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Abstract

Objective—To evaluate the association of exercise and knee-bending activities with magnetic
resonance (MR)-based knee cartilage T2 relaxation times and morphologic abnormalities in
asymptomatic subjects with and without osteoarthritis (OA) risk factors from the Osteoarthritis
Initiative.

Methods—We studied 128 subjects with knee OA risk factors and 33 normal controls aged 45—
55 years, with a body mass index of 18-27 kg/m?, and no knee pain. Subjects were categorized by
exercise level, using the leisure activity component of the Physical Activity Scale for the Elderly,
and by self-reported frequent knee-bending activities. Two radiologists graded the cartilage using
the Whole Organ MR Imaging Score (WORMS) of right knee MR images. Cartilage was
segmented and compartment specific T2 values were calculated. Statistical significance between
the exercise groups and knee-bending groups was determined using multiple linear and logistic
regression models.

Results—Among subjects with risk factors, light exercisers had lower T2 measurements than
sedentary and moderate-strenuous exercisers (p=0.001); in women, moderate-strenuous exercise
was associated with higher T2 values (p=0.001). Subjects without risk factors displayed no
significant differences in T2 values by exercise. However, frequent knee-bending activities were
associated with higher T2 values in both groups (p<0.02) and more severe cartilage lesions in the
group with risk factors (p<0.001).

Conclusions—In subjects at risk for OA, light exercise was associated with low T2
measurements, whereas moderate-strenuous exercise in women was associated with high T2
values. Higher T2 values and WORMS grades were also found in frequent knee-benders and
suggest greater cartilage degeneration in these individuals.
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Introduction

As knee osteoarthritis (OA) is progressive and no effective therapies exist to regenerate
cartilage (1), the identification of modifiable risk factors and protective factors is crucial in
the development of preventive strategies. Physical activity is one such factor, but its
association with the onset of OA remains unclear as some studies suggest a detrimental
effect on articular cartilage (2,3) while others suggest either no effect (4) or a beneficial one
(5,6).

Loading is necessary for healthy cartilage to develop and function properly (7,8), but
excessive loading may lead to cartilage deterioration over time. In addition, physical activity
may affect knee articular cartilage of asymptomatic individuals with OA risk factors —
genetic predisposition, previous knee surgery or injury (9,10) — differently from those
without risk factors. Subjects with and without risk factors have been analyzed together in a
number of the previous studies evaluating the association of physical activity and OA
development, which could, in part, explain the conflicting findings (2,5). There is a paucity
of data investigating how different levels of habitual physical activity affect knee articular
cartilage in asymptomatic subjects with OA risk factors versus those without them.

Magnetic resonance imaging (MRI) is the best imaging technique to non-invasively
visualize articular cartilage (11); therefore, it is frequently used to assess focal abnormalities
of the cartilage (12) and to evaluate cartilage volume and thickness (13,14). MRI also
provides a method to non-invasively detect and quantify the cartilage biochemical changes
that precede morphological deterioration (15-17). These early changes, which are
quantifiable through T2 relaxation time mapping, include increase of water content and
alterations in the collagen content and architecture (16,18). As T2 measurements detect the
early biochemical shifts in the cartilage matrix prior to irreversible morphologic changes, it
is a modality that may be well suited to evaluate the effects of risk factors, such as physical
activity, on cartilage health.

Using the publicly accessible data and images from the Osteoarthritis Initiative, a large NIH-
funded multicenter longitudinal cohort study of risk factors and biomarkers for the onset and
progression of knee OA, the goal of our study was to assess the cross-sectional association
of (i) exercise and (ii) knee-bending activities with knee cartilage T2 relaxation times and
morphologic abnormalities determined from knee MRIs of middle-aged, asymptomatic
subjects with and without risk factors for knee OA.

Materials and Methods

Subjects

The data used in the preparation of this article was obtained from the Osteoarthritis Initiative
(OAI) database, which is available for public access at http://www.oai.ucsf.edu/. In this
cross-sectional study, we analyzed subsets of subjects from the large incidence cohort and
the small normal control cohort. All subjects signed informed consents approved by the
local institutional review boards. Baseline clinical and image datasets 0.2.2 and 0.E.1 were
used in this study.

