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Abstract
This paper describes the design, evaluation, and preliminary results of a specialized testing device
and surgical protocol to determine translational stiffness of a rabbit knee, replicating the clinical
anterior drawer test. Coronal-plane transverse pins are inserted through the rabbit leg, two in the tibia
and one in the distal femur, to hold and reproducibly position the leg in the device for tests at multiple
time points. A linear stepper motor draws the tibia upward then returns to the home position, and a
load cell measures the resisting force; force-displacement knee stiffness is then calculated. Initial
evaluation of this testing device determined the effects of preconditioning, intra-operator
repeatability, rabbit-to-rabbit variability, knee flexion angle (90° vs. 135°), and anterior cruciate
ligament (ACL) sectioning (0%, 25%, 50%, 75%, 100%). Knee stiffness generally decreased as ACL
sectioning increased. This testing device and surgical protocol provide an objective and efficient
method of determining translational rabbit knee stiffness in vivo, and are being used in an ongoing
study to evaluate the effect of knee instability (via partial to complete ACL sectioning) on the
development of post-traumatic osteoarthritis.
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Introduction
Successful orthopaedic management of articular ligamentous injuries and intra-articular
fractures, to prevent or forestall post-traumatic osteoarthritis (PTOA), depends on avoidance
of a chronic pathomechanical environment that is deleterious to articular cartilage (Honkonen,
1994; Matta, 1996; Stevens et al., 2001). Chronic pathomechanical residuals of articular
injuries include incongruity and instability. It has been proposed that instability leads to
abnormal loading on the cartilage, which leads to cartilage degradation, which then leads to
PTOA. Clinically, joint instability has consistently been observed to cause PTOA in the hip,
knee, and ankle (Delamarter et al., 1990; Lansinger et al., 1986; Letournel, 1980; Matta,
1996; Weber and Simpson, 1985; Yablon, 1989).

Instability has been defined clinically as abnormal motion under normal loading conditions
(White et al., 1975). Several animal models have demonstrated that instability leads to joint
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deterioration. For example, it has been well-established that rabbit knees subjected to complete
transection of the anterior cruciate ligament (ACL) will predictably degenerate within several
months (Chang et al., 1997; Sah et al., 1997; Yoshioka et al., 1996). However, this instability
has not been rigorously quantified. While it has been shown that grossly unstable joints usually
develop PTOA, it is plausible that lesser amounts of instability, such as what may occur from
a partial ligamentous injury, malalignment, or post-fracture incongruity, may also lead to
PTOA. Also, it is possible that below some threshold level of instability there is a reduced
chance of onset of PTOA.

To study the pathomechanical relationship between instability and PTOA, it is necessary to
characterize the relationship between severity of instability and the speed and severity of the
resulting secondary degenerative changes. Clinically, ACL injuries have been particularly
closely associated with PTOA (Daniel et al., 1994; Scavenius et al., 1999; Sommerlath et al.,
1991). We have developed a rabbit model of gradational knee instability by means of partial
to complete sectioning of the ACL. To quantify the resulting increase in joint laxity, we have
designed a specialized testing device to measure translational stiffness of the rabbit knee in
vivo. The purpose of this study was to validate this device and its corresponding surgical
protocol, and to demonstrate its use by measuring stiffness changes resulting from 0%, 25%,
50%, 75%, and 100% ACL sectioning.

Methods
The testing device was designed to measure translational stiffness in New Zealand white rabbit
knees, replicating the clinical anterior drawer test. Coronal-plane transverse pins are inserted
through the rabbit leg to hold and reproducibly position it in the device for tests at multiple
time points. Pin placement and ACL sectioning is performed in a surgical suite using inhalation
anesthesia and aseptic techniques, in accordance with our institutional animal care and use
committee (IACUC) guidelines. The testing device accommodates rabbit knee flexion angles
of 90° and 135°; these angles were chosen because 90° is a typical knee flexion angle used in
the clinical anterior drawer test, and 135° is a typical knee flexion angle for sitting rabbits.

Three coronal-plane transverse pins are inserted through the rabbit lower extremity (Figure 1).
The initial pin is inserted in the mid-coronal plane of the proximal tibia with freehand technique,
placing the pin perpendicular to the long axis of the tibia. The knee is flexed to 90° and an
orthogonal drill guide is assembled around the first pin. This drill guide is used to assure that
a second pin drilled through the distal tibia, and a third pin drilled through the distal femur, are
parallel with the initial proximal tibial pin. The pins are cut to about 10 mm on each side of
the limb, and capped with Juergens balls when the pins are not attached to the testing device.

The testing device for measuring rabbit knee joint stiffness (Figure 2) includes a main cradle
in which an anesthetized rabbit is placed on its back. The rabbit’s femur is held vertically, and
is attached to a stationary femur clamp through the femur pin. The rabbit’s tibia is attached to
a moveable tibia clamp through the two tibia pins, with the knee flexion angle set at 90° or
135°. The tibia clamp, and the tibia, are moved anteriorly by a stepper motor, and the resisting
force is measured with a load cell. Test control and data acquisition are by a user-written
LabView program running on a laptop computer (Figure 3). The testing device draws the tibia
upward at 1 mm/sec to a maximum of 3 mm or 75 N (whichever is reached first), then returns
to the home position. After the test concludes, force vs. displacement is displayed and saved
to a data file.

Translational stiffness is calculated as the secant slope between 10 N and the maximum force.
Postoperative stiffnesses are normalized to the corresponding stiffness for the intact,
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preoperative condition (with pin placement only) for each rabbit. Data are calculated and
analyzed using Excel.

