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Background and Purpose

Muscle strength training is important for people with knee osteoarthritis (QA).
High-resistance exercise has been demonstrated to be more beneficial than low-
resistance exercise for young subjects. The purpose of this study was to compare the
cffects of high- and low-resistance strength training in elderly subjects with knee OA.

Subjects and Methods

One hundred two subjects were randomly assigned to groups that received 8 weeks
of high-resistance exercise (HR group), 8 weeks of low-resistance exercise (LR
aroup), or no exercise (control group). Pain, function, walking time, and muscle
torque were examined before and after intervention.

Results

Significant improvement for all measures was observed in both exercise groups.
There was no significant difference in any measures between HR and LR groups.
However, based on effect size between exercise and control groups, the HR group
improved more than the LR group.

Discussion and Conclusion

Both high- and low-resistance strength training significantly improved clinical effects
in this study. The effects of high-resistance strength training appear to be larger than
those of low-resistance strength training for people with mild to moderate knee OA,
although the differences between the HR and LR groups were not statistically
significant.
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Resistance Training for Patients With Knee Osteoarthritis

gy . it

nee osteoarthritis (QA) is a

common musculoskeletal dis-

order, the prevalence of which
increases with age.'-? Individuals
with knee QA typically have knee
pain, joint stiffness, deficits in pro-
prioception, and decreased muscle
strength  (force-generating  capaci-
ty).>4 Quadriceps femoris muscle
weakness has been demonstrated
to correlate with knee pain and
functional disability.?-7 For instance,
Steultjens and colleagues’ reported
that decreased quadriceps femoris
muscle strength accounted for 15%
to 20% of lower-extremity functional
disability and for 5% of the knee pain
associated with OA., Therefore, one
aim of physical therapy intervention
for patients with OA is to increase
the strength of the musculature sur-
rounding the knee joint.

Although numerous researchers>8-10
have reported that muscle strength
training leads to increased range of
motion, muscle strength, and func-
tional ability for patients with knee
OA, many unanswered questions still
exist regarding the optimal exercise
regimen. Issues relating to optimal
intensity (training weight) and vol-
ume (relates to the number of sets as
well as the number of repetitions)
need to be further explored to find
the ideal form of therapeutic exer-
cise to elicit the greatest functional
improvement for patients with knee
OA. L2 Kryger and Andersen!? dem-
onstrated that, after 12 weeks of
heavy resistance training (80% of 1
repetition maximum [RM]), elderly
subjects increased their isometric
knee extensor strength by 37%, their
isokinetic knee extensor strength by
41% to 47%, and their lean quadri-
ceps femoris muscle cross-sectional
area by 9.8%. Folland and Wil-
liams,'3 after reviewing various arti-
cles, concluded that the gains in
strength with high-resistance strength
training are undoubtedly due to a com-
bination of neurological and morpho-
logical factors. Although the neurolog-
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ical factors may make their greatest
contribution during the early stages
of a training program, so do hyper-
trophic processes. Furthermore, there
is accumulating evidence that low-
intensity training programs can be ef-
fective in increasing neuromuscular
performance in elderly subjects,4-16
Many researchers have reported that
various forms of low-resistance exer-
cise (eg, walking, stepping)!”-2? could
increase muscle strength through neu-
romuscular mechanisms, 1#:20

Some authors”2! have reported the
clinical effectiveness  of  muscle
strengthening exercises in patients
with knee OA and have suggested
that the exercise should not in-
clude high joint load. If the knee
joint is overloaded, patients with
knee OA may aggravate symptoms
such as pain, swelling, and intlamma-
tion.222* However, other authors24-26
have declared that strength training
of a vigorous intensity (50%-80% of
1 RM) does not appear to induce or
exacerbate joint symptoms in older
adults, Thus, at the present time, it is
not clear what level of strength train-
ing weight or resistance is optimal to
facilitate symptomatic improvement
or functional gains in individuals with
knee OA.

The purpose of this study was to
investigate differences in knee pain
and functional scores, walking time,
and knee muscle torque following
high- and low-resistance strength
training and no exercise. We hy-
pothesized that subjects who re-
ceived either high- or low-resistance
strength  training  would  exhibit
greater functional improvement com-
pared with subjects who received no
eXCICise.

