
Global Veterinaria 16 (3): 285-297, 2016
ISSN 1992-6197
© IDOSI Publications, 2016
DOI: 10.5829/idosi.gv.2016.16.03.10322

Corresponding Author: Ahmed M. Elmesiry, Diagnostic Imaging and Endoscopy Unit, 
Animal Reproduction Research Institute, Agriculture Research Center, 12556 Haram, Giza, Egypt.
Tel: +201062099431,  E-mail: elmesiry@outlook.com.

285

In vivo Model of Crystal-Associated Osteoarthritis

Ahmed M. Elmesiry, Magdi A. Seleim and David Cullis-Hill1 2 3

Diagnostic Imaging and Endoscopy Unit, Animal Reproduction Research Institute,1

Agriculture Research Center, 12556 Haram, Giza, Egypt
Department of Surgery, Faculty of Veterinary Medicine,2

Kafrelsheikh University, 33156 Kafrelsheikh, Egypt
Sylvan Scientific Pty Ltd, 111 Bronte Rd, Bondi Junction, Sydney, NSW 2022, Australia3

Abstract: Crystals are common components of synovial fluids from degenerated joints and often accompany
unusually severe cartilage destruction. To date, no ideal osteoarthritis (OA) animal model with crystal formation
has been described. In The present study, a new osteoarthritis model was developed accompanied by crystal
formation.The radio carpal joints of the right forelimb of 12 donkeys were injected with 100mg Allogenous
cartilage powder (group A) or vehicle treatment (Group B) for 8 injections over a period of 70 days. (n=six per
group). Osteoarthritis was evaluated by weekly examination of Lameness score, carpal circumference, joint
flexion angle, Synovial fluid analysis (total protein, calcium, phosphorus, magnesium and WBC count) in
addition to light and scanning electron microscopy for cartilage and synovial membrane at day 70. Lameness
score and joint circumference was increased in-groups A however joint flexion angle was decreased compared
to group B (P<0.05). Synovial fluid calcium, phosphorus, magnesium, total protein and leukocyte count were
increased in group A compared to group B. Cartilage damage was observed grossly, histologically in Groups
A together with synovial membrane fibrosis. SEM revealed formation of joint crystals adhering to the synovial
membrane in-group A injected joints. Allogenous cartilage powder injection in the donkey is a suitable model
to be investigated as a viable alternative OA associated crystals model.
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INTRODUCTION associated with the disease and, clinically, the disease is

Osteoarthritis (OA) is a common disease of  joints joint [3].
and among the most important causes of pain, disability Animal models are a research tool used to study the
and economic loss in all populations affecting over 10% pathogenesis, diagnosis and new therapeutic drugs of
of the people [1]. Osteoarthritis (OA) is the most common many different diseases.The different types of arthritis
disease affecting the joints in humans and among the models have been previously reviewed [6-8].
most important causes of pain, disability and economic Recently, The advantage of the horse as a model of
loss in all populations [2, 3]. naturally occurring osteoarthritis has been described [9].

The disease status in the United stated was 21 million Equine OA share many features with human OA as the
in 1995, which rise to 27 million in Lawrence et al. [4]. disease causes, pathogenesis, diagnosis and therapeutic
however in the European Union the affected people treatments.
reached 100 million in Altman et al. [5]. The use of cartilage particles to induce osteoarthritis

OA may be considered as a group of disorders was previously described in dog [10], rabbit [11] and
characterized by progressive deterioration of the articular donkey  [12].  A  combination  of intra-articular injection
cartilage accompanied by changes in the bone and soft of cartilage particles, arthroscopic partial thickness
tissues of the joint. Synovitis and joint effusion are often cartilage  defect  and  exercise have been used to create a

characterized by pain and dysfunction of the affected
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model of degenerative joint  disease  in  the horse [13]. under liquid nitrogen in a mortar, producing particles as
The fate and effects of surgically implanted osteochondral small  as  20 mm in diameter(able to pass easy through a
fragments on the middle carpal joint of horses subjected 14-gauge needle). These particles were resuspended at a
to exercise were investigated [14]. concentration of 50mg/ml in a physiological saline

