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This study was designed to evaluate, by means of a randomized controlled
trial, the effects of a physical activity program incorporating aerobic,
strength, and stretching exercises in individuals with osteoarthritis of the
knee. We randomly assigned 137 volunteers ages 250 to an experimental
group or a control group. The experimental group participated in three 1-
hour sessions of supervised exercises per week over a 3-month period.
The control participants were instructed to continue their usual daily ac-
tivities, and they attended 1-hour education sessions twice a month. The
effectiveness of the program was evaluated using repeated measurements
of parameters related to self-reported health status, physical capacity, and

joint tenderness.

After 3 months, significantly greater improvements were observed in
the experimental group than the control group in terms of: arthritis pain
(p = 0.02), ability to walk and bend (p = 0.03), aerobic capacity (p <
0.0001), hamstring and low back flexibility (p = 0.003), quadriceps and
hamstring strength (p < 0.01), and the perception of changes relating to
osteoarthritis of the knee and general condition (p < 0.0001). However,
no significant differences were observed between the groups in isokinetic
strength of the quadriceps (all p's > 0.05), joint tenderness (» = 0.18), and
health perception (p = 0.7). The overall results suggest that this program

is effective for older persons with os
could contribute to maintaining their

teoarthritis of the knee and that it
independence and improving their

quality of life. (J Clin Rheumatol 1999;5:126-136)

Key words: Osteoarthritis of the knee, Physical training, Older

steoarthritis is the most
common rheumatic disease
(1), affecting nearly 3 mil-

lion Canadians (2) and approxi-
mately 16 million Americans (3).
The joints most frequently affected
are the small joints in the hand
and, second, the knee (4). Among
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older people, this chronic disease
of the musculoskeletal system is
one of the most frequent causes of
loss of independence (5).

In 1994, Ettinger and Afable (6)
proposed a model to explain the
process by which osteoarthritis of
the knee may lead to physical dis-
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ability. According to this model,
pain in the knee(s) limits the use of
the lower extremities, which ad-
versely affects the 3 main compo-
nents of physical capacity, that is,
aerobic capacity, muscle strength,
and flexibility. In this regard, pre-
vious studies have shown a much
larger decrease in aerobic capacity,
muscle strength, and flexibility in
individuals with osteoarthritis of
the knee compared with age- and
sex-matched apparently healthy
individuals  (7-10). Finally, the
model postulates that reduced
physical capacity has a substantial
impact on the ability to perform
daily life activities such as going up
and down stairs, getting up from a
chair, standing, and walking.

Over the last few years, thera-
peutic exercise has received in-

Institut universitaire de gériatrie de Sherbrooke
(LP, GB, PG, GL), Faculté de médecine, Université
de Sherbrooke (GB, GL), Faculté d’education phy-
sique et sportive, Université de Sherbrooke PG),
Québec, Canada; Hopital de St-Etienne (J-SB), St-
Etienne, France.

Address correspondence to: Lucie Péloquin, PhD,
Centre de recherche, Institut universitaire de gér-
iatrie de Sherbrooke, 1036, Belvédere sud, Sher-
brooke (Québec), Canada JIH 4C4, Fax: (819)
829-7141.

This study was funded by the Canadian Fitness
and Lifestyle Research Institute, Grand #901R008,
Copyright @ 1999 by Lippincott Williams &
Wilkins, Inc.,

Journal of Clinical Rheumatology + Volume 5, Number 3 + June 1999

p— H.W!
—— e e e gt
J— U i

e S T e T g e

prgre-so ey’

Qg

g

T i

| 2l S et et oo i MU o



creasing attention as a safe
beneficial treatment for osteoar-
thritis of the knee (11). According
to Ettinger and Afable’s model (6)
and the opinion of some experts in
the field (12-14), the objectives of
therapeutic exercise for persons
with osteoarthritis should be the
following: to increase aerobic ca-
pacity; to maintain or restore range
of movement and flexibility; and to
increase muscle strength and en-
durance. Consequently, the pro-
gram that would be most beneficial
to these people should include aer-
obic, strength, and stretching ex-
ercises (12).

