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Abstract

Objective—The objective of this exploratory study was to evaluate tibiofemoral joint contact
point excursions and velocities during downhill gait and assess the relationship between
tibiofemoral joint contact mechanics with frontal-plane knee joint motion and lower extremity
muscle weakness in patients with knee osteoarthritis (OA).

Methods—Dynamic stereo X-ray was used to quantify tibiofemoral joint contact mechanics and
frontal-plane motion during the loading response phase of downhill gait in 11 patients with knee
OA and 11 control volunteers. Quantitative testing of the quadriceps and the hip abductor muscles
was also performed. Group differences in contact mechanics and frontal-plane motion excursions
were compared using analysis of covariance with adjustments for body mass index. Differences in
strength were compared using independent sample t-tests. Additionally, linear associations
between contact mechanics with frontal-plane knee motion and muscle strength were evaluated
using Pearson's correlation coefficients.
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Results—Patients with knee OA demonstrated larger medial/lateral joint contact point excursions
(p<0.02) and greater heel-strike joint contact point velocities (p<0.05) for the medial and lateral
compartments compared to the control group. The peak medial/lateral joint contact point velocity
of the medial compartment was also greater for patients with knee OA compared to their control
counterparts (p=0.02). Additionally, patients with knee OA demonstrated significantly increased
frontal-plane varus motion excursions (p<0.01) and greater quadriceps and hip abductor muscle
weakness (p=0.03). In general, increased joint contact point excursions and velocities in patients
with knee OA were linearly associated with greater frontal-plane varus motion excursions
(p<0.04) but not with quadriceps or hip abductor strength.

Conclusion—Altered contact mechanics in patients with knee OA may be related to
compromised frontal-plane joint stability but not with deficits in muscle strength.

Keywords
Kinematics; Contact mechanics; Instability; Quadriceps; Hip Abductors

1. Introduction

An accumulating body of scientific evidence suggests that altered gait mechanics may play a
role in onset and progression of knee osteoarthritis (OA).1: 2 To this end, Andriacchi and
colleagues? have previously proposed that the mechanical breakdown of the articular
cartilage may be the result of abnormal motions that shift the joint contact point to
infrequently loaded areas of the knee joint. Shifts in the areas of load-bearing to regions in
the cartilage that have not adapted to the high customary loads of daily activities can cause
surface-zone fibrillations and loss of articular cartilage surface lubrication which can lead to
increased friction and large tangential shear stresses.3 In response to the elevated shear
stress, chondrocytes production of catabolic mediators is upregulated, leading to greater
matrix damage and a progressive cascade of cartilage loss.* ® Once the OA sequence has
begun, the articulating surfaces respond negatively to the cyclical ambulatory compressive
loads and shear stresses which lead to further cartilage degradation and disease progression.3
To date, evidence in support of altered knee joint contact patterns during gait in patients with
knee OA remains scant due to the technical challenges associated with direct evaluation of
in-vivo knee contact mechanics.

Altered patterns of knee joint contact during gait in patients with knee OA could
theoretically occur due to age-associated changes in the musculoskeletal system such as
deficits in lower extremity muscle strength and/or presence of joint instability. Muscles of
the lower extremity have been indicated to play a critical role in the preservation of normal
knee joint function by providing dynamic knee joint stability and shock absorption, while
maintaining safe transfer of forces across the joint.8: 7 As such, weakness of the quadriceps
muscle has long been considered as a strong risk factor for onset®10 and progression!! of
knee OA. More recently, increasing research evidence indicate that the commonly observed
impairments of the hip abductor musculature can also contribute to the pathomechanics of
knee OA2-15 and a greater likelihood of disease progression.1® However, reports from
randomized clinical trials of quadriceps and hip abductor muscle strengthening suggest that
despite improvements in pain and function, stronger quadriceps or hip abductor muscles do
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not reduce the ambulatory compressive loads often associated with the pathomechanics of
knee OA.13.17-20 Therefore, the mechanism(s) by which stronger muscles contribute to the
reported clinical improvements in pain and function after muscle strengthening remains
unclear.