Calcium-containing crystals that encompass calcium solution contained amikacinsulfate (50mg/ml). An aliquot
pyrophosphatedihydrate (CPPD) and basic calcium of the suspension was cultured for 72hour on ordinary
phosphate (BCP) crystals are associated with several media to confirm sterility. The cartilage stock solution was
diseases in human and animals such as acute joint stored on a fridge (4°C) until use.
inflammation and destructive arthropathies. They are
detected in 100% of OA synovial fluid, of OA meniscus Study Design: The 12 remaining donkeys were randomly
and  in  all  knee  and hip OA cartilage harvested at the divided in to 2 equal group (n= 6). Animals sedated with
time of arthroplasty. BCP crystals, including carbonated- Xylazine Hcl  in a dose of 1 mg/kg. The skin was
substituted hydroxyapatite, tricalcium phosphate, aseptically prepared for arthrocentesis of each right
octacalcium phosphate and magnesium whitlockite are radiocarpal joint to obtain synovial sample for baseline
heterogeneous in terms of structure, chemical analysis. Group A received 100mg(2 mLACP) (ACP
composition and biological properties [15]. group), Group B received the suspended solution (2mL)

Studying of crystal–associated arthropathy was without add cartilage (Vehicle - Control group) intra-
always depend on synovial fluid and cartilage sampling articulary into the right radiocarpal joint using a 14G
from human clinical cases [16] or injecting an in-vitro needle. These injections were repeated at 7, 14, 21, 28, 35,
prepared crystals to healthy joints in laboratory animals 42 and 56 days. The left radiocarpal joint remain intact to
[17]. allow accurate lameness evaluation for the right for elimb.

This study is the continuation of our previous work Donkeys were trotted for 15 min/day on soft ground 5
[12] on development of a model of degenerative joint days each week until the end of the study. All Groups
disease in the donkey that demonstrate clinical and were euthanized at day 70 (Figure 1).
morphological evidence of the onset, progression and
crystal formation of OA. We hypothesized that injections Outcome Measures
of large doses allogenous cartilage particles and exercise Clinical Examination: Clinical examinations of right
would result in clinical, histopathologic changes forelimbs were performed weekly from day 0 (baseline)
characteristic for osteoarthritis. throughout the study period. Donkeys evaluated for

MATERIALS AND METHODS Association of Equine Practitioners (AAEP) grading

Animals: The present study was performed with 13 circumstances, 1:Lameness is difficult to observe and is
healthy  male  donkeys  (Equus asinus)  weighting from not consistently apparent, regardless of circumstances, 2:
150 to 200 kg. Animals were housed in indoor stalls and Lameness is consistently apparent under certain
fed on a maintenance ration of mixed grain with hay and circumstances, 3: Lameness is consistently observable at
unlimited water. All donkeys were dewormed with a trot under all circumstances, 4: Lameness is obvious at
ivermectin 200 mcg/kg  body weight. a walk. 5:Lameness produces minimal weight bearing in1

Prior to inclusion in the study, lameness examination, motion) [18]. Circumference of the carpal joint was
body condition, radiographs of carpal joints, range of obtained at the proximal aspect of the carpus by using of
motion of carpal joints (angle of flexion) and evidence of a measurement tape (in cm). The tape measure placed over
joint effusion were assessed to ensure that all previous the proximal row of the carpal bones (accessory, radial,
variables were within normal limits (baseline ulnar and intermediate carpal bones) with limb fully
measurement). weight-bearing [19]. Maximum carpal flexion was
Allogenous Cartilage Particles (ACP): One local breed measured by slowly flexing the carpus until the donkey
donkey weight 150 kg was euthanized. Pure articular resisted. The angle was then measured in degrees with
cartilage was removed from the shoulder, carpal, fetlock, goniometer [19]. A professor of large animal surgery
pastern, hockand stifle joints in a biosafety cabinet under (Lameness specialist) assessed all clinical outcome
aseptic conditions. The pooled cartilage was powdered variables without known of the treatment assignment.

ii

iii

lameness score on a scale 0 to 5 according to American

system (0: Lameness not perceptible under any
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Fig. 1: Flowchart of the study protocol explaining the grouping, injection time and euthanasia.

