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INTRODUCTION:

Mechanical factors play an important role in the etiology of knee joint
injuries and diseases. Understanding the mechanical response of the
knee joint in normal and pathological conditions is essential in
prevention and effective treatment management of observed injuries.
The response of the human knee joint has long been recognized to be
viscoelastic. Efforts to measure the knee joint viscoelastic properties
have mainly been limited to characterize its constituents in isolation (i.e.,
cartilage, ligaments, and menisci). However, few studies have
considered the viscoelastic behaviour of the entire knee joint in
compression (weight bearing direction). Understanding the viscoelastic
response of the whole knee joint is essential in many applications such
as design and development of joint simulators, artificial knee joints, and
verification of mathematical models for prediction of joint response
under transient loadings. Therefore, the objective of this study was to
measure the creep and relaxation properties of the entire passive knee
joint at two flexion angles. The effect of the presence of menisci was
also investigated.

METHODS:

Six female human knee cadavers (60-70 years old) were used in this
study. Each joint was removed by carrying out osteotomies through the
tibia, 10 cm below the knee, and the femur, 10 cm above the knee. The
specimens were then installed in an Instron (8511) Mechanical Test
System and tested in creep and relaxation (Fig.1). Using a slide/bearing
assembly at the bottom fixture, under applied axial (z-direction)
compression, the joint could freely align itself in a natural articular
configuration by allowing axial rotation and x-y translations. The first
series of tests were performed on intact joints at two flexion angles of 0°
(Full extension; Condition 1: Intact full), and 25° (Condition 2: Intact
flex). The tests were then repeated respectively after bilateral
meniscectomy (Condition 3: Men full) and (Condition 4: Men flex).
Creep tests were first performed under step loads of 400, 800, and 1200
N with 500 ms second rising time and 5 minutes duration, making three
loading sets for each joint condition. The creep values (mm) at the
steady state condition (~5 min) were then recorded. In relaxation tests an
axial displacement of dy, =1.5 mm was randomly applied at three
different rates of 0.15 mm/s (slow), 1.5 mm/s (medium) and 7.5 mm/s
(fast). The variation of load from initial transient Pp. (t = 0) to the
relaxed equilibrium load Py (t = ~5 min) were recorded. The relaxed
stiffness (P / do ) and load decay (Pmax / Pr) Of each specimen at
different loading rates were then measured. Before each test, specimens
were conditioned by a 15 min recovery time and cyclic preconditioning.
The creep and relaxation response of different loading sets at various
joint conditions were compared using analysis of variance (ANOVA)
with a significance level of p<0.05 followed by Tukey’s multiple
comparison test.

RESULTS:

Within the loading sets for each joint condition, there were significant
increases (p<0.05) in creep values with the creep load magnitude
increasing from 400N to 1200 N (Fig. 2). Comparison among different
joint conditions, the meniscectomized flexed joint (Men flex), had the
highest creep values (p<0.05) at all the loading conditions compared to
those of the other joint conditions. As shown in fig. 3, within all the joint
conditions, the load decay value increased by increasing the loading rate
from slow to fast (p<0.05). In this case, knee flexion (conditions 2 and
4) caused significant decreases in load decay compared to those of full
extension (conditions 1 and 3) (p<0.05). There were no significant
changes in relaxed stiffness with the loading rate within each joint
condition. However, the relaxed stiffness values of the Intact full
extension (Intact full) loading groups were the highest and those of the
meniscectomized flexed (Men flex) were the lowest (p<0.05) (Figure not
shown).

DISCUSSION:
The results of this study indicated that the knee joint viscoelastic
response altered significantly with different loading, pathological, and

kinematics conditions. There was a trend to an increase in creep
response when the joint condition deviated from its initial intact
condition at full extension (Fig. 2). Joint flexion reduced load decay of
both intact and meniscectomized joints compared to those in full
extension (Fig. 3). Compared to an intact joint in full extension,
meniscectomy and knee flexion reduced joint stiffness. The results also
indicated that relaxation and creep responses of the knee joint depend on
loading magnitude and displacement rate respectively. This study shed
new light on the knee joint transient response to compressive loading as
it relates to measurements of the joint viscoelastic properties at different
loading, pathological, and kinematic conditions.
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Fig. 2. Comparison of creep values. Groups and conditions marked with
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Fig. 3. Comparison of load decay values. Groups and conditions marked
with different symbols (*, #, +, X) are significantly different (p<0.05)
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