Subjects in the OAI incidence cohort were asymptomatic at baseline; symptomatic knee OA
was defined as frequent knee symptoms and tibiofemoral osteophytes in the same knee. But
these subjects had one or more knee OA risk factors, which included: previous knee injury
or surgery, family history of total knee replacement, Heberden’s nodes, and occasional knee
symptoms (pain, aching, or stiffness in or around the joint in the past 12 months, but not on
most days for at least one month). Although malalignment is also a known risk factor, it was
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not included because the baseline data collected by the OAI only included goniometer
alignment readings, which have been found to be inaccurate (19). Subjects in the normal
cohort were asymptomatic, had no tibiofemoral osteophytes or joint space narrowing, and
did not have OA risk factors. We selected subjects from both cohorts with (a) body mass
index (BMI) of 18-27 kg/m?, (b) baseline Western Ontario and McMaster University
(WOMAC) Osteoarthritis Index pain score of zero for both knees, (c) age range of 45-55
years, and (d) Kellgren-Lawrence grade <1. Exclusion criteria included rheumatoid arthritis,
severe knee joint space narrowing, and incomplete dataset from the OAI database.

The subjects’ physical activity levels were determined using a modified version of the
Physical Activity Scale for the Elderly (PASE). It is a well-established, reliable, validated
questionnaire that has been used to measure physical activity in individuals of similar age to
those investigated in the current study (20-22). Subjects completed the questionnaire the
same day as their MRI scan. PASE addresses 3 domains of physical activity over the
previous seven days, including leisure, household, and occupational activities. In order to
more thoroughly investigate the relationship between exercise and cartilage degeneration,
we evaluated the leisure activity component of the PASE score, which assesses the amount
of sitting, walking, light, moderate, and strenuous sport/recreation, and muscle strength
training each subject performs. Prior to our analysis, a multidisciplinary team
(musculoskeletal radiologist, Ph.D. physical therapist, and registered nurse) derived the
exercise level classification defined in Table 1. Exercise is thought to have a potentially
negative effect on knee cartilage primarily because of increased joint forces. Therefore, we
sought to compare subjects who engaged in frequent higher impact exercise (such as
running), frequent lower impact exercise (such as walking), and sedentary individuals in
order to evaluate the association of exercise and cartilage degeneration. In order to obtain a
clear depiction of this association, we intentionally excluded individuals whose exercise
levels were between these definitions, such as those who engaged in seldom high impact
exercise. Therefore, our exercise categories included E4: sedentary individuals, Ej: light
exercisers, and E3: moderate-strenuous exercisers.

After the inclusion and exclusion criteria were applied, there were 234 incidence cohort
subjects and 65 normal cohort subjects. Applying the exercise level classification, defined in
Table 1, eliminated 104 incidence and 32 normal cohort subjects. Therefore, the final study
population consisted of 128 incidence cohort subjects and 33 normal cohort subjects (Figure
1).

In addition, as part of the eligibility interview conducted approximately one month prior to
the MRI exam, subjects were asked whether they engaged in frequent knee-bending
activities on most days during the previous 30 days, either at work or outside of work.
Frequent knee-bending activities included: 1) climbing up =10 flights of stairs per day, 2)
kneeling for =30 minutes per day, 3) squatting or deep knee bending for =30 minutes per
day, and 4) lifting or moving objects weighing =25 pounds. Subjects who performed at least
one of these activities were classified as frequent knee-benders, and the rest were not
frequent knee-benders.

Bilateral Radiographs

Bilateral standing posteroanterior (PA) “fixed flexion” knee radiographs were obtained
using a plexiglass frame (SynaFlexerTM). The knees had 20°-30° of flexion and the feet
had 10° of internal rotation. A focus-to-film distance of 72 inches was used. Baseline knee
radiographs were evaluated by two radiologists in consensus and graded using the Kellgren-
Lawrence (KL) grading scale (23).
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Magnetic Resonance Imaging

MR images were obtained with one of four identical 3T MRI systems (Trio; Siemens,
Erlangen, Germany) using a standard knee coil. The following standard morphologic
sequences and T2-mapping sequences of the right knee were analyzed: (a) coronal
intermediate-weighted (IW) 2-D fast spin-echo (FSE) (repetition time/echo time (TR/
TE)=3700/29 ms), (b) sagittal 3-D dual-echo in steady-state (DESS) with selective water
excitation (TR/TE=16.3/4.7 ms, flip angle=25°), (c) sagittal 2-D IW FSE with fat
suppression (TR/TE=3200/30 ms), and (d) sagittal T2-weighted 2-D multiecho spin-echo
(SE) (TR=2700 ms, TE=10/20/30/40/50/60/70 ms), as previously described in detail (24,25).

