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ABSTRACT

Different new potential biologic agents have recently been studied to control knee joint osteoarthritis (KOA). Hence,
animal models are one of the most important foundations studies to assess early safety and efficacy before human
clinical trials. This study aimed to evaluate the radiographic progression of stifle joint osteoarthritis (OA) after lateral
meniscectomy. A total of 14 skeletally matured sheep (Ovis aries) were subjected to total lateral meniscectomy and
evaluated for radiographic cranio-caudal and mediolateral projections at the 61 and 12" week after surgery. Low grade
OA was seen radiologically by osteophyte formation at the 6™ week, followed by intra-articular mineralization and
subchondral sclerosis at the 12" week after meniscectomy. There was statistically non-significant difference in the
radiographic scores between 6™ and 121" week after meniscectomy. In conclusion, total lateral meniscectomy in the
ovine stifle joint could create low grade OA as early as 6 weeks, confirmed radiologically by osteophyte formation.
Further studies are needed to evaluate the correlation between radiological and clinical findings.

Key words: Stifle Joint, Ovis aries, Lateral Meniscectomy, Radiographic Score.

INTRODUCTION

Meniscus is one of the most important structures to
prevent knee joint osteoarthritis (KOA) (Beveridge et al.
2011). A number of previous studies have confirmed the
role of meniscus in load transmission, shock absorption,
nutrition, lubrication and stability in the knee joint (Innes
et al. 2004; Beveridge et al. 2011; Veronesi et al. 2020).
Patients without intact meniscus slowly develop KOA,
beginning with articular cartilage fibrillation, cleft
formation and narrowing of joint space (Kopf et al. 2020).
Animal models of meniscectomy have also been shown to
have post-traumatic osteoarthritis (OA) confirmed through
radiological ~ evaluation (Teeple et al. 2013;
Lampropoulou-Adamidou et al. 2014; Kuyinu et al.
2016).

Radiological evaluation has been commonly
performed to investigate and diagnose joint diseases in
humans and animals since 1950s (Little et al. 1997; Innes
et al. 2004). Although radiographic features of OA were
not proven to correlate well with clinical condition and
temporal changes, conventional radiographic assessment
has been, and continues to be, a standard clinical tool in
KOA (Morgan 1968). Several grading systems have been
used to assess the severity of stifle joint OA, all of which
have a common ground of the emphasis of osteophyte
development (Gilbertson 1975; Dedrick et al. 1993;
Widmer et al. 1994). In veterinary practice, probably due
to the inability to assess joint space during a weight-
bearing radiograph, but also related to the prominent
nature of the osteophyte in the stifle joint OA. According
to Morgan (1968), development of global effusion,
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osteophytosis  and  enthesophytes, intra-articular
mineralization and subchondral sclerosis/subchondral cyst
formation are the features needed to be evaluated in stifle
joint OA.

Along with the advances in medical technology and
knowledge, regenerative therapy has been one of the most
studied fields in medicine. More and more biologic
therapies are aimed to prevent and control the OA earlier
when it is in the low-grade condition (Dilogo et al. 2020;
Zhu et al. 2021). However, most studies showed the OA
in the advanced condition and little information is
available regarding the time needed for the development
of OA, especially the low-grade ovine stifle joint OA
(O’Brien et al. 2012; Holland et al. 2013; Moya-Angeler
et al. 2016). Therefore, this study aimed to evaluate the
radiographic progression of a low-grade OA creation in
stifle joint after a total lateral meniscectomy procedure in
sheep (Ovis aries).

MATERIALS AND METHODS

A total of 14 sheep (Ovis aries) were included in this
study. Clinical, laboratory and radiographic assessments
were performed in these animals before the meniscectomy
to exclude primary osteoarthritis and previous pathology
in the joint and bones. The selection criteria for
experimental animals included male ovine, aged 3 years,
body weight 25-30kg, skeletally mature without history of
trauma and congenital anomaly of the lower extremity.
Animals with infection at surgical site, deformity of lower
extremity and cartilage damages upon meniscectomy were
excluded. All selected animals were subjected to total
lateral meniscectomy in the right hind limb at the same
time under anesthesia. The wound was closely monitored
daily, and the sutures were removed 14 days after
meniscectomy.