Method

Subjects

Subjects were recruited from the
Department of Orthopedics, National
Taiwan University Hospital, from Jan-
vary 2004 to June 2005. Osteoarthritis
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was diagnosed on the basis of clinical
history, radiograplic changes, and
physical examination of the patient by
an orthopedic surgeon (YL). By the
time patients enrolled in the study,
they had bilateral knee pain that ful-
filled the American College of Rheu-
matology criteria for knee OA.27 The
AmericanCollegeofRheumatologyclas-
sification system is 91% sensitive and
86% specific for a diagnosis of knee
OA if a person has knee pain and o0s-
teophytes confirmed by radiography
with the following 3 conditions: ex-
periencing stiffness for less than 30
minutes in the morning, having crepi-
tus, and Deing older than 50 years
of age.s” Additional inclusion criteria
were: (1) an QA grade of 3 or lower
on the Kellgren/Lawrence classifica-
tion based on plain radiographs,2® as
assessed by the same orthopedic sur-
geon (YD), who had more than 30
years of clinical experience, and
(2) a history of knee pain longer than
6 months (chronic knee QA). To
account for the effects of medication,
subjects did not take nonsteroidal
anti-inflammatory drugs during their
participation in the study. Patients
were excluded if they had received
knee physical therapy during the
preceding 3 months or had other
musculoskeletal problems associated
with the knee joint (such as tendon or
ligament tears), central or peripheral
neuropathy, or other unstable medical
conditions,

A sample size of 28 subjects per
group provided 80% power to detect
a clinically meaningful difference in
muscle strength of 10 N'm (SD=15)
with a4 pair-wise comparison among
3 groups at an alpha level of .05 (2-
ailed test). The cutoff of 10 N'm for
clinically significant effect was deter-
mined in a previous study.? In addi-
tion, in anticipation of a dropout rate
of 10%, we enrolled at least 31 par-
ticipants in each group.

One hundred two subjects partici-
pated in this study. After giving in-
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133 contacts -~

20 did not meet inclusion
criteria, 11 refused
participation

P

Randomized (n=102)

Allocation
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Allocated to intervention
(H R) (ﬂ=34)

Allocated to intervention
(LR) (n=34)

Fru

Allocated to intervention
(controf) (n=34)

Follow-up
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Discontinued intervention
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Discontinued intervention
(n=3) (reason: knee pain) (n=0)

i A P g PP

Lost to follow-up (n=4)
(reason: personal reasons

|

Analysis
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S other than knee pain)

o TS

Analyzed (n=34)

Analyzed (n=34)

e

Analyzed (n=30)

Figure,

CONSORT flow diagram showing the flow of participants through each stage of the
randomized controlled trial. HR=high-resistance exercise group, LR=Ilow-resistance

exercise group.

formed consent, the subjects were
randomly assigned to 1 of 3 groups
using a randomization number table
from a random integer generator: a
group that received high-resistance
exercise (HR group), a group that
received low-resistance  exercise
(LR group), and a group that re-
ceived no exercise (control group).
During follow-up, 3 subjects in the
HR group discontinued the training
program due to knee pain with
the exercise. Four subjects in the
control group did not complete the
follow-up assessment for personal
reasons other than knee pain. Thirty
subjects in the control group, 34 sub-
jects in the HR group, and 34 sub-
jects in LR group completed the
study (Figure).
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Intervention

Training weight. According to
the criteria defined by Beneka et al?®
for elderly people, 50% and 90% of
1 RM should be attained for low-
and high-resistance strength training,
respectively. However, in an unpub-
lished pilot study (N=10), we found
that 7 subjects with Western Ontario
and McMaster Universitics OQsteoat-
thritis Index (WOMAC)?? pain scores
of =5 were not able to tolerate a
training weight of 80% of 1 RM. After
several trials, 60% of 1 RM was
designated as the initial intensity
for high-resistance strength training
(about 45-50 kg). In order to ob-
serve a greater clinically meaningful
difference between high- and low-
resistance exercises, the initial low-
resistance training intensity was set

- Y Y ——r —— —p—

at 10% of 1 RM (about 7-10 kg).
For the purpose of accomplishing a
similar total volume of training (re-
sistance X repetitions X sets), the
high-resistance exercise (60% of 1
RM) consisted of 8 repetitions X 3
sets (training volume per session= 1
RM X 0.6 X 24=144 X 1 RM),
and the low-resistance exercise
(10% of 1 RM) consisted of 15 repe-
titions X 10 sets (training volume
per session=1 RM X (1 X
[150=15 X | RM).

