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ABSTRACT

KING, L. K., T. B. BIRMINGHAM, C. O. KEAN, I. C. JONES, D. M. BRYANT, and J. R. GIFFIN. Resistance Training for Medial

Compartment Knee Osteoarthritis and Malalignment. Med. Sci. Sports Exerc., Vol. 40, No. 8, pp. 1376–1384, 2008. Purposes: 1) To

evaluate the effects of a 12-wk high-intensity knee extensor and flexor resistance training program on strength, pain, and adherence in

patients with advanced knee osteoarthritis and varus malalignment and 2) to generate pilot data for change in dynamic knee joint load,

patent-reported outcomes, and self-efficacy after training. Methods: Fourteen patients (48.35 T 6.51 yr) with radiographically

confirmed medial compartment knee osteoarthritis and varus malalignment of the lower limb were recruited from a surgical waiting list

for high tibial osteotomy. Participants completed a high-intensity isokinetic resistance training program three times per week for 12 wk.

Knee extensor and flexor strength were assessed every third week, whereas pain and adherence were recorded at every training session.

The external knee adduction moment during the gait, the 6-min-walk test, the Knee Injury and Osteoarthritis Outcome Score (KOOS),

and the Arthritis Self-Efficacy Scale (ASES) were also evaluated before and after training. Results: Significant improvements in knee

extensor and flexor strength were observed without increases in pain during or after training. Adherence to the high-intensity program

was high. No significant changes were observed for dynamic knee joint load or the KOOS. There was a significant increase in the

function subscale of the ASES only. Conclusions: These findings suggest that patients with advanced knee osteoarthritis and

malalignment can experience substantial gains in strength after a high-intensity resistance training program without concomitant

increases in pain, adverse events, or compromised adherence. These findings provide support for future clinical trials with longer-term

outcomes. Key Words: VARUS GONARTHROSIS, KNEE ADDUCTION MOMENT, MUSCLE STRENGTHENING,

ISOKINETIC DYNOMOMETER

O
steoarthritis (OA), the clinical condition of joint
pain and dysfunction caused by the degeneration of
articular cartilage and subchondral bone, affects

more people than any other joint disease (8). The knee is the
most frequently affected weight bearing joint (11). Knee
OA is characterized by pain, functional disability, and
reduced knee extensor and flexor strength (7,14,16,21).
Weakness of the muscles surrounding the knee may reduce
their capacity to protect the knee, predisposing it to greater
physical stress, structural damage, and joint degeneration
(20). Therefore, the therapeutic role of resistance exercise
for increasing muscle strength in patients with knee OA is
recommended in several international guidelines (2,22,32).

Although substantial deficits in muscular strength have
been reported and several recommendations for exercise
exist, there is limited evidence to suggest that resistance
training can provide more than modest improvements in
strength for patients with knee OA (13,19,31). Although
substantial gains appear to be possible with higher-intensity
resistance exercise programs (3,15,17), most studies have
not controlled intensity or have used intensities far below
that recommended by the American College of Sports
Medicine for optimizing strength gains (26). The lack of
information regarding the appropriate intensity of resistance
training in patients with knee OA also has been highlighted
in a recent systematic review (9). Additionally, although
resistance exercise aimed at increasing quadriceps strength
has received considerable attention, this has not been the
case for the hamstring muscles. Although there is evidence
to suggest that stronger quadriceps muscles play an
important protective role in the progression of knee OA
(20–22,33), hamstring strength has been recently suggested
to be more important in the context of self-efficacy and
performance (29).

It is important to note that the potential detrimental
effects of increased strength on knee joint load, joint
compression, and progression of degenerative changes have
been recently highlighted (31,35). In patients with knee OA
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and malalignment of the lower limb, the effect of increased
muscular strength is particularly controversial (6). Mala-
lignment is a potent risk factor for structural deterioration of
the knee joint (36) because it increases focal loading. It is
possible that in the presence of excessive varus alignment,
improvements in muscular strength may result in painful
and damaging medial knee joint loads. This may be
particularly important for younger patients with knee OA
who have the capacity for large gains in muscular strength
but might paradoxically compromise knee function.

Evaluating the efficacy of resistance exercise for patients
with knee OA and varus malalignment is therefore complex
and should balance the need to achieve a sufficiently high
intensity to evoke strength changes with the potential for
exacerbating pain and compromising adherence. Addition-
ally, the potential for increased muscular strength to
increase knee joint loads and decrease functional perfor-
mance must also be considered. Despite the uncertainty
surrounding the effects of increased knee extensor and
flexor strength for patients with knee OA and varus
malalignment, we are unaware of any studies evaluating
the efficacy and safety of high-intensity resistance training
for these patients.