Synovial Fluid Analysis: Synovial fluid sample (1 to 2mL) Light Microscopy: Specimens from the synovial
aseptically aspirated from each right radio carpal joint at membrane  and  joint  capsule  were harvested from the
day  0  (baseline  analysis)  and  before  each  injection. area  located close to the joint space and placed in
The conventional analysis of synovial fluid included neutral-buffered 10% formalin (NBF) stained with H&E
assessment of total protein concentration, white blood and examined microscopically.Samples evaluated for
cell (WBC) count, Calcium, Phosphorus and Magnesium. cellular infiltration, synovial intimal hyperplasia,
Total protein concentrations and WBC were determined subintimal edema, subintimal fibrosis and subintimal
via Double Beam UV Visible Spectrophotometer and use vascularity. Each variable was graded and reported as a
of an automated cell counter, respectively [20]. A clinical numeric value 0 to 4 (0 = normal, 1 = slight change, 2 =
pathologist who was blinded to the treatment protocol did mild change, 3 = moderate change and 4 = severe change
all the synovial analyses. [21].

Gross Pathology of Joint Tissue: Animals were diameter were obtained from each joint (Figure 2).
euthanized by administration of pentobarbitone sodium Sampling sites were chosen to represent an area of dorsaliv

(100 mg/kg IV) and tissue samples collected from joint cartilage (C1&C3) and palmar cartilage (C2& C4) regions.
capsule and articular cartilage (Figure 2). Carpal joints Samples placed in (NBF) for 7 days and then placed in
specifically examined for degree and location of articular 10%  EDTA  for  21 days for decalcification then
cartilage  fibrillation  or  erosion.  A  subjective grade processed routinely to paraffin wax for histological
(scale of 0 to 4) assigned for partial- and full-thickness examination by a professor of pathology who was
cartilage erosion as well as synovial membrane unaware of treatment assignment. Samples were sliced
hemorrhage. A total erosion score assigned, also with a into 5-µm sections and stained with H&E, cartilage were
scale of 0 to 4. For each of the 2 variables, grade 0 graded on a scale of 0 to 6 (Grade 0: Smooth, Grade 1:
represented no pathological change and 4 represented a Surface irregular, Grade 2: Surface discontinuous, Grade
severe change. Each joint also assessed for the presence 3: Vertical fissure, Grade 4: Erosion, Grade 5: Denudation,
of synovial adhesions [21]. Grade 6: Deformation) [22].

Full thickness articular cartilage samples of 5-mm2



Global Veterinaria, 16 (3): 285-297, 2016

288

Fig. 2: Illustration of cartilage collection sites from distal control group had no lameness all over the study period
articular surface of the radius. C1&C3 represented (Figure 3-A). There was a significant difference between
samples for the Light microscopy while C2&C4 for ACP group and vehicle control group (P<0.05) from day
the SEM 14 to the end of the study.Carpal circumference was