Exercise procedure. Before resis-
tance training, the EN-Dynamic Track
leg press machine* (Enraf-Nonius BV,
Netherlands) was used to measure
1-RM unilateral strength in the lower
extremity, The testing resistance was
set at 0.5 to 0.6 times body weight, A
single set of repetition-to-fatigue test
was performed. All subjects were en-
couraged to perform as many unilat
cral leg press repetitions as possible
until they could not press or failed to
compilete a full range of motion again.
Finally, the resistance load and the
number of repetitions of each subject
were recorded to estimate the unilat-
eral 1-RM value using Odvar Holten
Pyramid diagram?! provided by the
software of the EN-Dynamic Track ma-
chine. Subjects performed knee resis-
tance training in a sitting position,
with one foot placed on the center of
the pedal of the EN-Dynamic Track
machine, Subjects were asked to fully
extend and flex their knee joint from
90 degrees of knee flexion. Each ac-
tion was completed rthythmically, with
the first second spent extending the
knee and the following second spent
flexing the knee.

The subjects in both exercise groups
underwent 3 training sessions per
week for 8 weeks in our kinesiol-
ogy laboratory. The program was de-
livered individually to the subjects
and supervised by an experienced

* Bnraf-Nonius, Rontgenweg 1/P0 Box 810,
2600 AV Delft, the Netherlands.
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therapist. Every 2 weeks, 1 RM was
retested, and the training weight
for both groups was progressively
increased by 5% of the new 1 RM,
as tolerated. Subjects rested for 1
minute between sets. Both legs were
trained, with a 5-minute interval be-
tween left and right knee sessions.
Subjects in the control group did not
receive any intervention. All sub-
jects assigned to an exercise group
used an exercise bicycle for 10 min-
utes as a warm-up betore undertak-
ing resistance training. Cold packs
were applied to subjects’ knees for
10 minutes after exercise comple-
tion. An exercise session took ap-
proximately 30 minutes in the HR
group and 50 minutes in the LR
group. All subjects were asked to
cease any exercise activity outside of
the exercise training.

Measurements

Pain and physical function scores.
Pain was assessed for 5 activities
(walking on level ground, walking
up and down stairs, sleeping, sitting,
and standing) using the WOMAC
pain scale,?® with a maximum score
of 20 points. For each of these ac-
tions, pain was scored between 0O
and 4, with 4 indicating great pain
and O indicating no pain. The func-
tion of bilaterally affected knees was
assessed by the physical function
subscale of the WOMAC. The capac-
ity of individuals to perform a variety
of tasks was scored between 0 and 4,
with 4 indicating great difficulty and
0 indicating no difficulty. A total of
17 tasks were included, such as
walking up and down stairs, standing
up, bathing, and general housework.
Thus, the maximum overall score,
which indicates severe disability,
was 68 points.

Walking time over 4 different ter-
rains. Subjects were required to
complete 3 tasks as rapidly as pos-
sible: (1) walking on a 60-m-long,
level-ground hard surface (a corri-
dor); (2) walking along a figure-

e

A

cight pattern consisting of 2 circles
(each with a 50-cm radius); and
(3) walking up and down 13 steps on
a staircase (each step was 16 ¢m
high, 30 c¢cm long, and 80 cm wide).
In addition, subjects were asked to
walk at a comfortable pace along a
12-m-long spongy surface measuring
10 cm in thickness and 21 Shore 000
in hardness (medium hard). All walk-
ing trials were recorded using a
Casio HS-20 stopwatch,” which is
accurate to 0.01 of a second. Interses-
sion intrarater walking time reliability
was examined in an unpublished pre-
liminary study of 10 young subjects
who were healthy, taking 2 trials for
¢ach terrain, The intraclass correlation
cocfficients (3,2) were .80, .81, .76,
and .82 for the ground-level, stair-
climbing, figure-eight, and spongy-
surface tasks, respectively, Addition-
ally, the standard error  of
measurement (SEM) for these tasks
was 2.2, 2.1, 1.0, and 1.1 seconds,
respectively.

