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ABSTRACT. Jan M-H, Hung J-Y, Lin JC-H, Wang S-F, Liu
-K, Tang P-F. Effects of a home program on strength, walk-

ng speed, and function after total hip replacement. Arch Phys
ed Rehabil 2004;85:1943-51.

Objective: To assess the efficacy of a home exercise pro-
ram in increasing hip muscle strength, walking speed, and
unction in patients more than 1.5 years after total hip replace-
ent (THR).
Design: Randomized controlled trial.
Setting: Kinesiology laboratory.
Participants: Fifty-three patients with unilateral THR were

andomly assigned to the training (n�26) and control (n�27)
roups. Patients in the training group were further divided into
xercise-high (n�13) and exercise-low (n�13) compliance
roups according to their practice ratio (high, �50%).
Intervention: The training group underwent a 12-week

ome program that included hip flexion range of motion exer-
ises for both hip joints; strengthening exercises for bilateral
ip flexors, extensors, and abductors; and a 30-minute walk
very day. The control group did not receive any training.

Main Outcome Measures: Strength of bilateral hip mus-
les, free and fast walking speeds while walking over 3 differ-
nt terrains, and functional performance were assessed by
sing a dynamometer, videotape analysis, and the functional
ctivity part of the Harris Hip Score, respectively, before and
fter the 12-week period.

Results: Subjects in the exercise-high compliance group
howed significantly (P�.05) greater improvement in muscle
trength for the operated hip, fast walking speed, and functional
core than those in the exercise-low compliance and control
roups.
Conclusions: The designed home program was effective in

mproving hip muscle strength, walking speed, and function in
atients after THR who practiced the program at least 3 times
week, but adherence to this home program may be a problem.
Key Words: Arthroplasty, replacement, hip; Exercise; Pa-

ient compliance; Rehabilitation.
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OTAL HIP REPLACEMENT (THR) is a well-accepted
surgical procedure for patients with advanced arthritic

isorders at the hip.1,2 Patients with THR often present with a
radual decline in hip muscle strength 2 to 3 years after the
peration.3-6 Strength of the hip muscles has been shown to be
n important predictor of walking speed and functional perfor-
ance in patients with THR.7,8 Research has also indicated that
eakness of the muscles of the operated hip, especially that of

he hip abductors, is a major risk associated with joint insta-
ility, prosthesis loosening, or other complications in these
atients.9-12 Therefore, continual practice of exercise programs,
specially those with an emphasis on muscle strengthening
iven in the form of home programs, is important for patients
ith THR after hospital discharge, not only to prevent the
eclining of strength but also to maintain a highly functional
evel and to prevent complications.

Only a few studies have reported the effect of home exercise
rograms for patients with THR. Sashika et al13 showed that a
-week home exercise program—consisting of hip flexion
ange of motion (ROM) and low-resistance strengthening ex-
rcises for the hip abductors, flexors, and extensors—signifi-
antly improved the strength of these muscles and walking
peed in patients 6 to 48 months after THR. Their study
evealed that a home exercise program could be a cost-effective
ntervention program to improve strength and walking ability
f these patients.13 However, it remains unknown whether
ashika’s program would show concomitant effects in improv-

ng the ability of the patients to perform daily functional
ctivities such as stair climbing or using public transportation.
n addition, walking exercise, known as an effective alternative
trengthening method to improve the strength of the hip ab-
uctors on the operated side,14 is among the most commonly
racticed functional activities for patients with THR.15-17 It
as of interest to investigate whether a home program consist-

ng of both muscle strengthening and walking exercises would
ignificantly improve hip muscle strength and functional ability
n patients after THR.