Our primary objective was to evaluate the short-term
efficacy, safety, and adherence of a high-intensity resistance
training protocol for patients with advanced knee OA and
varus malalignment. We hypothesized that strength would
significantly increase without increases in pain and that
adherence would be excellent. Our secondary objective was
to generate pilot data evaluating the effect of training on
dynamic knee joint load, function, and self-efficacy.

METHODS

Participants

Baseline demographic and clinical characteristics of
participants are provided in Table 1. Fourteen participants
(two females) were recruited from patients on the waiting
list for high tibial osteotomy (HTO) surgery at a tertiary
care center specializing in orthopedics. All participants were
referred by their primary care physician to this center due to
unresolved knee pain localized primarily to the medial

compartment and were subsequently diagnosed with medial
compartment knee OA and varus alignment of the lower
limb. A diagnosis of OA was based on the criteria described
by Altman et al. (1). Kellgren and Lawrence (24) grades of
OA severity and alignment (mechanical axis angle) (37)
were determined from double-limb standing hip-to-ankle
anteroposterior radiographs that were taken before the first
test session (38). Only patients with no history of prior
surgery on the limb scheduled for HTO were included. The
Physical Activity Readiness Questionnaire (10), a general
health-screening questionnaire, was administered to confirm
suitability for resistance training. Participants provided
written informed consent to participate in this study. The
study was approved by the institution’s Research Ethics
Board for Health Sciences Research Involving Human
Subjects.

Intervention

Participants completed isokinetic resistance training
under the supervision of study investigators three times
per week for 12 wk, with a minimum of 1 d of rest between
sessions. Participants began each session with a 5-min
warm-up on a stationary cycle ergometer at low rate
(50 rpm) and low load (1 kP). After the warm-up,
participants completed knee extensor and flexor stretches
under the direction of the trainers. In total, each session
took approximately 45 min to complete.

We used the Biodex Multi-Joint System 3 dynamometer
(Biodex Medical, Shirley, NY) and accompanying soft-
ware for strength training and testing. During each session,
the participant was seated with his or her back against
a rigid backrest oriented 85- above the horizontal. The
participant’s pelvis and thigh were secured to the
dynamometer using a seatbelt oriented diagonally across
the anterior superior iliac spines and over the distal half
of the quadriceps, respectively. The axis of rotation of the
dynamometer lever arm was positioned coaxial with the
lateral femoral epicondyle. The resistance pad was secured
over the distal anterior one third of the lower leg, above
the malleoli.

Participants performed three sets of 10 repetitions of
reciprocal concentric isokinetic knee extension and flexion
at angular velocities of 60, 90, and 120-Isj1. On the basis of
the results of baseline strength testing, we provide the
participants with a visual target of 60% of their baseline
extensor and flexor strength. They were instructed to aim
for or exceed the target for each repetition. Participants then
performed three sets of fifteen repetitions of reciprocal
concentric isokinetic knee extension and flexion at 180-Isj1

with maximum effort.
To monitor progress and to set new strengthening goals,

one training session during the third, the sixth, and the
ninth week of program was replaced by the test protocols
completed at baseline. On the basis of these strength tests,
we generated new targets of 60% of peak torques.

TABLE 1. Baseline demographics and clinical characteristics.

Agea (yr) 48.4 (6.5)
Massa (kg) 92.4 (14.2)
Heighta (cm) 177.1 (7.7)
BMIa (kgImj2) 29.3 (3.3)
MAAa (-) j6.9 (3.4)
KL severity gradeb

1 2 (14.3%)
2 4 (28.6%)
3 7 (50.0%)
4 1 (7.1%)

Negative mechanical axis angle (MAA) values correspond to varus alignment. Kellgren
and Lawrence (KL) radiographic grade of severity.
a Values are presented as mean (SD).
b Values are presented as N (%).
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Primary Outcomes Measures