Measurement of knee extensor
and flexor torque. Muscle torque
of the bilateral knee extensors and
flexors was tested at 60°, 120°, and
180°/s using a Cybex 6000 isokinetic
dynamometer.* Subjects were placed
in 4 sitting position against a backrest
inclined 15 degrees backward from
vertical and were secured to the ma-
chine at the upper chest, pelvis, and
distal femur on the tested side. The
subjects were instructed to extend
their knee as far as possible and then
to flex as far as the device allowed.
The between-sessions (1-week inter-
val) intrarater reliability of muscle
torque measurement was examined
by using the intraclass correlation co-
efficient, and the values were found to
range from .83 to .88 for the 3 muscie
velocity contractions in both the ex-

t Casio Computer Company Ltd, 6-2, Hon-
machi l-chrome, Shibuya-ku, Tokyo, Japan.

¥ Cybex International Inc, 10 Trotter Dr, Med-
way, MA 02053,
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tensor and flexor muscles. The SEMs
ranged from 4.7 to 8.4 N'm.

Procedure

Prior to randomization, all subjects
were given health education on knee
OA, including weight reduction,
joint protection, and appropriate be-
havior changes to enhance func-
tional outcome, and an explanation
of methods that may relieve pain,
preserve mobility, adjust to the en-
vironment to accommodate func-
tional deficits, and manage their
discomfort at home. All subjects un-
derwent an initial baseline assess-
ment of WOMAC pain and physical
function subscale scores, walking
time on 4 different terrains, and mus-
cle torque of the knee joint in se-
quence. Two trials were undertaken
for each walking task, and muscle
torque trials were repeated 3 times.
The mean of the 2 walking trials was
used for final assessment of each
walking task. The highest values for
each muscle torque trial at each
speed were recorded as peak torque.
Routine calibration of the Cybex ma-
chine was performed prior to the
testing of each subject. Data were
corrected for gravity. All participants
were subjected to identical follow-
up assessment within 3 days after
completing the intervention. Either
leg of each subject received the
strength training alternately, The
measurements of muscle torque in-
cluded both legs in the analysis of
between-groups  differences  be-
causc walking speed was the con-
comitant effort of both legs and the
sampling of one limb for one person
might not simulate the independent
variable appropriately, This study
had a single-blind randomized con-
trolled trial design, and all evalua-
tions were petformed by the same
examiner, who was unaware of the
subjects’ group assignments.

Data Analysis
The distribution of subjects by sex
and the OA grades based on radio-
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Table 1.
Subject Demographic Data“
Variable HR Group LR Group Control Group
(n=34) (n=34) (n=30)
Age (y) 63.3%6,6 61.8*x7.1 62.8+6.3
Sex (female:male) 27:7 27:7 25:5 |
Height (cm) 161.8+7.8 161.9%7.2 160.4+7.6
Weight (kq) 63.12+10.5 62.8%£10.2 61.9+£10.8
Onset of knee QA 3.3x2.8 2.8+2,2 3.5%3.3
duration (y)
X-ray grade, no. of
knees
l 8 9 7
1} 43 43 40
H 17 16 13

9 Data for height, weight, and onset of disease duration are presented as mean *5D, HR=high-
resistance strength training, LR=low-resistance strength training, control=no exercise,

QA=osteoarthritis.

graphs among the 3 groups were
compared using the chi-square test.
Baseline values for pain, function,
walking time on 4 different ter-
raing, and muscle torque of the
knee were compared among groups
using 4 one-way analysis of variance
(ANOVA). A 3 X 2 two-way ANOVA

was used to compare the effects of

aroup (HR, LR, control) and timing
(preintervention and postinterven-
tion). When interactions were de-

tected, a post boc analysis with Bon-
ferroni adjustment was performed.
Data were subjected to an intention-
to-treat analysis and included all drop-
outs. Differences were considered to
be significant when P<<.05 (ANOVA)
or P<,008 (multiple comparisons).