Image Analysis

T2 Measurements—T2 maps were created using the sagittal 2-D multiecho SE images of
the right knee, which were transferred to a remote workstation (SPARC; Sun Microsystems,
Mountain View, CA, USA). Images were analyzed on the remote workstation using in-
house spline-based software with an interactive display language (Research Systems,
Boulder, CO, USA) environment. An interactive display language routine was used for
segmentations of the patella, medial femoral condyle (MFC), lateral femoral condyle (LFC),
medial tibia (MT), and lateral tibia (LT) to simplify the manual drawing of spines
delineating cartilage areas. We segmented the whole compartment of each region on all
slices with well-visualized artifact-free cartilage. The trochlea was not segmented because of
the interfering flow artifacts from the popliteal artery. Tissue contrast was excellent and
water-fat shift artifacts occurring at the bone-cartilage interface were well visualized on the
first echo time images of the multiecho sequence, whereas fluid was well visualized on the
sagittal T2 maps. To exclude both fluid and water-fat shift artifact from the regions of
interest, adjustment of the splines was performed simultaneously by opening both image
panels and using a synchronized cursor, section number, and zoom. An interactive display
language routine was used to calculate the mean T2 values from the regions of interest
created in the T2 maps. Additionally, the mean T2 value for the tibiofemoral (TF) joint was
calculated by averaging the mean T2 values of the MFC, MT, LFC, and LT.

The T2 relaxation time was approximated by fitting an exponential function to the signal
intensity at different echo times as follows: SI(TE) ~ exp(—TE/T2), where SI(TE) is the
signal intensity as a function of echo time and T2 is the transverse relaxation time. A
monoexponential decay model was used (21).

Semi-quantitative Morphologic Analysis—Two radiologists with 20 and 4 years of
experience in musculoskeletal imaging separately reviewed all right knee MR images on
picture archiving and communication system (PACS) workstations (Agfa, Ridgefield Park,
NJ, USA). Radiologists had access to all sequences acquired and there were no time
constraints during the reading sessions. Consensus readings were performed if scores were
not identical. A semi-quantitative modified Whole-Organ MR Imaging Score (WORMS)
was used to evaluate the cartilage (25-27). Six compartments (patella, trochlea, medial
femur, lateral femur, medial tibia, and lateral tibia) were assessed rather than the original 15
WORMS regions because relatively few lesions were expected in our asymptomatic
populations. Abnormalities in cartilage morphology and signal intensity were scored using
an eight-point scale: 0) normal thickness and signal intensity, 1) normal thickness but
increased signal intensity, 2) partial-thickness focal defect <1cm at its greatest width, 2.5)
full-thickness focal defect <1cm at its greatest width, 3) multiple areas of partial-thickness
loss (grade 2) or a grade 2 defect >1cm in diameter but <75% of the region, 4) diffuse
(=75% of the region) partial-thickness loss, 5) multiple areas of full-thickness loss (grade
2.5) or a grade 2.5 lesion >1cm but <75% of the region, 6) Diffuse (=75% of the region)
full-thickness loss. Reducing WORMS gradings to 6 compartments could have potentially
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affected the number of grade 4 or grade 6 lesions. Grade 6 lesions, however, were not
expected in this cohort with early disease, and grade 4 lesions are very rare, as full-thickness
lesions generally are present before >75% partial-thickness lesions in one subcompartment
occur.

Based on the MRI findings, the cartilage was classified as morphologically abnormal if it
received a WORMS score of >1. The maximum cartilage WORMS grades were also
determined.

Reproducibility Measurements—Reproducibility of cartilage WORMS grades was
determined using a sample of 20 OAI image datasets that were each assessed twice by two
radiologists. The intra-observer weighted kappa values of the patella, MFC, LFC, and LT
ranged from 0.816 to 1.0, with the exception of the LT of reader 1 which equaled 0.606 and
the LFC of reader 2 which equaled 0.460. The inter-observer weighted kappa values were:
patella=0.800, MFC=0.934, LFC=0.444, and LT=0.554. The compartments with minimal
disease had somewhat lower kappa values. The weighted kappa values of the MT could not
be obtained, as there were not any non-zero WORMS grades. Additionally, reproducibility
of the cartilage T2 measurements was determined using eight randomly selected subjects
(normal cohort: 2 men, 2 women; incidence cohort: 2 men, 2 women) that were each
segmented three times by the same individual. In order to assess the level of agreement, the
root mean square (RMS) errors and absolute errors were calculated for each compartment
according to the calculations outlined by Gluer et al. (28). The root mean square errors were:
patella=0.88%, MFC=0.74%, MT=1.51%, LFC=0.81%, and LT=1.47%. The absolute errors
in milliseconds were: patella=0.39 ms, MFC=0.38, MT=0.61, LFC=0.40, and LT=0.70.
Therefore, the T2 measurements were highly reproducible.