Strength. Before testing, participants were given a
5-min warm-up on a stationary cycle ergometer at a low
rate (50 rpm) and low workload (1 kP). Before each test
velocity, participants performed two submaximal (50–65%)
repetitions to allow for familiarization with the test speed.
Participants performed five reciprocal concentric isokinetic
contractions of knee extension and knee flexion with
maximum effort at three sequential velocities (60, 90, and
120-Isj1). The participants then completed 30 reciprocal
concentric isokinetic contractions of knee extension and
knee flexion at 180-Isj1 at maximum effort. Participants
were given 2 min of rest between test velocities. Testing
was completed on both limbs with the limb scheduled for
HTO defined as the index limb. Peak knee extensor and
flexor torque (NIm) were calculated by averaging peak
torque values from the three highest repetitions out of the
five maximum-effort reciprocal isokinetic contractions
collected at each of 60, 90, and 120-Isj1 angular velocities.
Total knee extensor and flexor work (J) was also calculated
for the 30 reciprocal isokinetic contractions at maximum
effort at an angular velocity of 180-Isj1. Isokinetic knee
extensor and flexor strength in patients with knee
osteoarthritis has been previously demonstrated to be
reliable and valid (12,28).

Pain. At the start of each training session, participants
were asked to rate the pain they had experienced since the
previous session (operationally defined as activities of daily
living (ADL) pain). At the completion of the training
session, participants were asked to rate the pain experienced
during exercise (operationally defined as training pain).
Pain was rated by the participant in the following specific
anatomic areas on the index and the opposite limb using a
10-point numerical rating scale (0 was no pain; 10 was
extreme pain) corresponding to illustrations depicting:
under the knee cap (patellofemoral), inside the knee joint
(tibiofemoral), quadriceps, and hamstrings muscles.
Participants were also asked at each session to report any
adverse event that may have affected the pain in their knee
or their ability to exercise or any changes in pain
medication relative to baseline.

Adherence. Attendance and training intensity were
monitored to ascertain adherence to this high-intensity
program. The total number of sessions attended out of a
possible 36 sessions was calculated. Perceived exertion of
the patient during each exercise session was recorded using
the Borg CR10 scale. The CR10 is a category ratio scale,
which is both reliable and valid (5).

Secondary Outcomes Measures

Dynamic knee joint load. The external adduction
moment about the knee during walking was used as a
surrogate measure of dynamic knee joint load (4).
Participants underwent gait analysis using an eight-camera
motion capture system (Motion Analysis Corporation, Santa

Rosa, CA) synchronized with a single, floor-mounted force
platform (Advanced Mechanical Technology Inc,
Watertown, MA). Twenty-two passive–reflective markers
were placed on the participant using a modified Helen
Hayes marker set (23). During an initial static standing trial
on the force platform, four extra markers were placed
bilaterally over the medial knee joint lines and the medial
malleoli. The static trial was completed to determine marker
orientation, position of joint centers of rotation for the knee,
and ankle as well as body mass. During the gait analysis,
participants were instructed to walk barefoot across the
laboratory at a self-selected velocity, whereas kinetic (1200
Hz) and kinematic data (60 Hz) were collected during the
middle of several strides. Walking trials were repeated until
a total of five trials with clean force platform strikes were
obtained from the index limb.

Kinematic and kinetic data from each trial were com-
bined and used to calculate external moments about the
knee using inverse dynamic principles. Each lower limb
segment (thigh, shank, and foot) was modeled as a rigid
body with a local coordinate system that coincided with
anatomic axes. Inertial properties of each limb segment
were approximated, and translations and rotations of each
segment were calculated relative to the marker orientations
observed during the initial standing static trial. Walking
speed was calculated as the average walking speed between
successive foot contacts of the index limb. All postprocess-
ing of gait data was done using commercially available
software (Orthotrak; Motion Analysis Corporation, and
Excel; Microsoft Corporation, Redmond, WA). The peak
knee adduction moment for each of the five walking trials
was determined, and an average peak knee adduction
moment was calculated. Reliability of the peak knee
adduction moment measurement has been previously
reported (4).

Performance-based and self-report measures of
function. Participants were asked to walk at a self-
selected pace for 6 min around the perimeter of a 24.4-m
track, and the total distance walked was measured. This
test has been shown to be a reliable measure of
physical function for individuals with osteoarthritis
(25). The Knee Injury and Osteoarthritis Outcome Score
(KOOS), a 42-item patient-administered knee-specific
measure, was used to assess the participants’ opinions
about their knee and general health. The KOOS consists of
five subscales: pain, other symptoms, function in daily
living (ADL), function in sport and recreation (Sport/Rec),
and knee-related quality of life. A normalized score (100
indicating no symptoms and 0 indicating extreme
symptoms) was calculated for each subscale. Appropriate
reliability and responsiveness of the KOOS have been
previously reported (18).