Results

The demographics for the 3 study
groups are presented in Table 1.
There was no significant difference

Table 2.

Preintervention and Postintervention Western Ontario and McMaster U
Physical Function Subscale Scores and Walking Time Over 4 Different -

e P el ——

among the 3 groups on any variables
at baseline, In the HR group, 3 sub-
jects could not continue the study
due to knee pain during the exercise.
[n addition, 3 subjects could not tol-
erate resistance training beyond 70%
of 1 RM.

The WOMAC pain and physical func-
tion subscale scores and walking
times on 4 different terrains for the 3
groups before and after the 8week
period are presented in Table 2. The
large effect sizes for those variables
ranged from 0.82 to 2.42, except for
walking time for level ground and on
stairs in the HR and LR groups. Walk-
ing time on a spongy surface demon-
strated the strongest cifect sizes
(2.42 and 2.08 in the HR and LR
groups, respectively). The walking
times on level ground and on stairs
had medium effect sizes, ranging
from 0.43 to 0.72. No changes were
found in the control group, The min-
imal detectable changes with 2 90%
confidence interval (MDC,,) for pain
and physical function scores were
2.73 and 648, respectively, in the
HR group and 2.21 and 6.37, respec-
tively, in the LR group. The MDC,,
for walking time on level ground, on
stairs, in a figure-eight pattern, and

niversities Osteoarthritis Index (WOMACQC) Pain and
‘errains by Treatment Group®

Variable HR Group LR Group Control Group
Preintervention | Postintervention | Preintervention | Postintervention | Preintervention | Postintervention
WOMAC pain 8.5+3.8 4,83 .5%1 7.8+3.3 4842 7%% 8.3+4.6 7.143.4
subscale
WOMAC physical 26.4%9.0 14.7 £8.5%7 26.1x8,1 14.8+9.2%F 25.4+11.3 22.5%710.9
function
subscale
Walking time (s) ‘
Level ground 38.6+6.2 35,553 37.5%4.9 33.9+5.1* 38,4+7.5 | 38.026.8
Stairs 15,9%5.4 13.5+4.4* 16.2%5.1 14.2:+4,1* 15,9£5.5 14,5%4,2
Figure-eight 11.0£2.3 6.12,0%" 10,927 6.8%1.4%3 10.8+1.8 12.1%1.8
pattern
Spongy surface 12,6%2.7 6.3x2,5%1 12.5%3.6 7,327 ,4%F 11.8%3.0 12.5+3.2

“ Data are presented as meanxSD, Asterisk (*) denotes within-group difference was significant (P<.05), dagger (1) denotes significant postintervention
difference between HR and control groups (P<.008), double dagger (1) denotes significant postintervention difference between LR and control groups

(P<2,008).
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Table 3.
Preintervention and Postintervention Isokinetic Peak Knee Extension and Flexion Torque (in Newton-meters) by Treatment
Group”
Variable HR Group LR Group Control Group
Preintervention Postintervention Pre!nterven:lnn Pn:tinterw_antlun Prelnterven.t—l:n Postintewentlur;
Extensor .
60°/s ?1.4:??; J;ﬂ'{;;ll 6%1 ?S.Zi?ﬂ.ﬁ ) ! *:?;6;?':24.*2*4 ] ?3.2:':.2-1 .3- | 72.?;22.3
120°/s 58.7%15.6 70.9x21.0*1 60.4x17.7 70.5420,6% 60.3+20.6 61.2x21.9
180%/s | 45.6x8.8 | ;;71.19.9:: - 48.8;1.3“ 1[ 58.8:21.0%+ ;;.1 t19.9ﬂ ———[-_4;9::19.34
Flexor . ' B [ B ) | -
60°/s “‘:37._0i18.4 57_4539*.1 47.5%10.1 61.%:‘:20.1*—* “_41.3i20.5* ] 42.5=20.8
120°/s 38.1%15.4 } Sd.Bigf*-f 36.24£10.3 47.2+18.2%% ) 37.9+15.6 39.2x17.8
| 180°/s ?Bﬂ;é.é | mm40.1 :.*:.16._2*-* - 31.6+9.5 ““‘_’ffgﬂg;’: 3{;:&1 ;.Bm ) 32.4::15.3- )