A potential hypothesis related to the role of stronger muscles in providing clinical benefits
for patients with knee OA may be through providing increased dynamic knee joint stability
to compensate for the previously reported increases in knee joint laxity in arthritic

knees.21: 22 |n support of this notion, recent evidence suggests that lower extremity muscle
weakness may be associated with self-reports of knee joint instability in patients with knee
OA.23: 24 Knee joint instability can be mechanically defined as increased total motion or
high velocity displacements and rotations of the tibia with respect to the femur in arthritic
compared to healthy knees and has been linked to altered gait mechanics in patients with
knee OA.21 Given that healthy knees move through minimal amounts of frontal-plane knee
joint motion during weightbearing,2> 26 increased varus/valgus motion of the knee joint
during gait has been suggested as a potential sign of compromised knee joint stability.2”
Increased varus/valgus motion could contribute to the etiology of knee OA by shifting the
location and movements of the tibiofemoral joint contact points, thus altering the patterns of
knee joint loading. To date, evidence in support of the associations between increased varus/
valgus knee joint motion and altered joint contact patterns in patients with knee OA remains
limited.

The primary purpose of this study was to evaluate the differences in tibiofemoral joint
contact point excursions and velocities between patients with knee OA compared to a
control group of older adults without knee OA during the loading response phase of
downhill gait. Downhill gait was selected as a frequently reported problematic task in
patients with knee OA that challenges both knee stability and lower extremity muscle
strength. Additionally, the secondary aim of this study was to assess the linear association
between knee joint contact point excursions and velocities with frontal-plane varus/valgus
knee joint motion excursions and quadriceps and hip abductor muscle strength in patients
with knee OA. It was hypothesized that compared to the control group, patients with knee
OA would demonstrate evidence of greater and more abrupt tibiofemoral joint contact point
motion during the loading response phase of downhill gait that are associated with increased
varus/valgus motion excursions and quadriceps and hip abductor muscle weakness.

2. Materials and Methods
2.1. Subjects

Eleven patients with symptomatic, medial compartment knee OA participated in this study.
All knee OA patients met the American College of Rheumatology classification criteria for
knee OA28 and demonstrated primary medial compartment radiographic knee OA of at least
grade Il or higher according to the Kellgren and Lawrence radiographic severity rating
scale.29 A control group of 11 older adults without radiographic evidence of knee OA was
recruited to undergo identical testing to the knee OA group. Participants were excluded,
regardless of group designation, if they had a past history of traumatic knee injury or knee
surgery, lower extremity total joint arthroplasty or if they required use of an assistive device
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or a rest period to walk a distance of 30.5 meters (100 feet). All participants were informed
as to the nature of the study and signed an informed consent form approved by the
Institutional Review Board of the University of Pittsburgh.

2.2. Dynamic Stereo X-ray Testing Procedures

Dynamic Stereo X-ray (DSX) methods were used to quantify 3-dimensional (3D)
tibiofemoral joint kinematics from biplane radiographic images. The biplane X-ray system
contained two X-ray gantries that were configured with their beam paths intersecting at 60°
in a plane parallel to the floor. Each gantry contained a 100 kW pulsed X-ray generator
(CPX 3100CV, EMD Technologies, Quebec, Canada), a 40 cm image intensifier (Thales,
Neuilly-sur-Seine, France), and a high-speed 4 megapixel digital video camera (Phantom
v10, Vision Research, Wayne, New Jersey, USA). The X-ray generators were customized to
provide short-duration pulses at very high repetition rates. For the current study, radiographs
were generated with a 1ms pulse width at 100 Hz, with a maximum radiographic protocol of
90 kVp/200 mA and a 1 second collection time (100 ms total x-ray exposure) per trial.

Participants' knees were imaged during a downhill gait condition (7% grade, 0.75 m/s) on an
instrumented treadmill (Bertec Corp., Columbus, OH, USA). The decision to use a downhill
gait condition was made based on our previous clinical experience with patients with knee
OA who reported frequent difficulty and pain while walking downhill. To this end, downhill
walking has been suggested to be more demanding on the knee joint compared to level gait,
as it leads to significant increases in knee flexion angle, vertical ground reaction force and
knee joint moments.30-33 Given that downhill walking also challenges knee joint stability
and lower extremity muscle strength,3L: 34 it represents a reasonable model for assessing
knee joint biomechanics during high-demanding daily tasks such as going up or down
stairs.3® Additionally, a relatively slow gait velocity of 0.75 m/s was chosen for our
experimental set up based on the result of our pilot testing demonstrating that most patients
with knee OA were unable to walk downhill at higher speeds.