Statistical Analysis

Results

Statistical analysis was performed with JMP software version 7 (SAS Institute, Cary, NC,
USA). Descriptive statistics were obtained and differences in subject characteristics were
determined with ANOVA, independent t-tests, and chi-square tests. Multiple linear and
logistic regression models were used to determine significant differences in T2 values and
WORMS grades between the exercise and knee-bending groups and to adjust for the effects
of age, sex, and BMI. A post-hoc analysis was performed with Student’s t-tests, when
appropriate, to determine the pairwise significance between the exercise groups. Men and
women in the incidence cohort were analyzed together and separately; there were too few
subjects in the normal cohort to perform this analysis. In the incidence cohort, we also
considered adjusting for the various OA risk factors to assess whether their inclusion
influenced our results. But adjusting for the risk factors did not affect our conclusions
qualitatively. Statistical significance was defined for all calculations as p <0.05.

Subject Characteristics

The incidence and normal cohorts did not significantly differ in age, BMI, or PASE scores
(p>0.05) (see Table 2); however, the normal cohort had more women than the incidence
cohort (76% vs. 55%, respectively, p=0.034). The incidence cohort had significantly higher
mean T2 values than the normal cohort in the tibiofemoral (p<0.001) and patellofemoral
(p=0.009) joints. The sex-related differences in age, BMI, and PASE scores are displayed in
Table 2, along with the breakdown of OA risk factors. We controlled for these differences
during statistical analysis using multiple linear and logistic regression models. The 3
exercise groups and the 2 knee-bending groups did not significantly differ in age, BMI, or
sex in either the incidence or normal cohorts.
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Exercise Level Classification Analyses

When T2 values were evaluated in the incidence cohort subjects categorized by exercise
level (Table 3), the LT and tibiofemoral (TF) joint displayed significant differences, while
the MFC was trending toward significance. Upon post-hoc analysis, the light exercisers (E)
had significantly lower mean T2 values than both the sedentary (E;) and moderate-strenuous
exercisers (E3) in the LT (E»<Ej: p=0.039, Eo<Es: p=0.001), and had lower T2 values than
the moderate-strenuous exercisers in the TF joint (Eo<E3z: p=0.006). When the sexes were
analyzed separately, the only observed difference between men and women occurred in the
MFC (women: p<0.001, men: p>0.05). Upon post-hoc analysis, the women moderate-
strenuous exercisers had significantly higher T2 values than the light exercisers and
sedentary individuals (E3>E1: p=0.007, E3>E,: p<0.001).

The mean T2 values of the normal cohort did not significantly differ in any compartment,
and cartilage WORMS grades did not significantly differ between the exercise groups in
either the incidence or normal cohorts.

Frequent Knee-bending Activity Analyses

Subjects engaging in frequent knee-bending activities had significantly higher T2 values in
both the incidence and normal cohorts and higher WORMS grades in the incidence cohort
(Table 4). Frequent knee-benders in the incidence cohort had significantly higher T2 values
in the TF joint, MFC, MT, LFC, and patella. Furthermore, these subjects had more severe
cartilage lesions — based on higher maximum cartilage WORMS grades and a higher
percentage of subjects with WORMS grade >1. When the sexes were analyzed separately,
no notable differences were observed. In the normal cohort, frequent knee-benders showed
significantly elevated T2 values in the TF joint, MFC and MT, but no significant differences
in WORMS grades were detected.

Discussion

The results of our study showed that in asymptomatic subjects with OA risk factors, light
exercise was associated with lower tibiofemoral T2 relaxation times, which suggests that
lower water content and more intact collagen architecture are associated with light exercise
compared to sedentary lifestyle and moderate-strenuous exercise. In women, moderate-
strenuous exercise was associated with higher MFC T2 values, whereas this relationship was
not observed in males. Interestingly, we did not detect any significant differences in the T2
values or WORMS grades when our normal cohort was grouped by exercise level; thus, the
cartilage and meniscus of subjects without OA risk factors may not be affected in the same
manner by exercise level. Finally, as frequent knee-bending activities were associated with
higher tibiofemoral T2 values in all subjects, and higher patellar T2 values and WORMS
grades in those with OA risk factors, such activities appear to be associated with greater
cartilage degeneration.