Scanning Electron Microscopy: Cartilage C2&C4pieces ACP group (24.33±1.29), vehicle control group (23.1±0.45).
which obtained from the distal redial surface of each right From day 56, the circumference was constant to the study
carpal joint as well as synovial membrane Specimens were end (day70), 23.67±.1.03 for ACP group and vehicle
fixed in 2.5% (v/v) glutaraldehyde solution in phosphate control group 23.1±.0.45. There was a significant
buffer saline (PBS pH 7.4) for approximately 24 h, followed difference between ACP group and vehicle control group
by thorough washing using multiple changes of PBS. (P<0.05) from day 14 to the end of the study (Figure 3-B).
Secondary fixation in a solution of 1% (w/v) osmium The flexion angle begin to decrease at day 7 in ACP group
tetroxide in PBS for 1.5 h. Specimens were again rinsed in reaching its peak at day 35 (126.67±5.16). At day 70, the
multiple changes of PBS then dehydrated with an flexion angle was at highest value, 146.67±.5.16 for ACP
ascending ethanol series 50%, 60%, 70%, 80%, 90%, group. Vehicle control group had a constant 156.67 ± 2.58
100%., followed by pure, dry acetone. This followed throughout the study period (Figure 3-C). At day 21, 28,
immediately by critical point drying with liquid carbon 35, 42 and 56 ACP group was significantly different from
dioxide then coated with gold and examined by a vehicle control group (P <0.05). However, at day 70, there
professor of pathology using scanning electron was no significant differences between both groups.
microscope . Cartilage surface was examined for erosionv

and micro cracks on a scale of 0 to 4 (grade 0= normal; Synovial Fluid Analysis: Synovial WBCs count was
grade 1= malacia; grade 2;superficial cracks; grade 3= increased in ACP group (333±51.64 cells/µL) and vehicle
fibrillation; grade 4= full thickness erosion) [23]. Synovial control group (266.67±51.64 cells/µL), after the first
membranes were graded on a scale of 0 to 4 according to injection throughout the study. There was a significant
the percentage of affected area (Grade 0 = normal; grade difference between ACP group and vehicle control group
1= 0-25% affected; grade 2= 25-50; grade 3= 50-75; grade (P<0.05) from day 7 to the end of the study. Total protein
4= 75-100). also increased in ACP group (3.43±0.58 g/dL) and vehicle

Statistical Analysis: Data was assessed for normality throughout the study.There was a significant difference
using the Shapiro-Wilk test for normality and outliers. between ACP group and vehicle control group (P<0.05)
Normality was examined graphically for skewness or from day 7 to the end of the study.Magnesium increased
kurtosis within group variances to look at the in ACP group (2.1±0.3 g/dL) and vehicle control group
homogeneity of variance. The two groups were compared (1.5±0.2 g/dL) after the first injection reaching its peak at
on weekly after initiation of injection. Variables including day 70 (4.3±0.3 for ACP group and 1.5±0.2 for vehicle
carpal flexion angel, carpal circumference, TP and TWBC control group). There was a significant difference between
were analyzed using independent samples T- test. ACP group and vehicle control group (P<0.05) from day
Lameness score, gross pathological and histo-pathologic 7 to the end of the study (figure 4A). Phosphorus
scores  were  analyzed  using  independent  samples increased in ACP group (10.4±1 g/dL) and vehicle control
Mann-Whitney U Test. P<0.05 was considered group (8.7±1.4 g/dL) after the first injection reaching its
significant. Values are reported as mean ± standard peak at day 70 (13.3±0.8 for ACP group and 8.7±1.4 for
deviation. All statistical analysis were done using IBM vehicle control group). There was a significant difference
SPSS software Version 23 . between  ACP  group  and  vehicle control group (P<0.05)Vi

RESULTS

Clinical Examination
Lameness  Score:  Increasing  in  the lameness score
begin at day 14 for ACP group(mean ± SD, 1.67 ± 0.52)
and peak at day 21(3 ± 0). At day 70, the lameness score
was at lowest value, 1.33±.0.52 for ACP Group. Vehicle

increased in both groups reached its peak at day 35 for

control group (2.1±0.15 g/dL) after the first injection
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Fig. 3: Representative box plots of the lameness score, carpal circumference and joint flexion angle for group A and B
over the study time period
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Fig. 4: Representative box plots of the calcium, magnesium and phosphorus for group A and B over the study time
period
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Fig. 5: Representative images of the gross morphology of
the distal articular surface of the radius of Group A
and B. black arrows refer to full thickness erosion
however the white arrows refer to partial thickness
erosion

from day 7 to the end of the study (Figure 4B). Calcium
increased in ACP group (2.3±0.3 g/dL) and vehicle control
group (1.8±0.6 g/dL) after the first injection reaching its
peal at day 70 (3.3±0.2 for ACP group and 1.9±0.6 for
vehicle control group). There was a significant difference
between ACP group and vehicle control group (P<0.05)
from day 7 to the end of the study (Figure 4C).