Participants were positioned on a treadmill within the biplane X-ray system so that the knee
of interest would remain in the system's 3D imaging volume throughout the loading
response phase of gait. Loading response was selected as a critical time period associated
with high demands on the knee joint and reports of dynamic alignment change in patients
with knee OA.36: 37 For participants with knee OA, the knee in which they reported
symptoms or the most painful knee in bilateral cases was designated as the test knee. For
control participants, the knee from the dominant lower limb was designated as the test knee.
For each subject, data was collected for 3 individual gait trials and averaged for statistical
analysis. For each trial, the X-ray system was triggered manually prior to heel contact to
record a 200ms time period. The loading response phase was then defined as the first 20% of
the stance phase of gait after heel contact, determined from the vertical ground reaction
force profile.38

2.3. Quantification of Knee Joint Motion

All participants also underwent computed tomography (CT) imaging of the tibiofemoral
joint of interest. The CT field of view was approximately 28 x 28 cm, slice thickness ranged
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from 0.6 to 1.25 mm, and in-plane resolution was approximately 0.55 mm per pixel. Single
slices through the center of the femoral head and tibial plafond were acquired during the
same scan to determine the mechanical axis of the lower extremity. The tibia and femur were
manually segmented from the CT images and custom software was used to perform feature-
based interpolation to create 3D bone models.3® A model-based tracking algorithm was then
employed to determine 3D joint motion by matching the radiographic images with
projections through the 3D volumetric bone models.40

Local coordinate systems aligned with anatomic axes were established for the tibia and the
femur using the patient-specific 3-D bone models generated from CT scans as previously
described.39: 41 For the femur, spheres were fitted to the medial and lateral femoral condyles.
The medial/lateral femoral axis (y-axis) was defined in the direction of the line connecting
the centers of the spheres, and the midpoint of this line was defined as the origin of the
femoral coordinate system. The anterior/posterior femoral axis (x-axis) was calculated from
the cross-product of the y-axis with a vector from the origin to the center of the femoral
head. The proximal/distal axis (z-axis) was determined using the cross-product of the x- and
y-axes. The medial/lateral tibial axis (y-axis) was defined along the line connecting the most
medial and lateral points of the tibial plateau. The origin of the tibial coordinate system was
established at the midpoint of this line. The anterior/posterior axis (x-axis) was calculated
from the cross-product between the y-axis and a vector connecting the origin to the center of
the tibia plafond. The proximal/distal axis (z-axis) of the tibia was determined from the
cross-product of the x- and y-axes.

The body-fixed rotation angles of the tibial anatomical coordinate system relative to the
femoral anatomical coordinate system were calculated for each motion frame with neutral
rotations (zero values) as the position where the tibia and femoral coordinate systems were
aligned. Using this convention, varus/valgus motion occurred about a floating intermediate
axis mutually perpendicular to the y-axis defined by the medial and lateral femoral condyles
and the z-axis along the anatomically-defined long axis of the tibia.3° The resulting angles
corresponded to the rotational components of the joint coordinate system described by
Grood and Suntay.*2 This experimental approach has shown to have excellent accuracy in
terms of measurement bias of 0.11° and measurement precision of 0.31° for varus/valgus
rotations.%0 Varus/valgus rotation excursions were then computed by subtracting the
minimum from the maximum frontal-plane joint angles during the loading response phase of
gait. The kinematic data were filtered using a 4th order low-pass butterworth filter at 10 Hz.