The effectiveness of a home exercise program relies not only
n the content of the program per se but also on patients’
ompliance with the program. Oldridge et al18 and Ice19 have
eported that the participants’ compliance with home exercise
rograms significantly influenced the exercise effects. It is
orth noting that the patients who participated in the study by
ashika13 showed a mean compliance level of approximately
0%. It was possible that the participants’ high compliance
ith the home program was another main factor that led to

ignificant improvement in their muscle strength and walking
peed. We wondered whether patients with THR would have as
uch improvement as that reported by Sashika13 if their com-

liance with a home program was not as high as 70%.
The purpose of this investigation was to evaluate the efficacy

f a home exercise program in improving hip muscle strength,
alking speed, and functional ability in patients after THR.
he designed home program included low-resistance isotonic
trengthening exercises of bilateral hip abductors, extensors,

nd flexors; 1-legged stance; and a 30-minute walk, 7 days a

Arch Phys Med Rehabil Vol 85, December 2004
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eek for 12 weeks. An isokinetic dynamometer; tasks of
alking on hard level-ground, sponge, and grass surfaces; and

unctional activity part of the Harris Hip Score were used to
ssess patients’ hip muscle strength, walking speed, and func-
ional ability, respectively. Participants’ compliance with the
ome program was also recorded for further analysis of the
otential influence of compliance on exercise effects.

METHODS

articipants
Participants of this study were recruited from the Depart-
ent of Orthopedics, National Taiwan University Hospital.
he inclusion criteria of participants were having undergone

he primary THR at least 1.5 years before the study, their
rimary THR being performed by the same orthopedic surgeon
TKL) using the anterolateral approach, no revision afterward,
nd being able to walk independently without any assistive
evice. The exclusion criteria consisted of acetabular and/or
emoral prosthesis failure and a comorbidity such as cardio-
ulmonary, neurologic, or cognitive diseases. Fifty-eight pa-
ients initially participated in this study. All signed an informed
onsent document approved by the Ethics Committee of the
ational Taiwan University Hospital. Subjects were randomly

Fig 1. The clinical tr
ssigned to the exercise (n�29) and control (n�29) groups. o

rch Phys Med Rehabil Vol 85, December 2004
ive subjects (3 exercise, 2 control) dropped out because of
elocation or unwillingness to continue in the study. A total of
3 patients (26 exercise, 27 control) completed the full study
fig 1).

ome Program
For the exercise group, a 12-week daily home exercise

rogram was prescribed. The home exercise program consisted
f hip flexion ROM exercises for bilateral hip joints (2 sets by
0 repetitions/set); isotonic strengthening exercise for bilateral
ip flexors, extensors, and abductors with low-resistance
eight (1kg for women, 2kg for men) tied on the ankle (2 sets
y 10 repetitions/set for each muscle group); additional
trengthening of the hip abductors with 1-legged stance on each
eg (2 sets by 10 repetitions/set, holding for 5s each repeti-
ion)13,20 (fig 2); and a 30-minute walk at a comfortable-speed.

easurements
The isometric muscle strength of bilateral hip extensors,

exors, and abductors was tested by using a Cybex 6000a

sokinetic dynamometer. High reliability on testing the strength
f hip muscles using this machine has been reported.21 Stan-
ard positioning method was used to test all of these mus-
les.22,23 For testing the strength of hip abductors, subjects laid

rofile of this study.
n their side and facing away from the dynamometer, with the
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F is study. (A, B) Hip flexion ROM exercises; (C) hip flexor strengthening
e strengthening exercise; and (F) 1-legged stance exercise.

1945A HOME PROGRAM IN TOTAL HIP REPLACEMENT, Jan
ested hip on the top and aligned with the axis of the moment
rm. The tested hip joint was placed and supported at 15° of
bduction. The test pad of the moment arm was placed on the
istal, lateral portion of the thigh of the tested leg. The patient’s
elvis and the distal femur of the nontested leg were fixed to
he testing table using a strap. Testing hip flexor and extensor
trength was performed with the patients lying supine. The
nee on the tested side hung freely over the edge of the testing
able, whereas that on the nontested side was supported in an
xtended position. The test pad of the moment arm was placed
n the distal, anterior portion of the thigh of the tested leg. The
atient’s pelvis was fixed to the testing table using a strap. The
est angles for hip extensors and flexors were set at 60° and 30°
f hip flexion, respectively.
We used the functional activity part of the Harris Hip

core24-26 (table 1) to measure the functional ability of these
atients. This part included 4 activity items, including assess-
ent of patients’ ability to climb stairs, to put on socks and

ig 2. Illustrations of the exercises of the home program used in th
xercise; (D) hip extensor strengthening exercise; (E) hip abductor
hoes, to sit on a chair for a period of time, and to use public
Table 1: Functional Activity Part of the Harris Hip Score