Self-efficacy. The Arthritis Self-Efficacy Scale (ASES)
was used to assess self-efficacy. The score for each of
three subscales (function, pain, and other symptoms) is the
mean of the items scored 0–10 (with 10 indicating greater
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self-efficacy) for that subscale. Appropriate reliability,
construct, and concurrent validity of the ASES have been
previously reported (27).

Data Analysis

All statistical analyses were performed using STATIS-
TICA (Statsoft, Tulsa, OK). Each of the strength
outcome measures was assessed using a two-factor, limb
(index, opposite) by time (0, 3, 6, 9, 12 wk) repeated-
measures ANOVA. Because there was very little pain
experienced by any participant in the quadriceps and the
hamstring muscles, only pain ratings for the patellofe-
moral and tibiofemoral joint were analyzed. Pain in each
of these locations was assessed using a two-factor,
activity (ADL, training) by time (1–12 wk) repeated-
measures ANOVA. After significant effects, Scheffé
post hoc tests were completed. Overall changes in strength,
pain, and all secondary outcomes were also reported as

mean differences before and after training with 95%
confidence intervals (CI).

RESULTS

Strength. Knee extension and flexion strength from
baseline to week 12 are presented in Figures 1 and 2,
respectively. For knee extension peak torque at 60-Isj1,
there was a significant main effect for limb (P = 0.002), a
significant main effect for time (P G 0.001), and a
significant limb � time interaction (P = 0.015). For knee
extension peak torque at 90-Isj1, there was a signif-
icant main effect for limb (P = 0.01) and a significant
main effect for time (P G 0.001). For knee extension
peak torque at 120-Isj1, there was a significant main
effect for limb (P = 0.02) and a significant main effect
for time (P G 0.001). For knee extension total work
at 180-Isj1, there was a significant main effect for time
(P G 0.001).

FIGURE 1—Mean knee extension peak torque T95% CI (NIm) at 60 (A), 90 (B), and 120-Isj1 (C) angular velocities and mean knee extension total
work T95% CI (J) at 180-Isj1 (D) angular velocity at weeks 0 (baseline), 3, 6, 9, and 12 (posttraining).

RESISTANCE TRAINING FOR KNEE OA Medicine & Science in Sports & Exercised 1379

C
LIN

IC
A
L
SC

IEN
C
ES



Copyright @ 200  by the American College of Sports Medicine. Unauthorized reproduction of this article is prohibited.8

At 60-Isj1, post hoc testing revealed significant differ-
ences between the index and the opposite limbs at all
test times. The index limb had a significant increase in
strength from baseline to week 6; however, there were no

further significant gains between weeks 6 and 9 or 12.
There were no significant differences in the opposite
limb from baseline to week 12. When examining the
main effect of time, post hoc testing revealed that for

FIGURE 2—Mean knee flexion peak torque T95% CI (NIm) at 60 (A), 90 (B), and 120-Isj1 (C) angular velocities and mean knee flexion total work
T95% CI (J) at 180-Isj1 (D) angular velocity at weeks 0 (baseline), 3, 6, 9, and 12 (posttraining).

TABLE 2. Primary outcomes.

Week 0, Mean (SD) Week 12, Mean (SD) Mean Difference (95% CI)

Extension
60-Isj1 (NIm) 121.47 (43.31) 155.04 (47.31) 33.57 (22.60–44.57)*
90-Isj1 (NIm) 123.66 (43.96) 153.37 (43.86) 28.71 (18.47–38.94)*
120-Isj1 (NIm) 121.61 (40.27) 145.92 (38.19) 24.30 (17.03–31.58)*
180-Isj1 (J) 2292.43 (582.65) 3011.62 (685.77) 719.19 (548.85–889.52)*

Flexion
60-Isj1 (NIm) 77.83 (32.32) 101.30 (26.76) 23.47 (11.81–35.14)*
90-Isj1 (NIm) 81.32 (32.30) 100.28 (24.19) 18.96 (6.70–31.23)*
120-Isj1 (NIm) 80.42 (29.17) 96.44 (21.99) 16.01 (4.85–27.17)*
180-Isj1 (J) 1401.56 (513.78) 2045.32 (444.92) 643.76 (411.08–876.43)*

Pain during ADL
Patellofemoral 0.76 (1.32) 0.98 (1.83) 0.21 (j0.62 to 1.05)
Tibiofemoral 1.76 (1.82) 1.69 (1.79) j0.07 (j0.91 to 0.77)

Pain during exercise
Patellofemoral 0.64 (1.52) 0.99 (1.70) 0.35 (j0.17 to 0.86)
Tibiofemoral 1.36 (1.62) 1.56 (1.72) 0.20 (j0.42 to 0.83)

* Significant difference between pretraining and posttraining (P G 0.05).
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90, 120, and 180-Isj1, there were significant gains in
extensor strength from baseline to week 3. There were
no further significant gains from weeks 3 to 12.