The location of the joint contact points were estimated using the distance-weighted centroid
of the region of closest proximity between the bony surfaces in both the medial and lateral
tibiofemoral joint compartments as previously described.3 Briefly, 3D wireframe meshes
were generated from the subchondral bone regions of the tibial and femoral medial and
lateral compartment articulating regions, using subject-specific CT scans. The center and
area of each triangular mesh element were calculated for each bone surface triangle, and the
distance between each surface element and all opposing bone surface elements was then
determined for each frame of data. The minimum distances to the opposing bone for each
surface element were combined to create overall minimum distance maps for each motion
frame. To determine estimated contact points, distance and area-weighted centroids were
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calculated from the elements making up the closest 200 mm? area of the medial and lateral
tibial surfaces for each motion frame. The resulting joint contact points were expressed in
the tibial coordinate system with its origin at the center of the tibial plateau. Anterior/
posterior and medial/lateral contact point excursions were computed by subtracting the
minimum from the maximum contact point position across all frames (Figure 1). Joint
contact point velocities, being the first derivative of the linear joint contact point
displacements, were derived from the difference of the contact point position between two
consecutive data points divided by the corresponding time interval.

2.4. Muscle Strength Testing Procedures

Muscle force was measured isometrically using a force dynamometer (Nicholas MMT,
Lafayette Instruments, Lafayette, USA). A non-elastic adjustable strap was used to firmly
hold the dynamometer stationary at a fixed distance for the participant to push against. The
quadriceps muscle was tested with the participant in a seated position, with the hip at 90
degrees of flexion and the knee positioned at an angle of 60 degrees of flexion. The
dynamometer was positioned distally over the anterior surface of the tibia at a distance of 30
cm from the knee joint line. Hip abductor strength was tested with the participant in
sidelying and the hip joint positioned in neutral (i.e. no rotation in any plane) and the
dynamometer placed over the lateral aspect of the thigh at a distance of 25 cm distal to the
greater trochanter. Each participant performed 3 repetitions of each test with 30 seconds of
rest allowed between each muscle contraction. The mean force of the three strength
measurements was converted to torque by multiplying the mean force output by the
resistance lever arm and then normalized by dividing it by the subject's body mass. A single
investigator performed all strength measurements. To determine whether reliable data could
be obtained, all strength measurements were repeated on 5 volunteers on 2 separate days at
least 7 days apart. This procedure generated an intraclass correlation coefficient (ICC) of
0.96 for strength testing of the quadriceps and 0.95 for the hip abductors.

2.5. Statistical Analysis

Group means and standard deviations for demographics and weight-normalized muscle
strength measurements were compared using independent sample t-tests for continuous
variables and chi-square test for categorical variables. Analysis of covariance was used to
evaluate the differences in joint contact positions/excursions and frontal-plane knee joint
angles/motion excursions between groups while adjusting for variations in body mass index
(BMI). In addition, the correlations between knee joint contact motion excursions and
velocities with frontal-plane knee varus/valgus motion excursion and quadriceps/hip
abductor muscle strength within each group were determined using Pearson's correlation
coefficients. Given that the current exploratory study was observational and non-
confirmatory in nature, corrections for multiple comparisons were not performed. While p-
value adjustments for multiple comparisons are often necessary in order to reduce the
probability of making type I errors in confirmatory studies when a final conclusion or
decision needs to be reached, adjustments for multiple comparisons in observational studies
increase the chance of making type Il errors that may prevent exploring potentially
meaningful leads and may not be appropriate.*4 45 All statistical analyses were performed
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using a two-tailed significant level of p<0.05 in STATA version 11.2 (StataCorp, College
Station, TX).

3. Results

3.1. Demographics

There were no statistically significant differences in terms of age, gender, height, and body
weight between groups (Table 1). However, BMI was found to be significantly higher in the
knee OA group compared to the control group (mean difference of 5.8 kg/m?2; p=0.004).

3.2. Contact Positions, Excursions, and Velocities

No significant group differences were observed for the AP or ML positions of the joint
contact point at the time of heel strike or the peak AP or ML positions during the entire
loading response phase of gait for either the medial or lateral compartments (Table 2).
Compared to the control group, the knee OA group demonstrated significantly longer
medial/lateral joint contact point excursions for both the medial and the lateral
compartments (P<0.02; Table 3; Figure 2). The peak medial/lateral contact point velocity
was also significantly greater for the medial compartment (P=0.02) in the knee OA group
compared to the controls but the group differences for the lateral compartment did not reach
statistical significance (P=0.06; Table 3). In addition, the knee OA group demonstrated
significant increases in their heel-strike joint contact point velocity for both medial (P=0.04)
and lateral (P<0.05) tibiofemoral compartments compared to their control counterparts
(Table 3).