Numerous studies have inves-
tigated the effects of different types
of exercise programs in individuals
with osteoarthritis of the knee (15—
31). These programs were com-
posed almost exclusively of aero-
bic, resistance, or flexibility
exercises, with some containing a
mixture of 2 types of exercises. Re-
cently, the efficacy of aerobic and
resistance training was compared
in a well designed large scale trial
lasting 18 months (32). However,
no studies have yet evaluated the
efficacy of a systematic program
containing aerobic, strength, and
flexibility exercises. Therefore, the
main objective of the present study
was to evaluate, by means of a ran-
domized controlled trial, the ef-
fects of a supervised physical
activity program incorporating
these 3 types of exercises on sev-
eral aspects of the health of indi-
viduals with osteoarthritis of the
knee. '

METHODS

Participants

All participants were volun-
teers from the Sherbrooke (Quebec,
Canada) metropolitan area who re-
sponded to various advertising
media. All volunteers were exam-
ined by the research team physi-
cian using a standardized
procedure. In addition, recent (<12
months) or new x-rays of the par-
ticipants’ knees were evaluated by

a radiologist before enrollment in
the study to determine the severity
of the disease. The first step in se-
lecting the volunteers involved
verifying the following criteria by
telephone: a) age 250, b) no contra-
indication to participating in a su-
pervised exercise program, (c) not
expecting to be absent from the
city for more than 2 weeks; d) hav-
ing an independent, non-institu-
tional lifestyle, e) mot having
intra-articular steroid or viscoelas-
tic device injections within the 2
months preceding the intervention
period, and f) a stable regimen for
using analgesics or nonsteroidal
anti-inflammatory drugs for at
least 2 weeks before the beginning
of the intervention. In the second
step, the participants who met
these criteria were examined by
the physician to verify that they
presented the following criteria: g)
a diagnosis of minimal to moder-
ate idiopathic osteoarthritis of one
or both knee joints (33), h) <15° of
fixed-flexion deformity, i) <10° of
genu varum or genu valgum, and @)
no joint blocking. In the third step,
the radiologist verified the severity
of the disease from the x-rays.
Only those participants who had a
grade 1, 2 or 3, as judged by the
Kellgren and Lawrence criteria
(34), were included.

Over a 6-month period, nearly
400 persons contacted the recruit-
ment coordinator. Of these, 267
met the criteria that could be doc-
umented by telephone and 250
agreed to be examined by the phy-
sician. A total of 152 met all eligi-
bility criteria. Of this total, 15
refused to participate for various
reasons. Therefore, 137 attended
the initial evaluation and agreed to
participate in the study by signing
a consent form. Before the begin-
ning of the study, the research pro-
tocol was approved by the Ethics
Committee of the Youville Hospi-
tal.

Design
This was an experimental
study using the pretest, post-test
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design with a control group. Pre-
pared from random number tables,
randomization was blocked and
stratified by age, sex, and the se-
verity of the disease.

Outcome Measurements

The following variables were
measured before and after the in-
tervention. All the measurements
were taken under the same condi-
tions (i.e., order of administration
of the tests, time of day) by the
same evaluators. Each evaluator
was assigned to specific tests and
had received prior training. Eval-
uators were blinded to the as-
signed group. The evaluation of
each participant lasted approxi-
mately 2 hr.

