inflammatory
gene expression in mice fed a control or high-fat (HF) diet for 20 weeks.
Methods: Male C57BL/6J mice were fed either HF diet (60% fat, n = 10) or
control diet (10% fat, n = 10) for 20 weeks starting at 6 weeks of age. Fat
volumes were measured via water-suppressed MRI at 7T. Adipocyte size
was determined by H&E histomorphometry, and macrophage infiltration
was determined by immunofluorescence using an F4/80 rat anti-
mouse purified monoclonal antibody (Invitrogen). Flow cytometry was
conducted on cells from the stromal vascular fraction of collagenase-
digested visceral and IFP using the antibodies CD45, F4/80, CD11c, and
CD206 (BioLegend) to identify immune cells, macrophages, inflammatory
macrophages, and regulatory macrophages, respectively. Inflammatory

cytokine and receptor gene expression was measured using the qPCR
array, PAMM-011D (SA Biosciences).
Results: High fat feeding significantly increased visceral, subcutaneous,
and IFP volume by 463%, 298%, and 54%, respectively (p50%) but not in
the IFP (2-fold increase in expression in HF fed animals, including the
C-C motif chemokine Ccl2 which mediates macrophage adipose tissue
infiltration. However, only one chemokine was significantly increased in
the IFP, Ccl17.
Conclusions: Here we show that visceral fat inflammation induced by
feeding mice a HF diet is not recapitulated in the IFP. Macrophage
infiltration of adipose tissue is typically associated with adipocyte
hypertrophy and death, and although HF feeding increases IFP volume,
the adipocytes in the IFP do not become hypertrophic. By responding
to a hyperlipidemic environment in a unique fashion that does not
involve increased lipid uptake and cell hypertrophy, IFP adipocytes
may be protected from obesity-induced macrophage infiltration and
inflammation. These findings suggest that the IFP is not a source of
macrophage-mediated inflammation in a diet-induced obese mouse
model of early onset knee OA.

Fig. 1. (A) Fat pad volumes from either control (white box) or high

fat (black box) mice were measured by MRI at 7 T. **p < 0.01, Student’s

t-test. (B) Macrophage infiltration was determined using F4/80 antibody

by immunofluorescence imaging. *p < 0.05.
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SPONTANEOUS HEALING OF FIBROCARTILAGE AT THE INSERTION
OF ROTATOR CUFF AND ITS ENHANCEMENT BY TRANSOSSEOUS
PASSAGEWAY IN ANIMAL MODEL OF CYNOMOLGUS MONKEY

H. Ueba, S. Imai, S. Araki, H. Ishigaki, K. Nishizawa, T. Mimura,
K. Ogasawara, Y. Matsusue. Shiga Univ. of Med. Sci., Otsu, Japan

Purpose: It is well known that supraspinatus tendon has a prominent
zone of fibrocatilage at its attachment site. And it is suggested that it
may have some important biomechanical role to protect the tendon.
Microfracture procedure represents a frequently used technique for
repairing of articular cartilage defects. With this procedure, marrow-
derived mesenchymal stem cells were led to produce a fibrocartilage
repair at the defect site.
We compared healing process of the microfracture-group which had
microfracuture procedure after transection of the supraspinatus tendon
to the control group.
We chose cynomolgus monkeys as a model animal because they use
their forelimbs for grasping or holding things rather than walking unlike
other animals.
Methods: Eighteen cynomolgus monkeys were used in this study.
The shoulders were divided into 4 groups, which were determined by
the size of supraspinatus tear and subsequent microfractures: 4mm+,
4mm-, 8mm+, and 8mm-.
In the 4mm+ and 4mm− groups, the tendon was transected in 4mm
length. In the 8mm+ and 8mm− groups, the tendon was transected in
8mm length to be detached completely from its insertion. Microfracture
was then performed in the 4mm+ and 8mm+ groups.
The monkeys were euthanized on the 6, 12 and 24 weeks after surgery.
The specimens were evaluated with hematoxylin-eosin and and types I
and II collagen immunostaining.
Results: In all groups, torn sites were surrounded by granulation tissue.
Histological analysis revealed progressive maturation and reorganization
of the bone-tendon interface. Compared to the 4mm− group, more
collagen fiber continuity and more fibrocartilage at the insertion site
was seen in the 4mm+ group. Same trend was seen in comparison the
8mm− group to the 8mm+ group.
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Conclusions: The result of the present study indicated marrow-derived
mesenchymal stem cells may play an important role in the process of
rotator cuff tear healing to the bone interface.
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PROLONGED EXPOSURE OF JOINTS TO BLOOD IS MORE HARMFUL
THAN SHORT-TERM INTERMITTENT EXPOSURE: A CANINE IN VIVO
STUDY