3.3. Knee Varus/Valgus Motion Excursion

Patients with knee OA demonstrated greater frontal-plane knee varus motion excursions
compared to the control group (P<0.01; Table 4). However, the varus/valgus angles at the
time of heel-strike or the peak varus/valgus angles during the entire loading response phase
of gait were not different between groups. Correlation analysis revealed non-significant
linear associations between frontal-plane varus motion excursion with medial and lateral
compartment joint contact point excursions/velocities in the control group (Table 5). On the
other hand, a linear positive association was observed between greater frontal-plane knee
varus motion excursion with longer medial compartment medial/lateral contact point
excursion (r=0.646; P=0.03) and higher medial compartment peak medial/lateral contact
point velocity (r=0.628; P=0.04) in the knee OA group. Additionally, greater knee varus
motion excursion was also linearly associated with higher lateral compartment contact point
velocity at heel-strike (r=0.624; P=0.04) and higher lateral compartment peak medial/lateral
contact point velocity (r=0.638; P=0.03) in the knee OA group.

3.4. Quadriceps and Hip Abductor Strength

Patients with knee OA demonstrated significant quadriceps and hip abductor muscle
weakness (P=0.03) compared to the control group (Table 4). Correlation analysis revealed
no significant linear associations between medial or lateral compartment contact point
excursions or velocities and quadriceps or hip abductor muscle strength in the control group
(Table 5). In addition, no significant linear associations were observed between medial
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compartment contact point excursions or velocities and quadriceps or hip abductor muscle
strength in the knee OA group. However, statistically significant linear associations were
observed in the knee OA group between greater quadriceps strength and longer lateral
compartment anterior/posterior contact point excursion (r=0.786; P<0.01), lateral
compartment contact point velocity at heel-strike (r=0.724; P=0.01), and lateral
compartment peak anterior/posterior contact point velocity (r=0.779; P<0.01). No significant
linear associations were observed between hip abductor muscle strength and lateral
compartment contact mechanics in the knee OA group.

4. Discussion

The hypothesis that patients with knee OA demonstrate altered knee joint contact mechanics
during downhill gait was supported by the data. Overall, patients with knee OA had
significantly longer medial/lateral joint contact point excursions (figure 2) and greater peak
medial/lateral joint contact point velocities for both the medial and lateral tibiofemoral
compartments compared to their control counterparts. Knee OA patients also demonstrated a
significant increase in their medial and lateral compartment joint contact point velocities
after heel-strike. The greater and more abrupt movements of the tibiofemoral joint contact
point observed in patients with OA compared to the control group is suggestive of dynamic
knee joint instability and may represent the inability of the tibiofemoral joint to adequately
handle the high demands placed on the knee joint during a task such as downhill walking.

Frank and colleagues? previously reported an association between increased medial/lateral
knee joint translations during the mid-stance phase of gait with cartilage and bone damage in
unstable sheep knees 20-weeks after anterior cruciate ligament (ACL)/medial collateral
ligament transection. Anderst and colleagues* also reported that increased velocity of the
medial compartment joint contact point in the early stance phase of running is associated
with greater medial compartment cartilage damage in unstable canine knees after 2 years.
The findings from the above animal studies are relevant to the current study in that similar
alterations in knee joint contact point translations and velocities are observed in our cohort
of patients with knee OA. Additionally, greater knee joint translations and velocities have
also been previously reported for patients with knee OA and self-reported episodic knee
joint instability, providing further evidence for presence of mechanical instability at the level
of the joint surfaces in patients with knee OA.48 It is plausible that the increased frictional
forces*® and elevated contact and shear stresses#®: 50 previously associated with greater
excursions and higher velocities of sliding joint surfaces could facilitate further cartilage
damage in unstable joints of patients with knee OA when they are involved in high
demanding functional tasks.