Health Status

The Arthritis Impact Measure-
ment Scales 2 (AIMS2) was used
for measuring the physical, social,
and psychological health status of
the participants (35). The AIMS2 is
a 78-item self-administered ques-
tionnaire. In the present study,
only the first 57 items were used to
measure participant outcome. The
57 items fall into 12 subscales
which assess various aspects of
health status. Each scale contains 4
or 5 items. The scores for each of
the subscales vary from 0 to 10,
where 0 represents good and 10
poor health status. The AIMS2 has
been validated with patients with
numerous rheumatic diseases, in-
cluding osteoarthritis. The internal
consistency coefficients of these 12
subscales vary from 0.74 to 0.96
and their test-retest reliability from
0.78 to 0.94 (35). Validity analyses
in osteoarthritic individuals have
shown that patient designation of
an area as a problem or as a pri-
ority for improvement was signif-
icantly associated with a poorer
AIMS?2 score in that area (35).

Self-Rated Health

Self-rated health was mea-
sured with a question used in nu-
merous health surveys, including
Canadian health promotion sur-
veys and national U.S. surveys
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(36). It asks the patient to rate his
or her health on a scale going from
excellent (1 point) to poor (5
points) compared with people of
the same age. The validity of this
scale is based on a strong correla-
tion between self-rated health and
the presence of specific health
problems (37).

Physical Capacity

Aerobic capacity. The partici-
pants’ aerobic capacity was evalu-
ated with the “5-minute walking
field test” developed specifically
for participants with arthritis (38).
Before testing, the participant was
instructed to walk at as brisk a
pace as possible, but one he or she
could maintain for 5 min. The ob-
server verbally encouraged each
participant to walk as fast as pos-
sible throughout the test. Each par-
ticipant was evaluated
individually. The distance walked
was recorded in meters. Test-retest
reliability is 0.92 (p = 0.0001) and
the distance walked in 5 min cor-
relates significantly (r = 0.80, p =
0.0001) with the VO, max value
measured by a maximal treadmill
test (39).

Quadriceps  and  hamstring
strength. Isometric and isokinetic
strength were measured using a
Cybex II dynamometer (Cybex Di-
vision of Lumex, Inc., Ronkon-
koma, NY). After a warm-up
period of 4 full contractions (2 ex-
tension/flexion cycles) at a 30° an-
gle, the participant executed 4
isometric full contractions (2 exten-
sion/flexion cycles without any
pause between) at a 30° then a 60°
angle. The score recorded was the
better of the 2 torques generated
by each muscle group at each an-
gle. Isokinetic strength was evalu-
ated next. The participant first
executed 4 sub-maximal contrac-
tions (2 extension/flexion cycles)
and 2 full contractions (1 exten-
sion/flexion cycle) at a set rate of
30°/s to become familiarized with
the test. Next, the participant exe-
cuted 4 full isokinetic contractions
(2 extension/flexion cycles with a
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20-s pause between) at a rate of
30°/s, then 90°/s. The score re-
corded was the better of the 2
torques generated by each muscle
group at each rate. Finally, the
same procedure was repeated to
evaluate the quadriceps and ham-
string strength of the other leg.
During the test, the evaluator ver-
bally encouraged the participant to
produce his or her maximum ef-
fort. To keep strength measure-
ments valid, they were corrected
for the effect of gravity, Test-retest
reliability and concomitant validity
coefficients for torque measure-
ments using this apparatus are
very high, 0.995 and 0.999 respec-
tively (40).

Hamstring and low back flexibil-
ity. Hamstring and low back flex-
ibility were measured using the
“sit-and-reach test” (41). The par-
ticipant was asked to sit on the
floor with the legs extended on ei-
ther side of a graduated ruler fixed
to the floor. The participant then
placed his or her hands one on top
of the other at the beginning of the
ruler and slid them forward as far
as possible along the ruler to
achieve maximum trunk flexion;
he or she had to maintain this po-
sition for 2 s. The participant had
to repeat this movement 4 times.
The flexibility score recorded (in
inches) was the better of the final 2
tests. The test-retest reliability of
this measurement is 0.94 (42).