7 Data for average torque of each leg are presented as mean=SD, Asterisk (*) denotes within-group difference was significant (f<.05), dagger (f) denotes
significant postintervention difference between HR and control groups (P<.008), double dagger (}) denotes significant postintervention difference between

LR and control groups (P<<.008).

on a spongy surface was 5.99, 4.99,
2.45, and 2.56 seconds, respectively,
in the HR group, and 5.21, 4.67,
2.34, and 2.47 seconds, respectively,
in the LR group.

The 2-way ANOVA for repeated
measures on the time factor revealed
A significant interaction effect for
the WOMAC pain and physical func-
tion subscale scores and for walk-
ing time on 4 different terrains
(P<.001). Post boc analyses indi-
cated that, when compared with the
preintervention values, the WOMAC
pain and physical function subscale
scorcs and walking times on 4 differ-
ent terrains had significant improve-
ments in the HR and LR groups
(P<<.008) but were not changed in
the control group. The post boc anal-
yses also indicated that, after the in-
tervention, both exercise groups
demonstrated significant improve-
ments in WOMAC pain and physical
function subscale scores and in walk-
ing times on the figure-eight pattern
and on the spongy surface compared
with the control group (P<.008).
However, there were no significant
differences in improvement be-

tween HR and LR groups for any of

the variables examined (P>.008).

The effect sizes between HR and
control groups for the aforemen-
tioned variables were from 0.64 to
3.13. The effect sizes for the LR and
control groups were from 0.51 to
2.70. Examination of the effect sizes
between the exercise and control
groups suggests that high-resistance
exercise training had a larger effect
than low-resistance exercise training.

The results for average isokinetic
peak torque for each leg for the 3
groups before and after the 8-week
intervention period are shown in Ta-
ble 3. The 2-way ANOVA for re-
peated measures on the time factor
revealed significant interaction ef-
fects for muscle torque. Post boc
analyses indicated that, when com-
pared with the preintervention val-
ucs, the peak torque of the knee ex-
tensors and flexors at the 3 velocities
of muscle contraction was signifi-
cantly greater in both exercise
groups (F<.008) but was not
changed in the control group. After
the intervention, both exercise
groups had significantly greater im-
provements in knee extensor and
flexor torque at the 3 velocities of
muscle contraction compared with
the control group (P<.008). How-

gyl y— i
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ever, there was no significant dif-
ference in improvement in muscle
torque between the HR and LR
groups (P>.008).

At the 3 velocities of muscle con-
traction, the effect sizes of the knee
extensors and flexors ranged from
0.67 to 0.85 and from 0.74 to 0.83,
respectively, in the HR group. In the
LR group, the effect sizes of the knee
extensors and flexors ranged from
0.53 to 0.62 and from 0.86 to 1.40,
respectively. For muscle torque, the
effect sizes ranged from 0.57 t0 0.75
in the HR group and from (.42 to
0.68 in the control group. The dif-
ferences in the effect size among
groups suggest a larger training ef-
fect for the HR group than for the LR
group.

Discussion

Individuals with knee OA who un-
dertook a program involving a simi-
lar volume of mechanical work
strength training for 8 weceks dis-
played significant improvements in
knee pain, function of the lower ex-
tremity, walking speed on 4 different
terrains, and knee muscle torque fol-
lowing either high-resistance or
low-resistance exercise, Compared
with the control group, however,

April 2008
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high-resistance exercise training ap-
pears to have a larger effect than
low-resistance exercise training on
all variables mecasured.

improvement in WOMAC Pain
and Physical Function Subscale
Scores

Increases in both flexor and extensor
muscle strength have been shown to
increase general knee stability 32 En-
hanced knee stability results in better
functional performance of the lower
extremity. Therefore, an essential aim
of exercise therapy in patients with
knee OA should be to increase both
extensor and flexor muscle strength,
Devyle et al®? examined the frequency
of knee arthroplasty in patients with
knee OA who undertook an 8week
strength training program. They found
that 20% of the subjects in the placebo
group had undergone arthroplasty at
the 1-year follow-up, whereas only 5%
of the subjects who underwent the
exercise intervention required sur-
gery. This is further evidence support-
ing the notion that strength training is
beneficial for patients with knee OA.