Radiographic examinations were performed at the 6™
and 12" week after meniscectomy through a high-
resolution film screen combination, using POX-100BT
(POSKOM, Gyeonggi, Korea) and viewed using
VetDROC by Insan Teknotama Bersahaja application.
One Veterinarian and one orthopedic surgeon evaluated
and scored the results. The ethical approval of this
research was obtained from our institution with protocol
number 22-08-0984 and ethical clearance number KET-
932/UN2.F1/ETIK/PPM.00.02/2022 and an Animal Care
and Use Committee (ACUC) School of Veterinary
Medicine and Biomedical Sciences IPB University
number 023/KEH/SKE/1X/2022.

Total Lateral Meniscectomy

Before surgery, all the experimental animals were
clinically evaluated for general health, vaccination status
and were acclimatized for 2 weeks in the laboratory. The
operation site was shaved and conventional radiograph
was taken to exclude prior pathology in the lower
extremity. Total lateral meniscectomy was performed on
the right hind limb of each animal. Prophylactic
intramuscular (IM) amoxicillin at the dose of 10mg/kg
body weight (BW) was given, while 0.22mg/kg BW of
sulfas atropine was administered subcutaneously as
premedication. Induction of anesthesia was started by
giving 11mg/kg BW of Ketamine (IM), with xylazine
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0.22mg/lkg BW was given as a muscle relaxant.
Intravenous normal saline maintenance was administered
at the front limb during the surgery.

Septic and aseptic procedures were done, followed by
standard surgical draping. Incision was performed using
lateral parapatellar approach, 5cm proximal to the
kneecap and 5cm distal to the upper end of tibia. After
retraction of subcuticular tissue, vastus lateral muscle and
the joint capsule were incised. The lateral meniscus was
removed by sharply cutting the cranial and caudal
supporting meniscal horns and meniscofemoral ligaments
(Fig. 1). The operation field was then irrigated with
normal saline and the surgical wound was sutured layer by
layer.

After surgery, the animals were kept at the stable for
10-14 days until the wound healed, while sutures were
removed before the start of the rehabilitation process.
They were allowed to walk on the asphalt ground for
150m every day for 2 weeks before radiographic
evaluation was performed at the 6™ and 12" week after
meniscectomy.

Radiographic Evaluation by Conventional Radiography

Radiographic evaluations were performed before, 6
weeks after and 12 weeks after the meniscectomy. For
each animal, mediolateral and craniocaudal projections of
the stifle joints using the hindlimb stifle joint protocol
were performed. For the craniocaudal projection, the
animal was held in the ‘sitting’ position to obtain a
seemingly ‘weight-bearing’ position. Meanwhile for
mediolateral projection, the animal was positioned in
lateral decubitus with the contralateral limb held away
from the film. All of the results were processed through
VetDROC application with Insan Teknotama Bersahaja®
using craniocaudal and mediolateral hindlimb stifle
protocol (Fig. 2).

A total of five parameters were observed from
conventional radiography according to Innes et al. (2004);
these included global score for overall disease severity (0-
3), joint effusion (0-2), osteophytosis (0-3), intra-articular
mineralization (0-2) and tibial subchondral sclerosis (0-1),
as shown in Fig. 3. Each of these parameters was
evaluated by two observers and the mean score was
recorded.

RESULTS

A total of 14 sheep weighing from 25-30kg were
subjected to mediolateral and craniocaudal hind stifle joint
radiograph before meniscectomy to show that these
animals were free from any prior pathology on the
cartilage. There was non-significant difference in the total
radiograph score between 6 weeks and 12 weeks after
meniscectomy (5.18+0.39 vs 5.88+0.78; P=0.662). There
were also non-significant differences in the mean
progression of radiographic OA score after 12 weeks of
meniscectomy between animals of 28-30kg and above
30kg (5.86+0.69 vs 5.78+0.83; P=0.842). Mean scores of
each radiographic OA parameter are given in Table 1.

Although there were non-significant differences in
the total OA score radiographically between 6™ and 12t
weeks, however the mechanism of post-traumatic OA was
elaborated by evaluating the progression of these
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Fig. 1: Total lateral meniscectomy. A) Septic and antiseptic procedure, B) skin incision proximal and distal to the stifle joint, C)
exposure of the stifle joint and anterior meniscus horn, D) sharp excision of the anterior meniscus horn, E) meniscus lateral excised, F)
soft tissue closure and G) skin closure.
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Fig. 2: Conventional radiograph positioning for craniocaudal and mediolateral projection.