Joint Tenderness

Joint tenderness was measured
using Doyle’s (43) joint index,
which was specifically designed
for patients with osteoarthritis. The
evaluation consists of exercising
firm pressure on the joint margin
or making a passive movement
with the joint being measured.
Tenderness is quantified on a 4-
point scale based on 4 precise cri-
teria. The test-retest coefficient of
variation of this index is approxi-
mately 0.8% (43).

At the end of the intervention,
all participants were asked to an-
swer a questionnaire to determine

whether they had observed any
change in their osteoarthritis or
general condition since the begin-
ning of the study. If they answered
yes, they had to specify these
changes,

Confounding Variables

To verify the study’s internal
validity, 3 variables that could af-
fect the efficacy of the exercise pro-
gram were measured before and
after the intervention period. These
variables were: 1) physical exercise
habits, measured with the 7-day
recall (44), 2) weight, and 3) fre-
quency of use of medications for
osteoarthritis during the month
preceding the evaluation, mea-
sured with a questionnaire.

Interventions

The experimental volunteers
participated in three 1-hr sessions
of supervised exercises per week
over a 3-month period. Each exer-

cise session was divided into 3

parts. The session began with a 5-
min warm-up period comprising
alternating exercises designed to
warm up the muscles and joints
and moderately activate the cardi-
orespiratory system. The second
part of the session, lasting approx-
imately 50 min, consisted of sys-
tematically executing the 3 types of
exercises chosen for this study. The
first activity was a brisk walk de-
signed to improve aerobic capac-
ity. Second, the participants did a
series of exercises specifically de-
signed to develop the muscle
strength of the quadriceps, ham-
strings, abductors, gastrocnemii,
abdominals, pectorals, deltoids,
trapezoids, biceps, and triceps. The
strength exercises were done using
a progressive resistance system
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called “‘Thera-Band” (Hygenic
Corporation, Akron, OH). Third
was the resistance program, which
started with quadriceps and ham-
string isometric contractions at 3
different angles to build strength.
After 2 weeks, isotonic contrac-
tions of the quadriceps and ham-
strings were introduced. Other
muscle groups were gradually
added as the exercise program pro-
gressed. The intensity of isotonic
contractions ~ was  controlled
through the maximum number of
repetitions (MR) that could be
done for each exercise. Elastic
bands of various tension were pro-
vided to attain the expected MR
for each exercise. The stretching
regimens were then used to ade-
quately stretch the exercised mus-
cles. Depending on the muscle
group selected, the participant
moved the corresponding joint
through its full range of motion
and held this position for 15 s. The
exercise was repeated twice with a
rest of similar duration between
the exercises. For the first 2 weeks,
only sub-maximal range of motion
was allowed to prepare the artic-
ulation for maximal stretch. Ap-
proximately 17 min were allocated
to each of the 3 types of exercise.
The session ended with a 5-min
cool-down period during which
the participants were asked to re-
lax. The detailed progression fol-
lowed for each type of exercise is

" described in Table 1.

The control participants con-
tinued their usual daily activities
and, to minimize attention bias,
they attended 1-hour educa-
tion/information sessions twice a
month. The sessions covered vari-
ous aspects related to their osteo-
arthritic condition. It was mnot
feasible for the experimental group
to attend the information sessions.
To ensure that participation in the
exercise program was the only dif-
ference between the 2 groups, a
summary of the information ses-
sions was given to the experimen-
tal participants a few days after.
Also, to avoid any contamination,

the exercise and information ses-
sions took place at different times.
Finally, the participants in both
groups were asked to inform the
research coordinator if they had re-
ceived any intra-articular cortico-
steroid or wviscoelastic product
injection in the knee(s) during the
same period. If so, these partici-
pants had to be excluded from the
study.