The results of our study also suggest that patients with knee OA move through greater
degrees of frontal-plane knee varus motion excursion during the loading response phase of
downhill gait compared to their control counterparts. Increased frontal-plane knee joint
instability has been previously linked with development and progression of knee OA after
meniscectomy and medial collateral ligament tears.51: 52 Previous reports of greater frontal
plane knee joint motion due to laxity in the uninvolved knees of patients with OA and as a
function of aging further support the concept that greater varus/valgus maotion is not merely
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a consequence of pathologic changes that develop at later stages of disease but rather an
important risk factor for disease development and progression.2? It is likely that greater
varus excursions in patients with knee OA could lead to more rapid medial/lateral
translations of the joint contact points and increase the magnitude of contact forces and shift
the load-bearing areas of the joint to cartilage regions that have not adapted to the high
customary loads of daily activities to cause greater symptoms and further joint damage. To
this end, the use of knee bracing®3: > and laterally- wedged shoe insoles®® 56 have shown to
effectively limit the frontal-plane motion and medial/lateral excursions of the knee joint
during weightbearing along with improvements in pain and function. Although it is logical
to assume that these treatment options may also be effective in limiting knee joint contact
extrusions and velocities in patients with OA, this assertion should be formally investigated
in future studies. Additionally, it has been reported that individuals with medial knee OA
attempt to stabilize their knees with greater co-contraction of the muscles that cross the knee
joint.57-59 However, such strategy is undesirable as it could contribute to higher joint
compression and faster progression of the OA disease process.

Knee OA patients in our study also demonstrated significant quadriceps and hip abductor
muscle strength deficits compared to their control counterparts. However, our hypothesis
that better quadriceps and hip abductor muscles strength will be linearly associated with
reduced joint contact point excursions and velocities was not supported by the data. This
finding is consistent with previous reports from clinical trials in that greater peak quadriceps
or hip abductor muscle strength may not necessarily translate to improvements in the local
mechanical environment of the knee joint.13: 17-20 Therefore, strategies geared towards
strength maximization of the quadriceps and hip abductor muscles may not provide better
dynamic knee joint stability or improved joint contact mechanics in patients with medial
compartment disease. Given that the quadriceps and the hip abductor muscles represent the
two most commonly targeted muscle groups for rehabilitation of patients with knee OA, our
findings have potential clinical implications as conventional exercise regimens
recommended for treatment of knee OA are heavily focused on isolated quadriceps and hip
abductor muscle strengthening.

An interesting finding of our study was the observed positive linear associations between
quadriceps muscle strength and longer lateral compartment anterior/posterior joint contact
point excursions and velocities in the OA group (Table 5). This finding may relate to
previously reported increases in knee joint laxity in the anterior/posterior direction in OA
knees,50 to the point where the anterior pull of a stronger quadriceps contraction at the
muscle's tibial insertion could lead to greater and more rapid anterior/posterior joint contact
point translations. This observation raises the possibility that the clinical effect of quadriceps
strengthening interventions in patients with knee OA may be improved by considering the
status of the passive restraint system of the knee joint as previously suggested.51
Alternatively, it could also be argued that knee OA patients with greater quadriceps strength
may have moved through greater knee flexion range of motion which could subsequently
result in greater anterior/posterior joint contact point excursions. However, a closer
inspection of our data revealed that although the control subjects in our study moved through
a greater knee flexion excursion during the loading response phase of downhill gait (control
=9.5° £ 4.4° versus knee OA = 6.8° + 4.1°), their greater quadriceps strength (Table 4) was
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not associated with increased anterior/posterior contact point excursions (Table 5). It is
likely that the adequate joint stability provided by the intact passive restraint system in a
healthy knee allows for proper functioning of stronger quadriceps muscles within the knee
joint's physiologic range of motion.