Activity Items and Performance Score

Stairs
Normally 4
Normally with banister 2
Any method 1
Not able 0

Put on socks and tie shoes
With ease 4
With difficulty 2
Unable 0

Sitting
Any chair, 1h 5
High chair, 30min 3
Unable to sit 30min any chair 0

Enter public transportation
Able to use public transportation 1

Not able to use public transportation 0

Arch Phys Med Rehabil Vol 85, December 2004
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ransportation. The score ranges from 0 (inability to perform
ny of the items) to 14 (highest level of function). Söderman
nd Malchau26 have reported high validity and reliability in
sing the Harris Hip Score to measure the clinical outcome of
atients after THR.
To test walking speed, subjects were asked to walk at free

nd fast speeds on a 12-m level-ground hard surface and a 8-m
rass surface and at free speed on a 12-m long spongy surface.
he sponge was 10cm in height, and the hardness measure was
hore 000 (medium hardness). All walking trials were recorded
ith a digital video camera.b The camera was equipped with an

nternal clock, which could accurately measure time to a tenth
f a second.
The practice ratio, defined as the number of days during

hich the subject actually carried out the program divided by
he program duration in days (7d/wk�12wk�84d), was calcu-
ated for each subject and was used as the measure of exercise
rogram compliance for each subject.13

rocedure
All subjects underwent an initial baseline assessment of hip
uscle strength, functional ability, and walking speed in se-

uence. Isometric muscle strength tests of bilateral hip exten-
ors, hip flexors, and hip abductors muscles were performed for
ach subject by using the Cybex 6000 isokinetic dynamometer.
outine calibration for the Cybex machine was performed
efore testing each subject. Muscles of the nonoperated hip
ere tested first, followed by those on the operated side. For
uscles on the same side, the hip abductors, flexors, and

xtensors, were tested in sequence. The isometric testing for
ach muscle consisted of 3 trials within which each subject was
sked to exert a maximal effort against the testing pad without
ausing pain and to sustain the effort for 5 seconds. A 30-
econd rest period was given between trials for testing the same
uscle group, and a 1-minute rest was given between testing of

ifferent muscle groups. It took approximately 30 minutes to
omplete the muscle strength test for each subject. The peak
orque value of each muscle group, after the correction for
ravity, was recorded for each trial.
After the muscle strength test, an experimenter (JYH), a

enior physical therapist with 6 years of clinical experience,
ssessed subjects’ performance on the functional activity part
f Harris Hip Score. Afterward, each subject undertook the
alking speed test, including 3 free- and fast-speed walking

rials each for walking on the level-ground hard surface and
rass surface and 3 trials of free-speed walking on the spongy
urface. Subjects were instructed to walk at the self-selected
omfortable speed for the free-speed trials and to walk as fast
s possible for the fast-speed trials. The sequence of walking
peed tests was conducted in order of increasing task difficulty,
tarting with walking on level-ground hard surface, followed
y walking on a grass surface, and finally on the spongy
urface. Free-speed trials were tested before the fast-speed
rials for each surface condition.

After the initial evaluation, experimenters provided patients
n the exercise group with illustrated and verbal instructions, as
ell as demonstrations, to show them how the home exercises

hould be performed during the 12-week training period. To
ecord compliance with the program during this period, sub-
ects were also asked to keep a daily record of how often they
erformed the exercises. Visits to any physical therapy (PT)
epartment were not allowed during the 12-week period. An
xperimenter (JYH) telephoned each subject every week to
heck whether subjects had any difficulty in carrying out the
ome program. Patients were asked to return to the laboratory

o receive further instructions on the exercise techniques, when h

rch Phys Med Rehabil Vol 85, December 2004
ecessary. Subjects in the control group were neither allowed
o visit any PT clinic, nor did they receive any instructions or
elephone calls regarding any exercises during the 12-week
eriod.
At the completion of the 12-week period, all subjects com-

leted the follow-up assessment of muscle strength, walking
peed, and functional ability within 1 week. The testing pro-
edure was the same as that used in the initial baseline assess-
ent. Subjects in the exercise group were asked to turn in their

aily record of exercise compliance.

ata and Statistical Analysis
Descriptive statistics were used to depict subjects’ demographic

haracteristics, including age, sex, height, weight, months after
HR, and side of the THR. For the muscle strength test, the
aximal peak torque recorded among the 3 trials tested for the

ame muscle group was used for further statistical analysis. For
ach walking trial, walking speed was first calculated by dividing
he distance of the corresponding walking path by the time taken
y each subject to complete the walking path. Then, the average
alking speed for each walking condition was calculated among

he 3 walking trials of the same walking condition and was used
or further statistical analysis.

