TOWARD IMPROVED CLINICAL RELEVANCE OF CARTILAGE
INSULT MODELS IN THE RABBIT KNEE: SURGICAL ACCESS TO
THE HABITUAL WEIGHT-BEARING REGION
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ABSTRACT

Objective: This article addresses considerations
for using a posterior (popliteal) instead of anterior
(para-patellar) approach for experimental insult
to the rabbit knee medial femoral condyle (MFC)
surface in vivo. The posterior approach is particu-
larly advantageous when intending to address the
pathomechanisms of OA associated with habitual
cartilage loading, or the efficacy of a cartilage re-
pair method, in a clinically relevant experimental
setting.

Design: Studies using anterior versus posterior
approaches for such purposes in survival rabbit
models of the MFC articular surface insults were
systematically surveyed. The anterior-posterior
span of the primary weight-bearing region of that
surface was demonstrated cadaverically.

Results: Of a total of 31 papers identified in
2007-2012, an anterior approach was utilized in
28 studies (> 90%). More than half (17/28) ex-
plicitly regarded the cranial half (inferior aspect)
of the MFC surface as being a “weight-bearing”
region. The insult site through anterior approach
(identified in figures) was located in the cranial
half region in all cases. Cadaverically, however, the
center of habitual tibio-femoral contact locations
on the MFC surface was located in the caudal half
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region (posterior aspect) of the MFC surface. The
majority of the habitual contact region was acces-
sible only by a posterior surgical approach.
Conclusion: For the above-noted purposes, use
of a posterior (popliteal) approach, rather than an
anterior approach, is highly recommended.
Keywords: animal models; rabbit knee; medial
femoral condyle; cartilage; weight-bearing region.

INTRODUCTION

The rabbit knee is one of the most commonly utilized
joints in survival animal studies of osteoarthritis (OA)
and cartilage repair’. The relatively large physical size
of the rabbit knee is well suited for creating chondral
or osteochondral defects or for acute cartilage injury
(blunt impactions). The articular surface of the medial
femoral condyle (MFC) is often chosen as a site of inter-
est, because it is presumed to be a high weight-bearing
surface. Given that osteochondral lesions in correspond-
ing regions in the human knee present a substantial
challenge for cartilage repair?*, testing new treatment
methods in a clinically relevant experimental setting in
vivo is crucial for obtaining valid pre-clinical information.

Among the many survival rabbit model studies in
the literature, anterior (typically medial para-patellar)
approaches are commonly utilized to apply experimen-
tal insults to the MFC surface. From a functional and
anatomical perspective, however, it is questionable
whether or not the habitual weight-bearing region in
this surface is truly accessible anteriorly. The rabbit’s
habitual posture is one of squatting, in which the knees
are deeply flexed. Even during hopping (Figure 1), the
rabbit knee appears to remain flexed throughout the ma-
jority of the motion event. Based on this consideration,
Hurtig et al. reasoned that the posterior region of the
rabbit knee MFC surface was responsible for habitual
weight-bearing, leading them to adopt a posterior (pop-
liteal) approach to create osteochondral defects there.
Nevertheless, most investigators before and since have
used an anterior approach for such purposes. There ap-
pears to be insufficient awareness about the relatively
predominant posterior location of weight-bearing in this
species, and about accessibility of this location when
using an anterior surgical approach. The purpose of the
present article is to draw attention to this issue, which
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will improve the human clinical relevance of rabbit knee
models addressing the pathogenesis of OA, and hope-
fully improve the efficacy of treatment methods in high
weight-bearing articular surfaces.

METHODS

Literature Survey

A systematic survey was performed of the English
language literature regarding survival rabbit model
studies, in which articular surface defects or blunt
impaction cartilage injuries were created in the MFC
surface. The PubMed database from 2007 was searched
using a combination of keywords [“rabbit” AND “knee”
AND “cartilage” AND (“defect” OR “impact”)]. Next, the
searched articles were screened by the journal’s impact
factor (1.0 or higher). These candidates (a total of 110
papers) were subjected to quick review of the abstract
(or main text as needed) to select the papers that satis-
fied the above-noted (underlined) criteria. Finally, these
selected papers were carefully reviewed to assess the
methodological details. The points of interest included:
1) research interest, 2) insult modality, 3) surgical ap-
proach, 4) statement that regarded the insult site as a
weight-bearing region, and 5) the insult site location
identified in figures.

Cadaver Demonstration

The anterior-posterior span of the primary weight-
bearing region in the rabbit knee MFC surface was
explored in a normal whole-leg cadaver specimen har-
vested from an adult New Zealand While rabbit. The
specimen was dissected free from soft tissue from the
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Figure 1. Successive instances during rabbit hopping. Note that the knee is kept in flexion except for a very short duration at the instant of
“taking off.”