Initial evaluation of this testing device determined the effects of preconditioning, intra-operator
re-positioning repeatability, and rabbit-to-rabbit variability, on the knee stiffness of rabbits in
the intact, preoperative condition. To evaluate preconditioning, ten consecutive drawer tests
were run. To evaluate intra-operator re-positioning repeatability, the operator completely
removed and replaced each rabbit in the fixture, for three testing runs.

This testing device is currently being used in an ongoing study to measure the effect of partial
to complete ACL sectioning on knee stiffness and subsequent development of osteoarthritis.
With the specimen knee hyperflexed, the ACL was isolated by lifting the distal mid-substance
anteriorly, and sectioned using a number 11 scalpel blade. The ACL was sectioned by 0%
(sham surgery, arthrotomy only), 25%, 50%, 75%, or 100%. The partial sectioning widths
(25%, 50%, 75%) were visually estimated by the surgeon, and the sectioning direction was
from the medial border of the ACL. Rabbit knee stiffness was measured before and after this
surgery. (An additional control group received no knee surgery, just surgical pin placement.)
ANOVA and Duncan’s multiple range test were used to determine statistical significance
between the ACL sectioning groups (α = 0.05).

Results
The rabbits tolerated the initial surgery and testing well. For the ongoing study, which involves
the rabbits surviving to sixteen weeks postoperatively, the animals have tolerated their pins
and resumed normal cage activity in the majority of cases. Complications to date (for a current
total of 78 rabbits) have been ten tibia fractures (12.8%), three pin-tract infections (3.8%), and
one adverse reaction to anesthesia (1.3%).

Four preconditioning cycles were generally sufficient to get repeatable results. Removing and
replacing the rabbit in the fixture had little effect on the testing results, with slope variabilities
of 4.1% and 0.9% for the 90° and 135° knee flexion angles, respectively. Intact knee stiffness
was reasonably consistent between rabbits, with slope variabilities of 24% and 25% for the
90° and 135° knee angles, respectively (n = 76).

The amount of ACL sectioning affected the knee stiffness, with stiffness generally decreasing
as the ACL sectioning increased (Figure 4). For the 90° knee angle, the 0% (sham) vs. 25%
ACL sectioning results, and the 25% vs. 50% ACL sectioning results, were not significantly
different from one another (Figure 4a). For the 135° knee angle, the 0% (sham) ACL sectioning
result was not significantly different from the 25% or 50% ACL sectioning results (Figure 4b).
Complete ACL sectioning resulted in knee stiffnesses that were an average of 42% and 53%
of the corresponding intact specimens, for the 90° and 135° knee angles respectively.

Discussion
Articular instability resulting from intra-articular fracture or ligament injury is believed to
cause abnormal kinematics, which leads to cartilage degeneration (Harrington, 1979;
Lansinger et al., 1986; Matta, 1996; Weber and Simpson, 1985; Yablon and Leach, 1989). To
evaluate the pathomechanical link between instability and PTOA, it is necessary to quantify
joint stiffness and correlate such a measure with the rate and magnitude of articular
degenerative changes.

We have designed and evaluated a testing device and surgical protocol to determine
translational stiffness of a rabbit knee, replicating the clinical anterior drawer test. Stiffness
results were reproducible, with little intra-observer variability and modest variability between
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rabbits. Destabilizing the knee by increasing the amount of ACL sectioning decreased the knee
stiffness, thus increasing knee laxity. Surgical and postoperative complications have been
minimal.

This testing device is currently being used in an ongoing study to assess the relationship
between the level of experimentally introduced knee laxity and the subsequent development
of osteoarthritis. Different degrees of knee instability are induced by partial to complete ACL
sectioning, and the resulting knee stiffness is measured post-surgery and then every four weeks
out to sixteen weeks. Changes in knee stiffness are then compared to the presence and severity
of osteoarthritic changes that have developed.

In conclusion, this testing device and surgical protocol provide an objective and efficient
method of determining translational rabbit knee stiffness in vivo. Such a device will be useful
in determining changes in knee stiffness associated with joint laxity, and will facilitate
investigations relating instability to PTOA.
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Figure 1.
Placement of two tibia pins and one femur pin in rabbit leg. The pins are subsequently cut to
about 10mm on each side of the limb. These pins are used to hold and reproducibly position
the leg in the knee testing device for tests at multiple time points.

Heiner et al. Page 6

J Biomech. Author manuscript; available in PMC 2008 January 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Heiner et al. Page 7

J Biomech. Author manuscript; available in PMC 2008 January 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
Rabbit knee testing device – a) overview, b) rabbit in place, and c) close-up of rabbit leg in
testing device. This testing device measures translational stiffness in rabbit knees, replicating
the clinical anterior drawer test. The femur is held vertically, and is attached to a stationary
femur clamp through the femur pin. The tibia is attached to a moveable tibia clamp through
the two tibia pins, with the knee flexion angle set at 90° (shown) or 135°. The tibia clamp, and
the tibia, are moved anteriorly by a stepper motor, then returned to the home position, while
force and displacement are recorded.
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Figure 3.
LabView test panel for test control, data display, and data acquisition for the rabbit knee
translational drawer test.
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Figure 4.
Effect of rabbit knee angle and % ACL sectioning on knee stiffness, for the drawer test at knee
angles of a) 90° and b) 135°. Sample size for all sectioning groups was between seven and ten.
The brackets indicate groups that were not significantly different from each other (α = 0.05).
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