In both the HR and LR groups, the
improvements in WOMAC pain sub-
scale scores (range=3.0-3.7) and
physical function subscale scores
(range=11.3-11.7) were greater than
the MDC,,, (2.7 and 6.5, respectively).
We concluded that both high-
resistance and low-resistance exercise
training in the current study led
to clinically meaningful reductions
in pain and improvements in func-
tional performance in patients with
knee OA.

Our results support the findings of
previous studies®4#-11 indicating that
strength training reduces pain and
improves physical function in peo-
ple with knee OA. Fransen et al'!
reviewed various$ articles and found
that the statistically significant bene-
ficial effect sizes for individual ther-
apeutic exercises in people with
knee OA were 0.52 for pain and 0,32
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for physical function, which are
lower than those of the current study
(range=00.82-1.34). Fransen et al de-
claredd that their review underesti-
mated the overall beneficial effect of
exercise among people with knee
OA because of the reportable diffi-
cultics in accurately assessing im-
provement in pcople with early or
mild symptoms due to small absolute
improvement. Furthermore, we have
hypothesized that a possible reason
for overestimating the effect size in
the current study may have been due
to the 10 minutes of biking for
warn-up preexercise training, as
well as the 10-minute application of
cold therapy following exercise in-
tervention, Cooling the tissues can
increase the pain threshold and de-
crease muscle spasm.343% Cold is rec-
ommended for clinical us¢ in myo-
fascial pain syndromes to decrecase
muscle spasm and pain. 335 There
have been no controlled studies in-
dicating its usefulness in QA, al-
though it may reduce soft tissue
swelling over painful joints. Addi-
tional studies are necessary to delin-
eate the effects of warm-up, other
modalities (eg, cold), and exercise
interventions and their interactive ef-
fects in patients with knee OA.

Walking Speed and Ability to
Walk on Uneven Terrains

Walking is a common functional ac-
tivity of daily living. Spatial and tem-
poral gait parameters have clinical
relevance in the assessment of motor
pathologies.?®37 Currently, the most
widely used informal measures are
walking speed on level ground and
stair-climbing ability as an estimate
of gait capacity.3832 In addition,
training to walk in a figure-eight pat-
tern and on uneven terrain usually is
added in the later stages of reha-
bilitation of patients following ante-
rior cruciate ligament reconstruc-
tion,404) Patients tend to walk more
slowly on those terrains due to in-
creased demands on balance and
proprioception. Our results demon-
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strate that walking speed increased
for all measures on 4 different ter-
rains in both the HR and LR groups.
Perhaps more importantly, walking
speed on level ground after training
was greater than 100 m/min, similar
to that in adults of similar ages who
are healthy.%2 Walking speed in the
control group remained unchanged
for any of the measures. Therefore,
we hypothesized that the strength
training program used in the present
study can effectively improve the
walking speed of patients with knee
OA.

In both exercise groups, the improve-
ments in  walking time (range=
2.0-6.3 seconds) were greater than
the SEMs (1.0~2.2 seconds) for all
measures on 4 different terrains, How-
ever, the improvements in walking
time were greater than the measure-
ments of MDC,,, for the figure-cight
and spongy surface tasks, but not for
walking on level ground and climbing
stairs. We speculated that both high-
resistance and low-resistance training
with weight bearing could meaning-
fully improve walking speed on a
curved path or uneven floor, which
demands higher neuromuscular con-
trol of the lower extremity, 1344

improvement in Muscle Torque

Evans®> recommended that an inten-
sity of approximately 80% of 1 RM
should be used to maximize strength
and functional gains for resistance
training in the aged population.
Other authors'24047 also declared
that high-resistance training was ben-
eficial in increasing muscle strength,
size, and range of motion in older
men. Folland and Williams!'®  re-
ported that repetitive exposure to
high-resistance strength training is
one of the most popular ways to in-
crease muscle strength. The effects
of high-resistance strength training
are attributed to a range of neuro-
logical and morphological adapta-
tions and involve an increase in
cross-sectional area of the whole
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muscle and individual muscle fibers as
well as improvement of motor learn-
ing and coordination. Andersen et al®
suggested that heavy resistance ex-
ercises should be included in rehabili-
tation programs to induce sufficient
levels of neuromuscular activation to
stimulate muscle growth and strength.
With respect to knee OQA, many re-
searchers®41-23  have declared that
strengthening exercises should not in-
volve the use of excessive weight.