At the end of the 12-week period, we noted that half of the
atients in the exercise group showed a compliance rate of greater
han or equal to 50% with the program, whereas the other half
howed a compliance rate of less than 50%. Because previous
tudies have shown significant influences of compliance on the
utcome of exercise training,13,14,27 we further divided the exer-
ise group into the exercise-high (n�13) and exercise-low (n�13)
ompliance groups with the cut-point set at 50% of compliance.
he medians (and ranges) of the practice ratio for the exercise-
igh and -low compliance groups were 73.2% (50%–100%) and
3.3% (11.5%–41.6%), respectively. The chi-square test was used
o compare the distribution in sex and the operated side of THR of
he demographic data across the 3 groups. One-way analysis of
ariance (ANOVA) was used to compare other demographic data
nd pretraining values in muscle strength, walking speed, and
unctional score among the 3 groups to test whether the 3 groups
ere in general comparable in their pretraining physical status.
Two paired t tests were then conducted to determine whether

here were any significant differences between the pre- and
osttraining values in muscle strength and walking speed for
he exercise-high compliance, exercise-low compliance, and
ontrol groups, respectively. The Wilcoxon signed-rank test
as used to test differences between the pre- and posttraining
alues in functional score for all 3 groups. In addition, another
wo 1-way ANOVA procedures were used to compare changes
rom the initial baseline to follow-up assessments on muscle
trength and walking speed among the 3 groups. The Kruskal-

allis rank test was used to compare changes from the initial
aseline to follow-up assessments for functional score among
he 3 groups. A P value of .05 or less was considered signifi-
ant for all statistical analyses. The independent t test with
onferroni adjustments (P�.017) was used as the post hoc test
f the 1-way ANOVA procedures.

RESULTS
Table 2 presents the demographic information of the exer-

ise-high compliance, exercise-low compliance, and control
roups. There was no significant difference in age, sex distri-
ution, body weight, months after THR, or side of THR among
he 3 groups (P�.05). The control group, however, showed a
lightly greater body height than the other 2 groups (P�.05).

Table 3 shows the maximal isometric peak torque of bilateral

ip abductors, flexors, and extensors muscles; walking speed;
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nd functional score of the 3 groups before and after the
2-week period. The ANOVAs and the Kruskal-Wallis rank
est showed no significant difference in the baseline pretraining
alues of all these measurements among the 3 groups (P�.05).
he statistical results revealed that, after completion of the
2-week home exercise program, subjects in the exercise-high
ompliance group showed significant (P�.05) improvement in
uscle strength of bilateral hip muscles, in free and fast walk-

ng speed while walking on different terrains, and in functional
core. Subjects in the exercise-low compliance group did not
eveal any significant changes in muscle strength, walking
peed, or functional score before and after training (P�.05).
he control group showed a slight decrement in all measure-
ents after the 12-week period, but the decrement was not

tatistically significant (P�.05).
Furthermore, comparison of the changes in muscle strength

f the operated hip after the 12-week period among the 3
roups, by using ANOVA, showed that subjects in the exer-
ise-high compliance group showed significantly (P�.05)
reater improvement than those in the exercise-low compliance
nd the control groups. For the strength of the muscles on the
onoperated hip, subjects in the exercise-high compliance

Table 2: Demographic Dat

Subject
Characteristics

Exercise Grou

High Compliance
(n�13)

Age (y) 58.8�12.9
Sex (female/male) 9/4
Height (cm) 159.5�7.6
Weight (kg) 137.7�22.2
Months after THR 54.2�46.5
Side of THR (L/R) 7/6