Sample Size

The health status variable was
chosen to estimate the number of
participants in the study. In previ-
ous studies evaluating the effects
of an exercise program on the var-
iable of interest in this population,
the reported standard deviation
varied between 0.68 and 3.0 units,
for a total score varying between 0
and 10 for each subscale (24). To
avoid underestimating the varia-
tion, the maximum value, 3.0, was
used. The clinically important dif-
ference to detect was set at 1.5,
which corresponds to an average
standardized effect (45). Setting al-
pha (unilateral) at 5% and beta at
20%, 50 participants per group
were sufficient to satisfy the pre-
ceding restrictions. This number
was increased to 59 per group to
take into account a drop-out rate of
15% during the study.

Statistical Analyses

Statistical analyses of the data
were performed with SAS software
(SAS Institute Inc., Cary, NC). The
first step in the analysis consisted
of describing the participants’
characteristics. T tests for indepen-
dent samples were then applied to
the dependent and confounding
variables which were continuous
and normally distributed to eval-
uvate the equivalence of the 2
groups at baseline. For the varia-
bles for which the normality was
not satisfactory, Mann-Whitney’s
non-parametric test was applied,
and for the categorical variables,
the chi-square or Fisher’s exact test

was used. The second step con-

sisted of studying the impact of the
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program on the dependent varia-
bles. The continuous, normally dis-
tributed variables were analyzed
using an analysis of variance for
repeated measurements. The de-
gree of significance of the Group X
Time interaction was used to judge
the positive effect of the program.
The variables for which the nor-
mality was not satisfactory or
which were categorical variables
were analyzed using non-paramet-
ric' tests (Mann-Whitney, chi-
square or Fisher's exact test) com-
paring the 2 groups with regard to
the changes that occurred over
time. Finally, the confounding var-
iables were analyzed using para-
metric or non-parametric tests
depending on the type of variable
to verify the distribution of the
variables between the 2 groups be-
fore and after the intervention pe-
riod. The significance level was set
at 0.05. All reported p values are
for 2-tailed tests.

RESULTS

Group Comparisons at Baseline

During the intervention pe-
riod, 13 participants (9.5%)
dropped out of the study, 10 from
the experimental group, and 3
from the control group. The most
frequently cited reasons for drop-
ping out were the occurrence of a
medical problem unrelated to the
interventions and a lack of time.
However, one participant was
forced to quit after knee inflam-
mation because of the exercises
performed. The 13 who dropped
out were compared with the 124
participants who participated to
the end of the study. The partici-
pants who dropped out had the
following characteristics: a lower
education level, more difficulty
performing their household tasks,
fewer social activities, and more
joint pain. Finally, a larger per-
centage of those who dropped out
were separated or divorced.

Of the 124 participants who
were remeasured at the end of the
study, 59 were from the experi-
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mental group and 65 from the con-
trol group. The statistical analyses
comparing the 2 groups at baseline
revealed no significant difference
between the groups with the ex-
ception of the “household tasks”
subscale (p = 0.01); here the con-
trol group participants needed
slightly more help to do the tasks.
With regard to the confounding
variables, no significant difference
was observed between the 2
groups between the beginning and
end of the study. The characteris-
tics of the experimental and control
participants at baseline are shown
in Table 2.

Compliance

Compliance was measured by
noting the attendance of each par-
ticipant in the exercise or infor-
mation sessions. During the
intervention period, a total of 36
exercise sessions were held. The
average compliance of the experi-
mental participants was 86%
(range = 39%-100%). For the con-
trol group participants, who were
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asked to attend a total of 6 infor-
mation sessions, the compliance
rate was 82% (range = 33%—100%).

Outcomes

Significant differences between
the experimental and control
groups were observed for only 2 of
the 12 health aspects assessed by
the AIMS2. Participants in the ex-
perimental group showed greater
improvements than the control
group in the “walking and bend-
ing” and “arthritis pain” subs-
cales. The participants in both
groups had significantly less diffi-
culty performing the activities
measured by the “walking and
bending” subscale after the inter-
vention period. Although a signif-
icant improvement was observed
for both groups, the improvement
observed in the experimental par-
ticipants was significantly greater
than that observed in the controls
(p = 0.08). The intensity and fre-
quency of arthritic pain also dimin-

. ished significantly in both groups,

but once again, the reduction was

significantly greater in the experi-
mental group than the control
group (p = 0.02). Pre- and post-test
AIMS? results are shown in Table
3.