M.E. van Meegeren1,2, G. Roosendaal2, S.C. Mastbergen1, F.P. Lafeber1.
1Rheumatology & Clinical Immunology, Univ. Med. Ctr. Utrecht, Utrecht,
Netherlands; 2Hematology and Van Creveld Clinic, Univ. Med. Ctr. Utrecht,
Utrecht, Netherlands

Purpose: Exposure of cartilage to blood can occur after joint
trauma, during or after major joint surgery, or in hemophilia
patients. This ultimately leads to joint damage, having both
the inflammatory characteristics of rheumatoid arthritis and the
degenerative characteristics of osteoarthritis. It was shown in vitro that
exposure of human and canine cartilage to 50% v/v blood for 4 days
leads to irreversible inhibition of cartilage matrix synthesis. In humans
the natural evacuation time of blood from a joint is considered to be
4 days. In dogs however, it appeared that the evacuation time is much
shorter; within 2 days blood load decreases to less than 5% v/v. It
has also been shown in vitro, that 2 days exposure of at least 10% v/v
blood is needed to induce irreversible cartilage damage. As such, Beagle
dogs injected intra-articular with autologous blood twice a week during
4 weeks did not develop permanent joint damage. This tempted us to
compare equal blood loads (total cumulative volume injected over time)
by a) intermittent injections mimicking quick aspiration from the joint
after each bleed and by b) daily injections mimicking a continuous blood
exposure as seen upon a human joint bleed.
Methods: Fifteen skeletally mature Beagle dogs, mean age 2.1±0.1 years,
weighing 9–15kg were used. In 8 dogs left knees were injected intra-
articular with freshly collected autologous blood twice a week during
four weeks, with at least 2 days in-between to induce intermittent short-
term blood-exposure. The contralateral knee of these dogs served as a
control. In the other 7 Beagles left knees were injected for two periods
of five consecutive injections (max 24 hours in-between) leading to
two continuous blood loads with more than a two week interval over
a period of 4 weeks. To check for possible synovial inflammation by
repeated intra-articular injections, in this group the right knees were
injected at the same frequency with an equal volume of saline. Ten weeks
after the last blood-injections changes in biochemistry of cartilage were
determined in terms of proteoglycan synthesis, -release, and -content.
Inflammation of synovial tissue was evaluated macroscopically.
Results: There was no difference in proteoglycan turnover and synovial
inflammation between the control legs of both groups (non-injected vs.
saline injected joints).
In the blood-exposed joints of both groups proteoglycan synthesis rate
was increased, suggesting repair activity of the cartilage (p< 0.05).
However, the increased proteoglycan synthesis was ineffective in the
continuous prolonged blood-exposed knees, since the release of newly
formed GAG release was increased in this group (p < 0.05). Also, the
total release of proteoglycans (primarily resident proteoglycans) was
increased in case of continuous prolonged exposure (p < 0.05) but not
in case of intermittent short-term exposure. Ineffective synthesis and
enhanced release led to a statistically significant (p< 0.05) decrease in
proteoglycan content in case of continuous prolonged exposure but not
in case of intermittent short-term exposure.
Mild synovial inflammation was observed due to blood injections,
statistically significant for both groups (p < 0.05). There was no difference
in synovial inflammation between the two groups.
Conclusions: In this canine joint hemorrhage model it is shown that
a two times 5-day continuous exposure of a joint to blood, and not
intermittent short-term exposure of a same blood load (total cumulative
volume injected over time), leads to persistent cartilage damage in terms
of proteoglycan turnover. This implies that the duration of blood exposure
is more important than the cumulative blood load for the induction of
long-lasting cartilage damage. As such, quick aspiration of a joint after a
joint bleed will protect the joint from blood-induced damage.
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INFLUENCE OF BLOOD INJECTION ON RANGE OF MOTION IN A RAT
IMMOBILIZED KNEE