OTE. Values are mean � standard deviation (SD), except for sex a
bbreviations: L, left; NS, not significant; R, right;

Table 3: Comparison of Pre- and Posttraining Values i
for the 3 Gro

Outcome Measures

Exercise G

High Compliance

Pre Post

Strength (Nm)
Operated side

Abductors 54.2�17.1 64.9�17.8*
Flexors 49.2�20.0 57.5�22.3*
Extensors 70.1�21.4 79.6�20.9*

Nonoperated side
Abductors 60.5�18.1 67.1�17.5*
Flexors 56.4�19.7 67.4�15.8*
Extensors 84.8�23.8 91.9�30.1*

Walking speed (m/min)
Level-free 63.8�6.3 71.9�11.3*
Level-fast 85.0�11.4 98.6�17.8*
Grass-free 63.0�13.5 78.6�18.1*
Grass-fast 78.7�9.1 95.4�10.6*
Sponge-free 57.1�7.6 62.2�14.6*

Functional score 11.7�0.8 13.1�0.6*

OTE. Values are mean � SD.
bbreviations: Fast, fast walking speed; Free, free walking speed; G

fter 12-wk period; Sponge, spongy surface.
P�.05.
roup showed significantly (P�.05) greater improvement in
ip flexor strength than those in the exercise-low compliance
roup and significantly greater improvement in hip abductor
nd flexor strength than subjects in the control group (P�.05).

Regarding changes in walking speed, subjects in the exer-
ise-high compliance group showed significantly (P�.05)
reater improvement in fast walking speed on level-ground and
rass surfaces than those in the exercise-low compliance and
ontrol groups. As to the free speed for walking on level-
round, grass, and spongy surfaces, subjects in the exercise-
igh compliance group showed significantly (P�.05) greater
mprovement than the control group. There was no significant
ifference between the exercise-high compliance and the ex-
rcise-low compliance groups in the change of free walking
peed.

With respect to the changes in functional score of the 2
xercise groups and the controls after the 12-week period,
ubjects in the exercise-high compliance group showed signif-
cantly (P�.05) greater improvement in functional score than
ubjects in the exercise-low compliance and the control groups.
urthermore, the exercise-low compliance group also showed a

the 3 Groups of Subjects

Control Group
(n�27)

Pw Compliance
(n�13)

59.3�10.3 57.0�12.8 NS
8/5 10/17 NS

58.5�4.6 163.0�9.7 �.05
42.4�22.7 141.8�21.4 NS
72.2�51.6 76.0�52.0 NS

7/5 14/13 NS

ide of THR.

scle Strength, Walking Speeds, and Functional Score
of Subjects

Control GroupLow Compliance

Pre Post Pre Post

.4�20.7 54.8�21.6 55.7�17.7 52.0�21.0

.9�18.2 48.4�14.8 54.2�22.5 50.8�21.2

.0�24.8 70.5�28.1 74.8�31.1 72.5�24.2

.5�16.1 63.7�21.1 63.3�20.1 62.3�23.1

.3�18.3 60.8�20.6 62.3�20.0 59.5�21.2

.4�16.5 85.3�32.5 87.4�38.7 87.1�23.8

.1�8.9 64.7�9.2 66.1�13.2 62.6�10.8

.5�6.4 89.7�14.7 85.8�15.0 81.0�7.8

.5�16.9 65.0�15.1 61.9�12.4 59.0�14.1

.3�8.7 74.2�9.0 78.6�12.6 73.8�7.2

.5�8.7 55.2�13.8 57.0�11.4 51.6�13.8

.4�1.2 12.7�1.7 12.4�1.1 12.0�1.4

grass surface; Level, level surface; Pre, before 12-wk period; Post,
a for

ps

Lo

1
1
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ups

roups

52
48
72

61
59
82

64
88
61
76
56
12

rass,
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ignificantly (P�.05) greater increase in functional score than
he control group after the 12-week period.