Table 4 reports the results of
the tests measuring the partici-
pants’ physical capacity. A signifi-
cant difference was observed
between the experimental group
and the control group in regard to
aerobic capacity. The significant in-
teraction effect (p = 0.0001) dem-
onstrates the positive effect of the
program on aerobic capacity de-
spite a slight increase observed in
the control participants. The same
was true for the performance of the
experimental participants on the
flexibility test, which, once again,
the interaction effect was signifi-
cant (p = 0.003). The results ob-
tained for  quadriceps and
hamstring isometric and isokinetic
strength are reported for the mus-
cles surrounding the most affected
knee radiologically and for the
muscles surrounding the less af-
fected or unaffected knee, With the
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exception of hamstring isometric
strength of the most affected knee
measured at a 30° angle, significant
differences between the 2 groups
were observed for all the results
obtained on the quadriceps and
hamstring isometric strength test
at the 2 angles evaluated. With re-
gard to the quadriceps isokinetic
strength test, no significant differ-
ence was observed between the
groups at either rate of movement.
However, for hamstring isokinetic
strength, significant ~differences
were observed between the 2
groups at both rates of movement.

Finally, no significant differ-
ences between the experimental
and control groups were observed
in joint tenderness (p = 0.18) and
self-rated health (p = 0.70). Results
concerning these outcomes are
summarized in Table 5.

In the questionnaire distributed
to the participants at post-test asking
if they had observed any changes in
their knee osteoarthritis or general
condition since the beginning of the

study, significant differences were
observed between the 2 groups (p <
0.0001). In the experimental group,
91.5% of the participants said they
had noticed some positive changes
in the knee osteoarthritis compared
with only 24.6% of the controls. Sim-
ilar results were observed with re-
gard to the participants’ general
condition; 93.2% of the experimental
participants reported  positive
changes compared with only 21.5%
of the controls.

DISCUSSION

After 3 months of intervention,
significantly greater improvements
were observed in the experimental
than the control group for the fol-
lowing variables: the ““walking and
bending” and “arthritic pain” subs-
cales, aerobic capacity, hamstring
and low back flexibility, quadriceps
isometric strength, hamstring iso-
metric and isokinetic strength, and
the perception of a positive change
with regard to the knee osteoarthri-
tis and general condition.

Péloquin et al. + Effects of Exercise in Osteoarthritic Patients

The subjective evaluation of the
impact of the program using the
AIMS?2 clearly demonstrates the ef-
ficacy of the exercise program on the
“walking and bending” and “ar-
thritic pain” subscales. A 23.5% im-
provement was observed with
regard to the intensity and fre-
quency of arthritic pain in the ex-
perimental participants. This result
is similar to those reported by other
studies that evaluated an exercise
program of the same duration as
that of the present program; signifi-
cant reductions in pain varying from
15% to 23.5% were observed after
programs comprising primarily aer-
obic or strength exercises (25, 26, 28,
46). In a much longer study, Ettinger
et al. (32) found only 12% and 8%
improvement in knee pain scores af-
ter 18 months of aerobic and resis-
tance training, respectively. As
mentioned by the authors, a com-
pliance rate of only 50% at 18
months could explain the smaller ef-
fects they observed compared with
previous studies.
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 VARIABLES
- HEALTH STATL

The present program also sig-
nificantly improved one or more
aspects meagured by the “walking
and bending” subscale of the
AIMS2. This improvement was
about 39.4%, which corresponds to
a reduction of 1.5 * 2.03 units.
Two other studies used this AIMS
subscale to measure the impact of
a predominantly aerobic program
on the ability of their osteoarthritic
participants to do these activities.
These studies reported significant
reductions of 0.89 * 1.9 units (46)
and an improvement of 39% (24),
respectively.