Fig. 3: Radiographic scoring of stifle joint. Arrow shows osteophyte formation, while asterisk shows intra-articular mineralization.

Table 1: Mean radiographic scores at 6- and 12-weeks post ~ was an increasing osteophyte formation as the time

meniscectomy passed, but the difference was statistically non-significant
Parameter 6 Weeks* 12 Weeks* (1.12+0.33 vs 1.88+0.33; P=0.378). However, at the later
(E;]l]?b"’_" 3882888 igfggg stage, the incidence of sclerosis was observed, which was

usion .00+0. .12+0. L .

Osteophyte 1124033 188+0.33 not seen initially (Fig. 4).
Mineral 0.06+0.24 0.06+0.24
Sclerosis 0.00 0.65+0.61 DISCUSSION
Total 5.18+0.39 5.88+0.78 ] o ) )

*Data is presented as mean+SD. The most important finding in this study is that total

lateral meniscectomy in stifle joint could create low grade
parameters. Initially after the injury, inflammation took ~ OA as early as 6 weeks after intervention proven
place hence higher effusion score was seen at the 6" week ~ radiologically. Knee osteoarthritis is one of the most
compared to the 12" week (2+0.00 vs 1.12+0.33). There ~ common degenerative diseases and is the most studied
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OA Radiographic Score 6th & 12th Week

Sclaronds Total

Fig. 4: OA Radiographic score at 6™ and 12! week post
meniscectomy.

problem (Cui et al. 2020). Recently, many new biologic
agents have been investigated, aiming to regenerate the
damaged cartilage process at the earlier stages of OA
(Dilogo et al. 2020; Shegos and Chaudhry 2022; Rauck et
al. 2022). Evaluation of a new biologic agent must first
comply with the basic safety and efficacy based on the
animal study. The model used must be as analogous as the
human knee joint. Ovis The stifle joint of sheep (Ovis
aries) was selected in this study because of its similarity
in size and topography with the human knee joint (Burger
et al. 2007; Olah et al. 2019). Previous studies have
elaborated the progression of OA in the stifle joint of dogs
(Gilbertson 1975; Dedrick et al. 1993; Widmer et al.
1994). However, in a country such as ours with
multicultural beliefs, the usage of dogs as an animal
model is not recommended due to the local culture. The
other commonly used OA models are rabbit (Yoshioka et
al. 1996) and horse joints (Mcilwraith et al. 2012) but the
size is rather too small in the rabbit and too large in the
horse. Monkey’s knee joint (Bi et al. 2021) is quite similar
to human’s knee joint but it also has some ethical issues.
Therefore, in this study we selected ovine stifle joint for
this study due to the above reasons.

Lateral total meniscectomy was chosen due to its
natural function that carries a larger proportion of load in
the lateral compartment and a more understood character
in the lateral compared to the medial meniscus. According
to Little et al. (1997), lateral meniscectomy produces
histomorphological and immunohistochemical cartilage
changes as in early OA in ovine OA model after six
months. This finding correlates with that of our study,
where osteophyte formation as early as 6 weeks was seen
radiologically in 100% of the ovine model.

Information on radiographic progression of stifle
osteoarthritis is lacking, especially for the Ovis aries
sheep stifle joint (Appleyard et al. 2003; von Lewinski et
al. 2006). Several workers tried to elaborate the
radiologic parameters on stifle joint OA and suggested
that although several radiologic parameters measured
can be related to the severity of the disease, none could
be related with clinical and temporal conditions
(Gilbertson 1975; Dedrick et al. 1993; Widmer et al.
1994). Our findings are supported by those of Innes et al.
(2004), who showed osteophyte formation and effusion
in the earliest phase (after 6 weeks), while at the later
stage effusion went down and intra-articular
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mineralization and subchondral sclerosis took place.
These findings correlate well with the pathophysiology
of post-traumatic OA, which starts with inflammation
and hematoma and is followed by the compensation
remodeling (subchondral sclerosis).

Conclusion

Based on the findings of the present study it can be
concluded that total lateral meniscectomy in the ovine
stifle joint could create low grade OA as early as 6
weeks, which was confirmed radiologically by
osteophyte formation. Further studies are needed to
evaluate the correlation between radiological and clinical
findings.
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