Y. Onoda, Y. Hagiwara, E. Chimoto, A. Ando, H. Suda, K. Sonofuchi, E. Itoi.
Dept. of Orthopaedic Surgery, Tohoku Univ., Sendai, Japan

Purpose: Joint immobilization is commonly used as a treatment for joint

injuries and diseases. However, it also causes unfavorable outcome such

as joint contracture. In our previous reports, restricted range of motion

(ROM) was restored after incision of a capsule, which suggested that the

capsule was one of the most important causes of joint contracture.

Joint hemorrhage is usually occurred by joint trauma and diseases, such

as intra-articular fractures, ligament ruptures and haemophilia. Some

researchers have reported blood-induced joint damages using animal

models. Though influence of blood on a synovial membrane (SM) and

cartilage matrix was reported, precise mechanism was still controversial.

The purpose of this study was to elucidate the morphological changes of

the SM and the capsule, and measure a joint angle in rat immobilized

knees after intra-articular blood injections.

Methods: Animals: The unilateral knee joints of Sprague-Dawley rats

aged 12-week old were immobilized at 150° of flexion with a plastic

plate and metal screws for various periods (1, 3 days, 1, 2, 4, and

8 weeks). Sham operated rats had holes drilled in the femur and

tibia with screws, but the plate was not inserted. After the operation,

the rats were divided into three groups: Immobilized-blood injection

(Im-B) group, Immobilized-normal saline injection (Im-NS) group, and

Sham-blood injection (Sm-B) group. Fifty ml of autologous blood were

administered intra-articularly for the Im-B and Sm-B groups just after

the surgery. The same amount of normal saline was administered for the

Im-NS group.

Histology & immunocytochemistry: Paraffin embedded 5-mm thick sagittal

sections in the medial midcondylar region of the knee were made. The

sections were stained with Elastica-Masson to observe morphological

changes of the SM and the capsule, and with Perls’ Prussian blue

to visualize iron deposition in the SM and capsule. Distribution of

myofibroblasts was observed by immunostaining of a-smooth muscle

actin (a-SMA).

Measurement of a joint angle: A special apparatus for taking lateral x-rays

of the knees were made and the angle between the femur and tibia after

total extra-articular myotomies were measured (1, 2, 4, and 8 weeks:

n = 6/ each group). We set three torques (450, 900, 1350 g-cm). To know

the influence of the posterior capsule, it was incised with a surgical knife

after measuring the angle at the maximum torque. After the release, the

joint angle was measured again with the maximum torque.

Fig. 1. BC, blood clot; Asterisks: adhesion area; JS, joint space; Arrow

head: iron deposit.

Results: Histology & immunocytochemistry: Blood clot was observed

around the posterior capsule until 3days in the Im-B group. The blood clot

was disappeared within 3days in the Sm-B group. Adhesions between

the postero-superior synovial fold and SM around the posterior horn of

the medial meniscus were observed after 1 week in the Im-B group. The

adhesion area extended to the posterior side to diminish the residual

joint space after 2 weeks. These changes were more severe in the Im-B

group than that in the Im-NS group. The area was replaced by fibrous but

hypocellular connective tissues after 8 weeks both in the Im-B and Im-NS

groups (Fig. 1A–D). The iron deposition in the lining cells and adhesion

areas were observed after 1 week in the Im-B and Sm-B groups, however,

done fewer in the Im-NS group (Fig. 1E,F). Though a-SMA positive cells