DISCUSSION
Results of this study revealed that our home exercise pro-

ram, which emphasizes hip muscle strengthening and walking
xercise training, was effective in improving hip muscle
trength, walking speed, and functional mobility of patients
ith THR. However, such positive effect was evident only if

he patients had a compliance rate greater than 50% with the
rogram.
Subjects had received THR at least 1.5 years before partic-

pating in the study. All showed reduced strength of bilateral
ip muscles compared with age-matched healthy controls re-
orted in the literature.28-30 Therefore, significant decrease in
ilateral hip muscle strength existed in these patients. Given
hat the progressive weakness of the muscles of the operated
ip is highly likely to lead to joint instability, functional lim-
tation, disability, and other complications in patients after
HR,9,10 exercise programs that emphasize muscle strengthen-

ng are critical not only to prevent strength decline but also to
aintain high functional level and to prevent complications.
urthermore, for these patients, exercises given in the form of
ome-based programs may be a more convenient, practical,
nd economical exercise prescription than PT outpatient pro-
rams.

haracteristics of the Home Program
The 12-week home exercise program used in this study was

esigned specifically for patients with THR, and we provided
n illustrated guide to make the exercises easy to learn. The hip
exion ROM exercise was aimed at relieving the limitation of
ip flexion ROM, a problem commonly seen in patients with
HR.31,32 In addition, our program placed special emphasis on
ip abductor strengthening through a combination of isotonic
ntigravity hip abduction exercises, the 1-legged stance prac-
ice, and walking exercises. This was based on the consider-
tion that all of our subjects received the anterolateral approach
o THR and, therefore, the hip abductors of the operated side
as the most vulnerable to instability among all of the hip
uscles.33,34 Past research has also shown that decline in hip

bductor strength on the operated side is among the most
ommon problems in patients with THR.33,34 Furthermore,
iven that walking ability was an important functional outcome
easure after THR surgery,4,9,35 our program differed from

hose used in the previous studies by incorporating a 30-minute
aily walking exercise into the program. It was expected that
he daily practice of walking would enhance the ability of these
atients to perform other functional tasks, such as using public
ransportation and going up and down stairs.

hanges in Hip Muscle Strength
Our results showed significant improvement in the muscle

trength of bilateral hip muscles for the exercise-high compli-
nce group but not for the exercise-low compliance and control
roups. Previous reports have shown that the strength of the hip
uscles improved markedly 1 to 2 years after THR9,13,35,36 and

radually declined afterward. Only 2 of our subjects received
he THR at 18 months before study participation; the rest
eceived the THR at least 24 months before the study. Thus, hip
uscle strength in these chronic patients might have continued

o decline had no particular exercise programs been given to
hem. We observed this tendency of muscle strength reduction
n our patients in the control group. Thus, our results suggest

hat the prescribed home program was effective not only in t

rch Phys Med Rehabil Vol 85, December 2004
reventing further muscle strength reduction but also in im-
roving the strength of these chronic patients who showed high
ompliance (�50% practice ratio) with the program.

We hypothesized that such strengthening effect would result
rom a combination effect of the low-resistance muscle
trengthening, 1-legged stance, and walking exercises. Sashika
t al13 reported that a 6-week daily low-resistance, low-repeti-
ion (20 repetitions/day) strengthening home exercise alone
as sufficient to improve hip abductor strength on the operated

ide in patients whose post-THR interval was less than 4 years
nd whose exercise compliance rate was approximately 70%.
ignificant effects of low-intensity strengthening exercise, such
s using Therabands, on improving hip muscle strength have
lso been reported in elders with functional limitations.37-39

hus, our low-resistance strengthening exercise program was
n economical and effective home program option for patients
ith THR.
In our home program, the 1-legged stance was incorporated

o enhance strengthening of the hip abductors. The 1-legged
tance exercise has been suggested as an appropriate task for
ip abductor strengthening. By using magnetic resonance im-
ging, Kumagai et al40 reported a significant increase in signal
ntensity from the hip abductors of the stance leg after 1-legged
tance, indicating that these muscles were highly used during
uch a stance. In addition, Sashika13 found that patients with
HR who practiced low-resistance strengthening exercises of

he hip abductors on the operated side plus 1-legged stance had
ignificantly greater improvement in the strength of these mus-
les than those who practiced just the low-resistance exercise.