Gross Pathology: ACP group had partial and full the synovial membrane of Group A and B. black
thickness erosion (2.67±0.52) with a significant difference arrows refer to embedded cartilage particles inside
from vehicle control group (P = 0.002) (Figure 5). The the subintimal layer surrounded by a sever zone of
synovial membrane had significantly difference between cellular infiltration however white arrows refer to
both groups (P = 0.002). ACP group had a synovial the subintimal blood vessels.
membrane adhesion.

Light Microscopy of Synovial Membrane: Induction of evaluation of sample C1 via H&E revealed a significant
osteoarthritis did not result in significant change in increase in OA score for ACP group from vehicle control
synovial membrane intimal hyperplasia or subintimal group (P=0.002). C1 histologic score revealed more
edema (ACP group had slight changes 1±0). Synovial damage than C3 although this difference was not
membrane cellular infiltration was increased in ACP group significant (P=0.518). Lesion on ACP group (C1&C3:
(3.33±0.52). ACP group was significantly different from 5.67±0.52), includes denudation (microfracture limited to
vehicle control group (P=0.002), ACP group characterized bone surface) and deformation (bone remodeling includes:
by large cartilage particles embedded inside the subintimal microfracture with fibrocartilaginous and osseous repair
layer surrounded by a sever zone of cellular infiltration extending above the previous surface) (Figure 7-A).
(Figure 6-A). Synovial membrane vascularity was Vehicle control grouprevealed normal architecture and,
increased in ACP group (2.67±0.52).ACP group were appropriate orientation of the Cells (Figure 7-B).
significantly different from vehicle control group
(P=0.002). Synovial membrane fibrosis was increased in Scanning Electron Microscopy of Synovial Membrane:
ACP group (2.67±0.52).ACP group was significantly Induction of osteoarthritis revealed severe changes to the
different from vehicle control group (P=0.002). synovial membrane of ACP group (4±0) which appeared

Fig. 6: Representative images of the light microscopy of

Light Microscopy of Articular Cartilage: Histologic
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fibrotic compared to vehicle control group, which
appeared normal. However ACP group was distinguished
by formation of crystals adhering to the synovial
membrane  (Figure  8-A). There were significant
differences in synovial intimal fibrosis between both
groups (P = 0.001).

Fig. 7: Representative images of the light microscopy of cartilage fissures passed through the articular surface and
the articular cartilage of groups A and B. white penetrated deeply into the radial zone and sometimes to
arrows refer to fibrocartilaginous and osseous the level of the subchondralbone (4±0). Vehicle control
repair extending above the subchondral bone group was constantly normal. C2 & C4 histologic score
however black arrows refer to matrix vertical revealed the same damaged with respect to their
fissures and erosions extending into the mid zone anatomical sites (Figure 9).

Fig. 8: Representative images of the SEM of synovial
membrane of Groups A and B. white arrows refer
to the synovial crystals, white circles refer to
normal synovial villi and black circles refer to
fibrotic zones

Scanning Electron Microscopy of Cartilage Surface:
ACP group had marked changes on the cartilage surface
(P=0.001) compared with vehicle control group which
appeared to be normal. Examination of cartilage surface at
low magnification (35X) revealed normal architecture
(vehicle control group). ACP group had full thickness
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Fig. 9: Representative Series of magnified images of the articular cartilage SEM for Groups A and B. white arrows refer
to deep cartilage fissure extending to the level of the subchondral bone however; black arrows refer to separation
of the tangential lamellae
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DISCUSSION model rather that the transient cartilage changes.