As T2 values are a measure of early biochemical cartilage degeneration (15,20), it could be
postulated that light exercise may prevent deterioration of the cartilage collagen architecture
and associated increased water content in asymptomatic individuals at risk for knee OA.
Therefore, it is possible that lower impact exercise has a potential protective effect on
tibiofemoral knee cartilage in this patient population. As everyone in the light exercise
group walked >3 days/week for <2 hours/day, but only some did various other light
recreational activities — darts, croguet, bowling — it is possible that frequent walking is the
activity that best maintains cartilage biochemical homeostasis. These findings are in
agreement with previous studies that have shown that aerobic walking can decrease pain and
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disability in subjects with knee OA (29,30), but to the best of our knowledge, its effects have
not been evaluated in asymptomatic subjects at risk for OA.

In women with OA risk factors, moderate-strenuous exercise was associated with greater
MFC cartilage degeneration at the molecular level — based on T2 relaxation times. Thus, it is
possible that higher impact exercise further increases these women’s risk of developing knee
OA. In contrast, MFC T2 values did not differ between exercise groups in male subjects.
One possible explanation for this discrepancy between sexes is the difference in loading
behaviors inherent to men and women (31). However, it is unclear if these differences
during various activities are directly related to changes observed in the MFC in the current
investigation. Interestingly, women do have a higher incidence of knee OA than men, and
the most common location is the medial compartment (32,33). Other contributing factors
could be the specific sport/recreational activities performed by each sex, the strength of knee
stabilizing muscles, or the thinner cartilage and smaller joint surfaces in women (34).

In contrast to this study, Stehling et al., who evaluated a similar group of incidence cohort
subjects in two previous studies, found that increased physical activity levels were correlated
with higher patellar T2 values and WORMS grades (21,27). However, their subjects were
grouped by total PASE scores. Total PASE scores take into account not only exercise, but
also household and occupational activities, which the scoring system weighs more heavily
than exercise. It is possible that an increased amount of household and occupational
activities may be associated with increased knee-bending activities, which we found to have
a potential negative impact on knee cartilage. This could explain our conflicting findings.
Our study evaluated exercise and knee-bending activities separately. We derived an exercise
classification that would allow us to compare the knee cartilage of sedentary individuals,
frequent low impact exercisers, and frequent higher impact exercisers, and we analyzed T2
values in both the tibiofemoral and patellofemoral joints rather than only in the patella. From
our knowledge, this is the first study investigating the association of exercise on knee health
in asymptomatic subjects with risk factors for OA using quantitative and morphological MR
parameters.

Similar to previous studies (4,35,36), we did not detect any differences in the cartilage of
our normal cohort when analyzed by exercise levels. Recently, Chakravarty and colleagues
examined 45 long distance runners and 53 controls and found that runners did not have more
prevalent or severe OA when compared to controls (4). However, other studies have shown
a protective (5,37,38) or detrimental (3,39) effect. It should be noted that the majority of
previous studies did not consider OA risk factors in their analysis. Kujala and colleagues
found that former soccer players were at increased risk of developing premature OA, but
concluded that previous knee injuries contributed to this finding (39). Additionally, many
studies used radiographs (4,36,38,39), which cannot depict cartilage, menisci and internal
knee structures, while only a few used MRI (37,40,41). To the best of our knowledge only
one other small study has examined the habitual effects of physical activity on quantitative
T2 and/or T1rho values. Similar to our findings, Stahl et al. found no significant difference
in T2 and T1rho values between 13 active and 7 sedentary asymptomatic healthy subjects,
although they did not note whether any of the subjects had OA risk factors (41).

Frequent knee-bending activities were associated with higher tibiofemoral T2 values in both
the incidence and normal cohorts, and higher patellar T2 values and more severe cartilage
lesions — based on WORMS grades — in those with OA risk factors. Thus, it is possible that
such activities are associated with greater cartilage degeneration in all individuals, but
potentially to a greater degree in subjects already at risk for knee OA. Our data is consistent
with several studies that have shown that knee-bending activities are risk factors for knee
OA (42-46). During deep knee flexion, the stresses and loads in the knee dramatically
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increase (47). It has been reported in cadaver studies that deep knee flexion to 90 degrees
can result in tibiofemoral joint stresses of 26.6 MPa, exceeding the threshold for which
cartilage lesions are known to occur (47). Interestingly, the medial compartment experienced
approximately 70% greater peak pressures during deep knee bending, which is consistent
with the increased T2 values observed in the medial compartment in subjects who performed
knee-bending activities in the current study. Additionally, with deep knee-bending activities,
the patella also experiences high loads and may be subject to greater shear stresses during
squatting than the femoral surfaces (48).