With regard to the other 10
health aspects measured by the
AIMS2, no significant differences
were observed between the 2
groups. The absence of change on
these 10 aspects could imply that,
taken overall, the program had
only a minimal impact on health
status. However, an analysis of the
factors that may have limited the
improvement observed on these
aspects provides some indication
that the reported health status im-
provement was substantial. In fact,
the little effect observed on the fol-
lowing health aspects: mobility
level, hand and finger function,
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arm function, self-care tasks, and
household tasks, could be related
to the low scores obtained (i.e., low
disability) by the participants at
pretest. These low scores reveal a
ceiling effect that makes potential
improvement difficult. A recent
study reported that certain AIMS
subscales, particularly those meas-
uring social and psychological as-
pects, were not very sensitive to
change (47). This weak sensitivity
could account for the lack of effect
observed in this study on the “so-
cial activity” and “‘support from
family and friends” aspects, and
on “level of tension”” and ““mood”.
A more responsive disability ques-
tionnaire, such as that used in the
Fitness Arthritis and Senior Trial
study (32), should. be used in fu-
ture studies of the effects of exer-
cise in patients with osteoarthritis.
Ettinger et al. (32) reported a 10%
improvement in self-rated physical
disability after an 18-month aero-
bic exercise program and a 8% im-
provement in the participants who
performed resistance exercises.
The exercise program did not
reduce joint tenderness signifi-
cantly more in the experimental
than in the control participants.

This stability could be attributable
to the almost complete absence of
inflammation in the participants’
joints. According to Doyle et al.,
(43), joint tenderness is a reflection
of inflammation in osteoarthritis.
The scores obtained on this vari-
able at pretest suggest that the par-
ticipants” joints at baseline were
not very inflamed, thus leaving lit-
tle room for improvement.

The experimental participants
significantly improved their walk-
ing distance by 12.8% after the ex-
ercise program. This improvement
is lower than that observed in the
study by Kovar et al. (24), in which
the distance walked in 6 min in-
creased from 381 to 451 meters,
that is, an 18% change, after an ex-
ercise program for persons with
osteoarthritis of the knee. The main
component of their program,
which lasted only 8 weeks, was a
30-min walk. The greater improve-
ment observed in the latter study
with a shorter exercise period
could have resulted from a much
lower initial aerobic capacity level
in these participants compared
with the experimental participants
in the present study. To date, only
one study has used the 5-min
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walking test to assess the effects of
an exercise program on the aerobic
capacity of participants with ar-
thritis (38). After a predominantly
aerobic 3-month exercise period,
the authors found that the distance
increased by about 8%, which is
slightly lower than the 12.8% result
obtained in the present study. This
4.8% difference could also be re-
lated to a difference in the initial
aerobic capacity of the partici-
pants. Therefore, the improve-
ments obtained in the present
study are comparable to previ-
ously reported results of programs

comprising primarily aerobic ex-
ercises.

A significant improvement of
2.89 + 2.74 inches was observed in
hamstring and low back flexibility
in the experimental participants in
the present study. This improve-
ment is higher than those reported
by Minor et al. (46) after a 12-week
exercise period for participants
with osteoarthritis of the weight-
bearing joints who participated in
a predominantly aerobic (0.85
inch) or flexibility (1.9 inches) ex-
ercise program.

The percentage improvements
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observed for quadriceps isometric
strength of the experimental partic-
ipants varied between 8.4% and
17.1% and those for hamstring iso-
metric strength between 15.3% and
35.9%. These results are compara-
ble to or slightly lower than those
reported by studies that evaluated
the efficacy of programs that in-
volved individuals with osteoar-
thritis of the knee doing isometric
exercises during each exercise ses-
sion (21, 25, 26, 28, 29). However,
the number of exercises that pro-
duced the improvement in the
strength' of these muscle groups
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was much larger and these studies
did not include a control group in
their protocol, which casts some
doubt on the true impact of their
program on this type of strength.