femoral head through the ankle, except for the major pas-
sive knee stabilizing structures (including the cruciate
and collateral ligaments and the menisci). The femur was
secured horizontally to a plastic-foam baseplate using
two perpendicular Kirshner wires (diameter: 1.6 mm),
one proximally through the femoral head, and the other
distally across the medial and lateral distal femoral epi-
condyles. Another perpendicular K-wire was placed at the
ankle (through the talar dome), so that the leg could be
stabilized at predetermined knee flexion positions. The
K-wire insertion points on the baseplate were regarded
as reference points for the sagittal-plane positions of the
hip, knee, and ankle, respectively. The angle between the
hip-knee and knee-ankle axes (Figure 2A) was measured
using an analog goniometer, and then defined as the
knee flexion angle (where 0° indicated full extension).
Information regarding the physiologic range of mo-
tion of the rabbit knee was searched in the literature.
Beloozerova et al.’° reported that the rabbit knee’s flexion
angle at rest ranged from 90° to 120°, while Mansour
et al.b reported that the range of motion during hopping
was from 120° to 160°. (Note: In the original reference
papers, knee flexion positions were expressed as “exten-
sion angles,” where 0° indicated full flexion. Therefore,
the above-noted ranges were reported as 60° to 90° and
20° to 60°, respectively.) Accordingly, flexion angles
of 90°, 135°, and 160° were selected as representative
habitual weight-bearing positions for the rabbit knee.
For each of these three positions, the center of the
tibio-femoral contact location in the MFC was marked
using a 1.25-mm K-wires, which was pierced in a retro-
grade fashion through the proximal tibia (Figure 2A).

Volume 33 197



Y. Tochigi, J. A. Buckwalter, T. D. Brown

Cranial
half

Caudal
half

Figure 2. A) Definition of knee flexion angle in the present cadaver demonstration setting. B) Mediolateral view of the rabbit medial femoral
condyle, on which the center-of-contact locations at 160°, 135°, and at 90° of knee flexion were indicated using metallic pins. C) Superior
view of the proximal tibia after disarticulation. The opening of the tibial tunnel (white arrow) is accurately positioned at the center of the medial
tibial plateau (at which articular cartilage is uncovered by the meniscus). D) Anterior limit of posterior perpendicular access. E) Posterior

limit of posterior perpendicular access.

For accurate pin positioning, a double trocar-tipped K-
wire was pierced from proximal to distal into the center
of the medial plateau (at which the tibial surface was
uncovered by the meniscus, Figure 2C) while visual-
izing the insertion point by internally rotating the tibia.
In addition, perpendicular access to the medial femoral
condyle surface, both anteriorly and posteriorly to the
proximal tibia, was simulated using a 2-mm dermal bi-
opsy punch (Figures 2D and 2E), and medial-to-lateral
digital photographs were taken at the most posterior
position accessible from anteriorly and the most anterior
position accessible from posteriorly. The joint was then
disarticulated by transecting all knee ligaments, and
the tibia was removed. Finally, the anterior-posterior
distribution of the three above-noted bone holes (marked

198  The Iowa Orthopaedic Journal

by inserting K-wires) was recorded, again by means of
digital photographs (Figure 2B).

RESULTS

In the literature review (Table 1), a total of 31 pa-
pers™ were found to meet the above-noted criteria.
Of these, the vast majority (28 of 31, > 90%)7-11.13.1528,30-57
utilized anterior approaches to access the MFC surface.
More than half (17 of 28) of these anterior approach stud-
ieS7,8,10,11,16—19,21,23,25,27,32-34,36,37 regarded the Site Of the eXperi—
mental insult as being in the weight-bearing region. The
insult site through anterior approach (when identified
in figures) was located in the cranial half region of the
MFC surface (Figure 2B) in all cases™!1:131524,26:28,30,52:36
Posterior approaches were utilized in only three stud-
ies?42 one of which was from our group.
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In the cadaver demonstration, the tibio-femoral con-
tact locations on the MFC surface at the representative
habitual weight-bearing knee flexion positions (indicated
by the pins in Figure 2B) were distributed only within
the caudal half region. When using a dermal punch
to access the MFC surface from posteriorly to the
tibia (Figure 2D), perpendicular apposition was feasible
across almost the entire habitual contact region. By
contrast, using anterior access, the dermal punch could
only reach the boundary between the cranial and caudal
halves (Figure 2E).

DISCUSSION

The literature review documents that the cranial half
region (inferior aspect) of the rabbit MFC surface has
most commonly been regarded as a high weight-bearing
region. However, cadaverically, it is evident that the
primary (habitual) weight-bearing region lies mostly
within the condyle’s caudal half region (posterior aspect).
Presumably, investigators tend to regard the cranial half
region as the “primary weight-bearing” because this
is the corresponding region in the human knee MFC
during bipedal gait. However, given the substantial dif-
ference in posture during gait, it is reasonable that the
tibio-femoral contact characteristics in the rabbit knee
are very different from those in the human knee. It
is also evident that the center of contact in the rabbit
MFC surface is accessible only from posteriorly. These
facts need to be recognized when designing studies that
involve perpendicular-access survival insults to weight-
bearing cartilage in the rabbit knee. And, these same
factors should be considered when interpreting results
from studies which used anterior access.

The above cadaveric demonstration is intended only
for illustrative purposes, rather than to provide formal
quantitative information as to whether or not a specific
insult technique would permit reproducible experimental
insult to the primary weight-bearing region of the rabbit
MFC surface. However, it is obvious that the posterior
approach provides better accessibility to the center of
primary weight-bearing region'*, while leaving all ma-
jor joint stabilizing structures (including the extensor
mechanisms) uninjured. For future survival rabbit knee
model studies that involve surgical insult to the MFC
surface to study the pathomechanisms of OA associated
with habitual cartilage loading, or to address the efficacy
of cartilage repair methods in a clinically relevant experi-
mental setting, using a posterior approach rather than
an anterior approach is highly recommended.
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