There are several limitations in the current study that should be noted. First, we did not have
information about the specific activities performed by each subject. The PASE scale
combines weight-bearing and non-weight-bearing sports into the same categories. Soccer
and cycling would load the knee joint quite differently. Similarly, all knee-bending activities
were grouped together. Second, given our inclusion and exclusion criteria, a relatively small
sample of subjects (n=33) from the OAI database qualified as normal subjects. This
limitation may have affected our ability to detect differences in the normal cohort. Third, the
predictive value of T2 quantification to project future cartilage deterioration remains
unclear. Fourth, our study only took into account current activity level rather than lifelong
activity history. Clearly cartilage composition is influenced by recent and habitual loading
behaviors.

Future studies will need to investigate which specific activities increase or decrease a
person’s risk for developing knee OA. Populations with and without known OA risk factors
should be evaluated separately in longitudinal studies that utilize MRI-based quantitative
imaging methods (e.g. T2, T1rho, dGEMRIC), which detect cartilage damage prior to
irreversible morphological changes. Knowledge of this early degeneration would allow for
preventive measures to be explored. Furthermore, our results indicate that the cartilage of
men and women may respond differently to physical activities; however, these findings
warrant further investigation to better understand the causal relationships.

In summary, the cartilage of individuals with and without knee OA risk factors appears to
respond differently to physical activity. In subjects at risk for OA, light exercise was
associated with lower tibiofemoral T2 relaxation times in both sexes, whereas moderate-
strenuous exercise was associated with higher T2 values in women. Therefore, if subjects
have OA risk factors, light exercise — possibly frequent walking in particular — may aid in
preventing biochemical cartilage degeneration, while moderate-strenuous exercise,
particularly in women, may further increase their risk of developing knee OA. In our normal
cohort grouped by exercise level, we did not detect any significant differences in T2
measurements or WORMS grades; however, this cohort was smaller. Finally, frequent knee-
bending activities appear to be associated with greater cartilage degeneration in all
individuals, but possibly to a greater degree in subjects already at risk for knee OA.
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Figure 1.

The diagram illustrates how the subcohorts of our study were created. Based on our
inclusion criteria and exercise level classification, 128 incidence cohort subjects and 33
normal cohort subjects were included. *The exercise level classification, which is outlined
in table 1, was formulated prior to analysis with the goal of comparing frequent higher
impact exercisers, frequent lower impact exercisers, and sedentary individuals.
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Table 1
Exercise Level Classification
Exercise Level Frequency of Activities Examples of Activities
E; Sedentary Sitting activities and walk <2 days/wk for <2 hrs/day Watch TV, read books, play on computer, play
chess
E, Light Exercisers Walk >3 days/wk for <2 hrs/day, or walk this amount and do Walking, darts, table tennis, catch, fishing,

light sport/recreation for <2 hrs/day on any given day

E; Moderate - Strenuous ~ Moderate or strenuous sport/recreation >3 days/wk for >1 hr/
Exercisers day

golf w/a cart, frisbee, bowling

Running, basketball, tennis, soccer, skiing,
cycling, surfing, squash
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Table 2
Subject Characteristics'

All Women Men p value

Incidence Cohort (n=128) (n=71) (n=57) t-test

Age (years) 50.7£2.7 50.8+25 50.6 £3.0 0.621
BMI (kg/m2) 237£20  232+21  243+16  gqo3*
PASE 190.8+80.5 1765+80.8 2085+77.2 gqo5*
Risk Factorst ChiSq
History of Knee Injury 36 (27%) 17 (23%) 19 (33%) 0.264
History of Knee Surgery 12 (9%) 2 (3%) 10 (17%) 0.004*
Heberden’s Nodes in Hands 19 (14%) 15 (20%) 4 (7T%) 0.026™
Family History of Knee Replacement 19 (14%) 8 (11%) 11 (19%) 0.192
Normal Cohort (n=33) (n=25) (n=8) t-test

Age (years) 50.0+2.8 49.8+2.6 50.8 +3.7 0.394
BMI (kg/m2) 23122 228+24 24113 0.133
PASE 169.5+66.0 160.3+71.0 196.9+54.0 0.181

t .
Values are expressed as mean + SD unless otherwise noted

iE><pressed as number of subjects (percentage)

*
Significantly different if p<0.05
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