The incorporation of the daily walking exercise into our
ome program was based on biomechanics literature41,42 that
hows contractions of the hip flexors, extensors, and abductors
re important contributors to normal walking. For example, the
ip abductors start to activate in the late swing phase of the gait
ycle, become highly activated (approaching 100% of maximal
oluntary contraction) during the early stance phase, and con-
inue firing until the end of the midstance phase.41,42 Therefore,
t is possible that daily walking exercises would increase the
trength of these 3 major groups of hip muscles through repet-
tive use.

Furthermore, it is worth noting that the (absolute) magnitude
f strength improvement was in general greater for the hip
uscles on the operated side than for those on the nonoperated

ide, except for the hip flexors. Two possibilities might account
or this phenomenon. First, the strength levels of the hip
uscles on the nonoperated side of our patients were relatively

igher compared with the general population of patients with
HR.6,43 Therefore, less room for strength improvement was

eft for muscles on the nonoperated side. Second, in this study,
he absolute dosage (intensity, frequency, duration) was the
ame for muscles of both the operated and the nonoperated
ips. Given that the strength of the operated hip muscles was in
eneral weaker before starting the training period, the muscles
n this side in fact received more exercise than their counter-
arts on the other side, in a relative sense. Therefore, greater
mprovement was observed for the muscles on the operated
ide.

Another interesting finding regarding the magnitude of hip
uscle strength improvement on the operated side was that hip

bductor strength improved the most, followed by flexor and
xtensor strength. We hypothesized that this result might be
ecause of the fact that the hip abductors were highly trained
hrough all 3 types of exercises—including the isotonic
trengthening, 1-legged standing, and walking exercises—
hereas the flexors and extensors were mainly trained through
he isotonic strengthening and walking exercises.
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alking Speed and Ability to Walk on Uneven Terrains
Our results showed that only the exercise-high compliance

roup showed significant improvement in walking speed across
ll conditions. More important, after training, the mean of the
ree walking speed of the exercise-high compliance group was
1.9m/min, approaching that of healthy adults of similar ages.
alking speeds of the exercise-low compliance group and the

ontrol groups did not improve in any of these walking con-
itions. Therefore, it appears that our home program can ef-
ectively improve the walking speed of patients with THR who
how high compliance with the program.

Furthermore, according to the extent of speed improvement
or the exercise-high compliance group, it appeared that walk-
ng speed improved significantly when these patients walked
n the grass surface, less so when they walked on level-ground
ard surface, and least when they walked on the spongy sur-
ace. These results suggest that the home program was also
ffective in improving agility and ability to maintain balance
n more difficult walking tasks such as walking on uneven
errains.

We hypothesized that the overall improved walking speed in
ll walking conditions was primarily attributable to the im-
roved hip muscle strength. Past research has shown much
vidence that improvement in hip muscle strength contributes
o improved walking speed in patients receiving surgery after
rochanteric hip fracture.8,44 Furthermore, Sashika et al13

howed that after a 6-week daily low-resistance, low-repetition
trengthening home exercise, patients within 4 years after THR
mproved hip abductor strength on the operated side by 68% (to
8.5Nm); meanwhile, the free walking speed of these patients
mproved by 7.1% (to �69m/min). In our study, for the exer-
ise-high compliance group, strength for all hip muscles inves-
igated improved significantly (8.4%–19.7%) after the home
rogram. In addition, further analysis on the data revealed high
r�.72, P�.05) and moderate (r�.57, P�.05) correlations
etween improved hip abductor strength on the operated side
ith increased fast walking speeds for walking on level-ground

nd grass surfaces, respectively. Therefore, the improved free
nd fast walking speeds in our patients may be likely attribut-
ble to the improved hip muscle strength, especially that of the
ip abductors on the operated side.
Regarding the improved ability of our patients to walking on

he grass and spongy surface conditions, we hypothesized that
his might result from the concomitant improvement in main-
aining stability during walking after our training program.