For knee flexion, there was a significant main effect for
time (P G 0.001). Post hoc testing revealed similar findings
as knee extension, with significant gains between baseline
and week 3, but no further significant gains were found from
weeks 3 to 12. Overall changes in strength after training are
reported in Table 2.

Pain. Patellofemoral and tibiofemoral pain data are
presented in Figure 3. There were no significant main
effects for activity or time. No patient reported any change
in medication use to control pain over the course of the
study. Overall changes in pain after training are reported in
Table 2.

Adherence. The mean total number of attended
exercise sessions was 31.8 T 2.6 out of a possible 36.
Attendance levels were consistent over the course of the
study. The mean subjective RPE during training sessions
over the course of the program was 5.58 T 1.86 on the Borg

C10 scale where a rating of ‘‘5’’ corresponds to ‘‘heavy’’
exertion. During strength testing sessions, the mean RPE
was 6.51 T 2.34, where a rating of ‘‘7’’ corresponds to
‘‘very heavy.’’ RPE was consistent over the course of
training and testing.

Secondary outcomes. Mean changes in all secondary
outcomes after training are reported in Table 3. With the
exception of the ASES function subscale, there were no
significant changes in knee adduction moment, performance-
based or self-report measures of function, and self-efficacy
after the intervention.

DISCUSSION

The present high-intensity resistance training program
produced large gains in strength on the index knee for
peak knee extension and flexion torque at 60-Isj1 and for
total knee extensor and flexor work at 180-Isj1. Specifi-
cally, effect sizes ranged from 0.73 to 1.25 during these
tests, where strength increased from 28% to 46%,
relative to baseline values. The mean knee extensor
strength of the index knee was significantly lower at
baseline than the opposite knee. The index knee also
achieved greater gains than the opposite knee, helping to
reduce the side-to-side strength deficits. At baseline,
extensor strength in the index knee was on average
43% less than strength in the opposite knee at an angular
velocity of 60-Isj1, whereas at week 12, the deficit was
reduced to only 22%. For flexor strength, the strength
deficit in the index knee was reduced from 14% to 4% after
training. Additionally, extensor and flexor strength of the
index knee posttraining significantly exceeded the baseline
strength values of the opposite limb, and no difference
existed for total extensor and flexor work in both the
index and the opposite limb at 180-Isj1 between limbs after
12 wk of training.

In addition to the high intensity used and large
increases in strength observed, our study has expanded
on previously published work by focusing on a specific
subgroup of patients with medial compartment knee OA
with varus malalignment and advanced disease to
warrant surgical intervention. Despite the increased
potential to exacerbate symptoms in this group, increases
in pain and subsequent modifications to the program
were minimal. One patient experiencing knee joint pain
took one full session off for rest and consulted with an
orthopedic specialist before agreeing to continue training.
Two participants had one training session modified to
include training only on the index limb due to slight
increases medial joint pain in the opposite knee. One
participant, with very high baseline pain levels, had
his training sessions altered to allow for more warm-up
time.

Adherence was generally very good throughout this
study. Others have reported that participants tend to drop
out when they do not feel that the exercise is improving

FIGURE 3—Mean pain score (0–10, where 0 indicates no pain and 10
indicates extreme pain) during ADL and during training T95% CI in
the patellofemoral (A) and the tibiofemoral joints (B).
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their knee OA symptoms (15). The participants in this
study also maintained consistent levels of intensity
throughout the training program that, when combined
with attendance, was critical for generating the overall
large strength gains. The observed ability for patients
with advanced disease to experience sizable increases in
strength without increases in pain and decreases in
adherence suggests that high-intensity resistance exercise
may be appropriate for a broader spectrum of patients
than previously thought.