Although muscle strength was not linearly associated with joint contact excursions and
velocities in patients with knee OA in our study, the potential influence of lower extremity
muscles on knee joint mechanics during gait could not be completely ruled out. For
example, promoting more synergistic muscle activity through neuromuscular training aimed
at improving timing and coordination of the lower extremity muscle contractions may be
beneficial in patients with knee OA for achieving better knee joint stability, decreased
muscle co-contraction, and reduced joint shear and compressive forces. To this end,
promising results have been reported for the effectiveness of neuromuscular training
programs that include balance, perturbation, agility, plyometrics, endurance and functional
activity training in providing better joint biomechanics and stability in young athletes at risk
for ACL injury.82-85 Gait modification strategies aimed at improving dynamic lower
extremity alignment have also shown to effectively reduce the knee adduction moment,
which is commonly used as a surrogate measure of medial compartment joint loading,
through systematic neuromuscular training with the use of feedback in healthy participants
with and without knee varus deformity.%6: 67 More recently, several randomized controlled
trails have reported on the feasibility of implementing neuromuscular training programs for
patients with knee OA,%870 however whether such programs can improve joint contact
mechanics still remains unknown. Also, given that we only considered the possibility of
linear associations, non-linear associations between muscle strength and joint contact
excursions and velocities may exist that were not explored in the current study. Therefore,
future research is warranted to provide additional information regarding the overall role of
lower extremity muscles in influencing knee contact mechanics in patients with knee OA.

The results of our study should be considered in light of a number of limitations. First, we
acknowledge the potential limitations of the small sample size used in this investigation. The
addition of more subjects would have improved the power of the study and may have
identified additional differences between groups. Second, the locations of the tibiofemoral
joint contact points were determined using the distance-weighted centroid of the region of
closest proximity on the subchondral bone surfaces obtained from CT images, which does
not take into consideration the irregularities of the articular cartilage thickness or
degeneration of the meniscus. However, it was previously demonstrated that the anterior/
posterior and medial/lateral excursions of the joint contact points determined using the
aforementioned method were not significantly different between participants with distinctly
different radiographic knee OA severity which takes into account loss of joint space.*8 We
also chose to investigate the influence of the two most commonly studied lower extremity
muscle groups (i.e. quadriceps and hip abductors) related to the pathomechanics of knee OA.
We acknowledge that there are other lower extremity muscle groups that may influence knee
joint kinematics and contact mechanics during ambulation which may warrant further
investigation in this patient population. Finally, we did not evaluate passive knee joint laxity
as a part of our study. Therefore, the influence of passive knee joint laxity on the observed
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differences in knee joint contact mechanics could not be determined and should be
investigated in the future.

5. Conclusions

The findings from this preliminary investigation demonstrate that increased frontal-plane
varus knee joint excursion may be related to greater and more abrupt motion of the knee
joint articulating surfaces in patients with knee OA. Deficits in quadriceps and hip abductor
muscle strength, however, did not seem to influence the contact mechanics of the knee joint
in patients with medial compartment knee OA. Verification of these results with larger
sample sizes along with longitudinal observations of the impact of altered joint mechanics
on knee OA progression should be further considered in future research.
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Highlights

Knee kinematics & muscle strength were examined in patients with
osteoarthritis.

Joint contact during downhill gait was assessed using Dynamic stereo x-ray
methods.

Patients with osteoarthritis had increased knee contact point excursion &
velocity.

Altered knee contact patterns were associated with increased varus knee motion.

However, muscle weakness was not associated with altered knee joint contact.
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Posterior

‘ Lateral

Anterior

Figure 1.
A representative pattern of knee joint contact point excursions. The anteroposterior (AP) and

mediolateral (ML) tibiofemoral contact point excursions over the tibial plateau were
computed by subtracting the minimum from the maximum contact point positions across all
frames during the loading response phase of downhill gait.
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A) Control B) Knee OA

Anterior Anterior

Lateral (-I-)Medial /,{ Lateral (-I-)Medial
Posterior Posterior

Figure 2.
Representative tibiofemoral joint contact profiles of a control knee (A) and a knee with

osteoarthritis (B).
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Subject characteristics.

Table 1

Control (n=11)

Knee OA (n=11)

Significance (P-value)

Age (years) 67.5%£5.0
Female (%) 54.5%
Height (cm) 177.2412.7
Weight (m) 77.3%£12.1
Body Mass Index (kg/m?) 24.6+2.6

69.6+8.0
72.1%
168.4+8.5
85.8+14.2
30.4+5.3

0.47
0.38
0.07
0.15
<0.01

All values are expressed as mean + standard deviations unless otherwise indicated. OA = Osteoarthritis.
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