any researchers have pointed out that the hip abductors play
n important role in maintaining lateral stability during walk-
ng,45,46 mainly through the production of a sufficient torque to
ounterbalance the torque produced by body weight during the
ingle support phase of walking.37,47 Results of our study
howed that the improvement in abductor strength was the
reatest (19.7% or 10.7Nm) among all hip muscles of the
perated hip, and this improvement could potentially contrib-
te to the control of lateral stability needed for walking on the
rass and spongy surfaces. Another factor contributing to the
mproved stability during walking may come from the practice
f daily walking exercise itself. Roberts48 reported that a
-week walking exercise program (30min/session by 3 ses-
ions/wk) significantly improved postural stability of older
dults during 2-legged and 1-legged stance under eyes open
nd closed conditions. This finding suggested that walking
xercise could effectively improve postural stability in older

dults. T
unctional Mobility
Our findings showed that only the exercise-high compliance

roup had significant improvement in functional score after the
ntervention period. Closer inspection of the data showed that
he functional scores (mean, 12.6) of our patients in all 3
roups in fact approached the full point score (14). The primary
unctional limitations of most of our patients (75.5%) were on
he stair climbing and using public transportation items. For
0.8% of subjects in the exercise-high and -low compliance
roups, improvement in functional score was also primarily on
hese 2 items after the home program intervention. We hypoth-
sized that patients’ limitations in performing stair climbing
nd using public transportation may be because of muscle
eakness at the hips and insufficient walking speed.49,50 It has
een suggested that a gait speed of 72m/min is needed for a
erson to cross a traffic intersection safely.51 For our patients to
ccess public transportation, the ability to walk in the commu-
ity and across an intersection is frequently a prerequisite. Our
ata showed that the mean of the free walking speed on
evel-ground surface of the participants in the exercise-high
ompliance also approached the speed of 72m/min, suggesting
hat after our intervention, these patients were able to walk
afely in the community. Therefore, their functional scores
ere also improved.

ompliance With the Home Program
Our results pinpoint that the compliance level plays an

mportant role in determining the efficacy of a home exercise
rogram. These findings were in good agreement with many
revious studies,13-15,52,53 which also showed the significant
nfluence of compliance on the outcomes of exercise home
rograms prescribed to patients with hip fracture and commu-
ity-dwelling older adults. Subjects in our exercise-high com-
liance group all had a compliance level at or above 50%
median, 73.2%). Because the program was prescribed as a
aily exercise program, one could speculate that the exercise-
igh compliance group practiced the program at least 3 times a
eek. This exercise frequency is comparable to the effective

xercise programs that were prescribed to patients receiving
utpatient clinical strength training.39,52,53

It is worth noting that, in our study, compliance was low
�50%) in half of the exercise group. We speculated that the
ntensity and duration of the home program may be 2 primary
actors resulting in subjects’ low compliance. In the 6-week
trengthening home program designed by Sashika,13 subjects
ere asked to perform the program twice a day for 15 to 20
inutes per session; in contrast, it took our subjects approxi-
ately 50 to 60 minutes (30min for walking, 20–30min for

trengthening and 1-legged stance) to complete the program
veryday. In addition, our program was 12 weeks long, which
ight have posed some difficulty for some subjects to maintain
high level of compliance throughout the study period. Fur-

hermore, when we investigated the differences in subject char-
cteristics between the exercise-high compliance and exercise-
ow compliance groups, we found that subjects in the low-
ompliance group generally lived a sedentary lifestyle before
articipating in our study and were more likely to report being
atigued after exercising. Therefore, subjects’ characteristics or
ifestyle may also contribute to the compliance level. Further
tudies are needed to determine the most important factors
redicting subject compliance with a home program.

CONCLUSIONS
The results of our study suggest that patients who undergo
HR should be encouraged to participate in long-term active

Arch Phys Med Rehabil Vol 85, December 2004
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A

xercises postoperatively. Our home program, emphasizing
trengthening of the hip muscles, especially the hip abductors,
nd walking exercises, not only effectively prevented the re-
uction in strength but also promoted functional ability of these
atients with THR. Therefore, practicing an appropriate home
rogram could be a convenient and economical alternative for
hese patients to maintain muscle strength and high functional
evel long-term after THR. However, compliance with home
rogram significantly affects the efficacy of the program. A
inimum frequency of 3 times per week is highly recom-
ended to achieve significant training effects with the pro-

ram.

Acknowledgment: We thank Dr. Jau-Yih Tsauo for her statistical
xpertise.
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