Crystals formation in joints is frequently associated a natural degenerative process that normally takes years
with osteoarthritis (OA). Although the presence of to develop.
intraarticular crystals has been correlated with severe joint In the present study, intra-articular injection of
pathology., it is still controversial whether such crystals allogenic cartilage particles effectively resulted in clinical,
are a primary cause of arthritis or a secondary gross, histologic and biochemical changes indicative of
consequence of joint damage [24, 25] and the mechanism osteoarthritis. The lesions are thought to represent both
of their pathogenicity has not been clarified in vivo [17]. chronic synovitis and traditional osteoarthritis that

In the present study, osteoarthritis were created includes full-thickness cartilage erosion. During this
successfully in the radiocarpal joint through repeated study, no adverse events were recorded with any of the
injection of allogenous cartilage particle. Use of the 14 g treatment doses and a mild degree of lameness was
needle facilitated the injection of the ACP. The eight ACP induced (typically grade 2 on a scale published by the
injection supported by exercise program to maintain the American College of Equine Practitioners) [18].
disease process over 70 day. Our model created a variety Lameness is often a feature of natural or
cartilage lesion grades ranged from surface irregularity to experimentally induced OA. In some cases, lameness may
deep cartilage erosion that extended to the subchondral be severe that limits usefulness of a model [29]. Despite
bone. the fact that articular cartilage degeneration was induced

However horses have been described as a model to in our study, lameness was not a major feature of both
study osteoarthritis, this animal have some difficulties to groups. This mimics the natural occurring disease where
work with as difficult on handling and operator safety, the majority of the clinical cases were less severe.
cost expensive in housing and feeding. Thus we should In our study partial and full thickness cartilage
use an animal phylogenetically, biomechanically and erosion were observed in addition to synovial membrane
biochemically close as is possible in order to most adhesion and pannus formation, however in other study
accurately reflect pathologic process in the target species in the horse the lesions were limited to wear lines and
[7]. Donkeys have many advantages as improved areas of cartilage thinning together with capsular fibrosis
investigator safety, less size area for housing, allowing and synovial membrane hyperplasia [13]. This may be due
less stress, less requirements for exercise, identical to low cartilage dose (10mg) and prolongation of the
anatomy with the horse, domesticated for low stress, lack study period (6 months). While in other species synovitis,
of clinical research on the donkey, large joint size enable stiffness and marginal exostoses without damage to the
us to take a good amount of tissue for articular surfaces could be detected grossly or
manyhistopathologic analysis. microscopically [10] in contrast to Evans’s study was

Using of allogenous cartilage particles (ACP) to concomitant destruction of articular cartilage [11].
study  OA  had  been  described  in  previous  studies. This study agrees with other studies conducted on
The mechanisms by which these particles help sustain the cartilage particle injection reported synovial fibrosis
inflammation and further erosion is controversial, but [10] with small cartilage particles engulfed inside the
probably occurs by two mechanisms. First, cartilage synovial subintimal layer [11, 13]. However, other studies
particles may initially act as abrasives to liberate more also reported synovial intimal hyperplasia [13].
'wear particles' which are engulfed by the synovial In the present study, we demonstrate osteoarthritic
membrane [26, 27] causing metaplastic changes in the cartilage surface for abnormal situations and assessment
membrane, abnormal synovial fluid constituents and of cartilage surface in different osteoarthritis stages,
synovitis. Secondly, cartilage particles may also stimulate which could facilitate comparisons among repair
synovial cells via immune system to produce cellular strategies. Our grading system are similar to Clark
mediators and/or proteinases which result in depletion of observations who summarized the Cartilage SEM lesions
cartilage matrix, either directly or by acting on the into four categories: Superficial Roughness, Subsurface
chondrocytes [28]. Fissures, Superficial Fronding and Full-Thickness

Dose  selection  was made upon our previous work Fissures [23]. The SEM results validate the light
on donkey where we use 50 mg/joint [12]. Our goal was to microscopy results and offer a good method for assessing
select the appropriate dose for creating a unique OA osteoarthritic cartilage.

Repeated injection and exercise were needed to accelerate
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