Concomitant significant in-
creases occurred for hamstring iso-
kinetic strength. The experimental
participants in the present study
obtained significant improvements
varying between 20.6% and 69.4%.
These results are similar to those
showing the existence of a strong
correlation between isometric and
hamstring isokinetic strength both
in healthy individuals (48, 49) and
in persons with osteoarthritis of
the knee (50). In this regard, it is
difficult to explain the lack of a sig-
nificant improvement in the quad-
riceps muscle group of the
experimental participants. In oste-
oarthritic participants comparable
to ours, Ettinger et al. (32) also
found, in both of their exercise
groups, a significant gain in ham-
string isokinetic strength with no
change in quadriceps isokinetic
strength. They did not comment on
these results. A tentative explana-
tion is that the quadriceps of am-
bulatory patients with knee
ostecarthritis are frequently called
on by dynamic muscle contractions
that occur regularly at different
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speeds and intensities during
walking in particular. Hence, their
training programs and ours may
have failed to provide the proper
stimulation needed to provoke a
gain in quadriceps isokinetic
strength. A possible reason is that
the training intensity of this muscle
group was too low or inaccessible
to these patients, because the de-
velopment of strength is restricted
by a lower knee pain tolerance as-
sociated with this exercise.

The physical tests used to mea-
sure the participants’ performance
on the physical capacity compo-
nents produced an objective pic-
ture of the results obtained by the
subjective measurements. In view
of the improvements observed,
however, it is surprising to find
that the experimental participants
did not view themselves as being
in better health than the control
participants after the exercise pro-
gram. Although a valid question
was used to measure this variable,
the question is probably not for-
mulated in a way that allows per-
sons with a chronic disease to
express the concept of change or
improvement. Therefore, it is pos-
sible that they felt a positive
change in their general condition,
performed better on the walking

tests, and had less pain after the
program, without, however, per-
ceiving themselves to be in better
health than a person of the same
age who does not have a chronic
disease or any other health prob-
lem.

Possible limitations of the
study should be kept in mind
when interpreting our results.
First, the control group received
much less intervention than the ex-
ercisers. Hence, it is possible that
part of the effects observed in the
experimental group is attributable
to a Hawthorne effect. A second
limitation is the use of the AIMS2
to document the effects of the ex-
ercise program on the participants’
overall health. As mentioned pre-
viously, the absence of change on
most subscales of the AIMS2
should not be taken as proof of the
uneffectiveness of the intervention,
but as an indication of the lack of
responsiveness of the scale and of
its inability to truly reflect partici-
pants’ disability at baseline. Third,
some improvements were seen in
the controls. This suggests that
part of the effect noticed in the ex-
ercisers is not caused by the inter-
vention to which they were
exposed. Three factors may explain
the improvements seen in the con-
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trol group. First, education has
been shown to be effective in re-
ducing pain and disability from os-
teoarthritis (51-51). Second, the
level of attention given to the con-
trol participants could have moti-
vated them enough to give a better
performance post-test. Improve-
ments could also reflect a learning
effect resulting from the short time
between pre- and post-test meas-
urements. Physical performance
tests are especially prone to that
bias (42). However, it must be re-
membered that even though the
control group showed significant
improvement on some outcomes,
the experimental group improved
significantly more than the control
group on these outcomes.

CONCLUSION

Despite the limitations cited
above, the results of this study
strongly suggest that a cross-train-
ing program that systematically in-
cludes aerobic, resistance, and
flexibility exercises is effective in
reducing arthritic pain and physi-
cal disability. Considering that
such a physical training program is
a relatively inexpensive nonmedi-
cal intervention that is safe and ef-
ficient for improving the global
health of patients with knee osteo-
arthritis, we believe it should be in-
cluded in the treatment plan of
these patients.
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