Although there was no change in mean peak knee
adduction moment after 12 wk of training, individual
results varied widely for this measure. Only one
individual experienced an increase in peak knee adduc-
tion moment beyond the minimum detectable change
at the 95% confidence level (4). This change was not
accompanied by an increase in speed, exacerbation of
pain, or decreases in function. Thorstensson et al. (39)
also did not observe a significant reduction in mean
peak knee adduction during gait after an 8-wk general
conditioning exercise program. They did find a reduction
during one-leg rise after 8 wk, which they suggested was
a more sensitive measure than peak adduction moment
during walking.

Although there was no change in the mean pain
values, individual results also varied widely. One par-
ticipant incurred a negative change in pain on the
KOOS of greater than eight points, which has been
suggested to represent the minimal perceptible clinical
improvement or decline of each KOOS subscale at
the individual level (34). Four participants demonstrated
a clinical improvement in pain score (98 points) relative
to baseline.

Similarly, mean levels of function did not change in the
current study. Three participants, however, experienced a
clinically significant decline in the KOOS symptom
(function) subscale relative to baseline, and four demon-
strated a clinically significant increase. Although other
resistance training studies have shown some modest
improvements in function, our results were similar to
Thorstensson et al. (40). In these relatively younger

samples, having advanced knee OA may have been
perceived to be more of a disability than that in the elderly
populations with knee OA. Others have noted that self-
efficacy explained much of the variance in performance in
people with knee OA (30), implying that we should aim to
improve an individual’s confidence in performing physical
tasks in addition to mechanical strategies such as strength-
ening. Notably, in the current study, despite the absence of
change in KOOS and 6 min of walk, a significant increase
in self-efficacy was observed in the function subscale of the
ASES.

The small number of subjects and the absence of a
control group in this pilot study must be acknowledged.
The limitations in generalizability of the present results to
the greater population of patients with knee OA should
also be considered. Although the strength profiles and pain
and disability scores at baseline were similar to previous
studies, this sample had varus malalignment, was younger
than most samples, and consisted largely of males.
Although we demonstrated short-term efficacy and safety
of a high-intensity resistance training program, future
research should examine the long-term effects of high-
intensity resistance exercises in patients with knee OA and
malalignment, including in radiographic evaluation of
disease progression. Furthermore, as a result of this study’s
small number of subjects, the statistical power of the
motion analysis findings is low. A larger study with a
control group for comparison and survival analysis to a
specific end point such as an osteotomy would offer
additional compelling evidence for the validity of this
strength training program.

CONCLUSIONS

Overall, the present findings suggest that high-intensity
resistance training can produce substantial increases
in knee extensor and flexor strength in middle-aged
patients with advanced knee OA and varus malalignment,
without concomitant increases in pain, adverse events, or
decreases in adherence. The results of this efficacy study

TABLE 3. Secondary outcomes.

Week 0, Mean (SD) Week 12, Mean (SD) Mean Difference (95% CI)

Adduction moment (% BW*Ht) 3.30 (0.72) 3.43 (0.49) 0.13 (j0.14 to 0.4)
Gait speed (mIsj1) 1.12 (0.11) 1.12 (0.10) 0.00 (j0.03 to 0.03)
6-min walk distance (m) 453.76 (42.86) 443.75 (50.31) j11.01 (j35.49 to 13.47)
KOOS (0–100)

Pain 59.52 (17.25) 62.28 (15.78) 2.76 (j1.78 to 7.31)
Symptom 61.99 (18.77) 61.04 (19.94) j0.95 (j7.90 to 6.00)
ADL 72.47 (16.54) 73.21 (14.41) 0.74 (j4.90 to 6.37)
Sport and recreation 40.00 (19.61) 41.43 (15.98) j1.43 (j10.84 to 13.70)
Quality of Life 28.13 (19.57) 26.79 (21.15) j1.34 (j8.15 to 5.48)

ASES (0–10)
Pain 6.45 (2.23) 7.25 (2.00) 0.81 (j0.33 to 1.95)
Function 8.37 (0.86) 8.80 (0.65) 0.43 (0.09 to 0.77)*
Other symptom 7.66 (1.54) 7.67 (1.07) 0.00 (j0.63 to 0.64)

* Significant difference between pretraining and posttraining (P G 0.05). % BW*Ht, percent body weight multiplied by height.
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support future clinical trials investigating the effectiveness
of high-intensity resistance training for improving various
indicators of disease and function in this important
subgroup of patients.

This study was supported by the Canada Research Chairs
Program (TBB), the Canadian Institutes of Health Research, and
the Arthrex Inc.

The results of the present study do not constitute endorsement
by ACSM.
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