Patients with knee OA often exhibit
a gradual decline in knee muscle
strength. 5 Strength of the quadri-
ceps femoris muscles has been
shown to be an important predictor
of walking speed and functional per-
formance in patients with knee OA.©
Research has indicated that weak-
ness of the knee muscles is one of
the major risks associated with joint
instability.4? Some authors2?:30 have
reported that therapeutic exercise,
including open and closed kinetic
chain exercise, and progressive resis-
tance training can increase muscle
strength in patients with knee OA.
In the present study, we found that
subjects who performed resistance
training using closed kinetic chain
cxercise displayed significant im-
provement in the strength of both
knee extensors and flexors after an
8-week exercise intervention, re-
gardiess of the resistance used.

Previous studiesi®473! demonstrated
that, in untrained elderly men, max-
imal strength improved significant-
Iy more in a low-repetition/high-
resistance group compared with a
high-repetition/low-resistance group.
The current study showed similar re-
sults. High-resistance exercise train-
ing (high load and low repetitions)
appears to translate into greater re-
duction in pain and improved func-
tional performance compared with
low-resistance exercise training (Jow
load and high repetitions) for pa-
tients with knee OA, though therc
was no significant difference in im-
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provement between the HR and LR
groups. A review of the literature
suggests that low-resistance exer-
cise could increase muscle strength
through neuromuscular mecha-
nisms, 182052535 Therefore, we hy-
pothesized that the gains in muscle
strength in the LR group were the
result of neuromuscular learning and
neural adaptation. There was no sig-
nificant difference in peak muscle
torque Dbetween the HR and LR
groups following the exercise in-
tervention in the current study., We
hypothesized that the resistance
training was done in a closed kinetic
chain using the EN-Dynamic Track
leg-press machine, whereas the mus-
cle torque was tested in an open Ki-
netic chain using the Cybex 6000
isokinetic dynamometer. It is possi-
ble that the different modes of exer-
cise training versus testing was one
of the reasons for a lack of differ-
ences in strength between the 2 ex-
ercise groups.

For the purpose of controlling for
confounding factors, the current
study was limited to high-resistance
exercise or low-resistance exercise
as the essential part of the strength
training programs for patients with
knee OQA. Training programs for pa-
tients with knee QA usually use mul-
tiple exercises to train the lower
extremity. Physical therapists should
add agility tasks, perturbation train-
ing, or aerobic exercise to the exer-
cise training program for a more
comprehensive program for patients
with knee OA. Additionally, it is
worth noting that the high-resistance
exercis¢ took 20 minutes less per
session to perform than the low-
resistance exercise. The advantage in
time is very meaningful in clinical
practice,

Study Limitations

There were several limitations in this
study, Our study sample included
subjects with no prior knee injuries,
a large proportion of female sub-
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jects, and only subjects with bilateral
knee OA (a large majority with mild-
to-moderate knee OA), and subjects
took no pain medication during the
intervention. Thus, generalization of
the findings of our study to other
populations should be limited. Al-
though there was 100% adherence to
the exercise intervention in the LR
group, 3 subjects in HR group dis-
continued the exercise intervention
due to severe knee pain. We specu-
l[ate that the intensity and repetitions
of the resistance training might be 2
primary factors influencing the train-
ing effect in patients with knee OA.
This study highlights the need to fur-
ther explore the combination of in-
tensity and repetition in resistance
training for patients with knee OA,

Conclusion

Both  high-resistance and [ow-
resistance strength training reduced
pain and improved function in pa-
tients with knee QA Although high-
resistance strength training demon-
strated effect sizes that consistently
were slightly greater than those
achieved with low-resistance strength
training, the differences in improve-
ment between the HR and LR groups
were not significant,
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