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Abstract

Objectives: To determine the effectiveness of balance exercises in the acute post-operative phase following total hip
arthroplasty or total knee arthroplasty.

Methods: Patients who had total hip arthroplasty (n=30) or total knee arthroplasty (n=33) were seen in their residence
-2 times per week for 5weeks. At the first post-operative home visit, patients were randomly assigned to either typical
(TE, n=33) or typical plus balance (TE+B, n=30) exercise groups. The TE group completed seven typical surgery-specific
joint range-of-motion and muscle strengthening exercises, while the TE+B group completed the typical exercises plus
three balance exercises. Patients were assessed before and 5weeks after administering the rehabilitation program using
four outcome measures: (1) the Berg Balance Scale, (2) the Timed Up and Go test, (3) the Western Ontario McMaster
Universities Osteoarthritis Index, and (4) the Activities-specific Balance Confidence Scale.

Results: Post-intervention scores for all four outcome measures were significantly improved (p<0.01) over baseline scores.
Patients who participated in the TE+ B group demonstrated significantly greater improvement on the Berg Balance Scale and
the Timed Up and Go tests (p<0.01).

Conclusion: Balance exercises added to a typical rehabilitation program resulted in significantly greater improvements in
balance and functional mobility compared to typical exercises alone.

Keywords
Total hip arthroplasty, total knee arthroplasty, balance exercises, Berg Balance Scale, Timed Up and Go test

Date received: 23 September 2014; accepted: 9 January 2015

Introduction

Balance is an important aspect of mobility and physical
function.'> While the effect of hip osteoarthritis (OA) on
balance is unclear, knee OA has been reported to signifi-
cantly reduce standing balance in the elderly.* Impairment
in balance subsequently limits an individual’s mobility and
physical function, including activities of daily living such as
self-care and transfers,” and is also associated with an
increased incidence of falls.*¢7 Patients with severe hip and
knee OA who are awaiting total hip arthroplasty (THA) or
total knee arthroplasty (TKA) are reported to have a higher
incidence of falls compared to the general population.® Also,
one in four patients is reported to have a fall within 2 years
following THA or TKA surgery.® The cost of falling is high,
both to the individual (physical and psychological trauma)’

and the health-care system (financial burden related to sur-
gery and rehabilitation).® At the same time, costs related to
the patient’s inability to care for themselves and/or to be
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discharged to their home environment present additional
burdens for the patient, their family, and the health-care
system.

Studies examining balance following THA or TKA have
produced conflicting results. Whereas Wykman and Goldie®
reported significant improvement in balance in 21 patients at
6 and 12months following THA compared to pre-surgery
measures; Nallegowda et al.l® reported no significant
improvement in balance in patients following THA com-
pared to age- and gender-matched subjects. Similarly,
McChesney and Woollacott!! reported no significant differ-
ence in balance in 22 elderly subjects who were divided into
age- and gender-matched groups; one group had undergone
TKA and the other was a healthy control group. Furthermore,
Gage et al.!2 reported a decline in balance in 8 patients after
6 months of TKA compared to age-matched control subjects.
Also, these studies did not report any rehabilitation measures
that were used by the patients following surgery.

Following THA or TKA, a key criterion for hospital dis-
charge, as well as post-operative rehabilitation, is optimiza-
tion of the patient’s independence in self-care, transfer
ability, functional mobility, and safety. When patients go
home and return to the community after hospital discharge,
they face physically demanding challenges such as negotiat-
ing curbs, stairs of various heights, and uneven walking sur-
faces. The functional challenges that patients face require
good balance skills to prevent falls. Although post-operative
exercise programs following THA or TKA may vary across
various rehabilitation settings, these exercise programs typi-
cally emphasize joint range-of-motion (ROM) and muscle
strengthening exercises for patients following TKA3-17 or
THA.!8:19 Balance component of mobility and physical func-
tion is not adequately addressed in these exercise programs.
As a result, strategies to improve balance in patients who
have undergone THA or TKA merit further study. Because
balance is considered to be important for safe mobility and
physical function,!® Gage et al.!? and Cavanaugh and Moy?°
suggested incorporating balance-specific exercises to
improve balance after TKA. However, Gage et al.'? and
Cavanaugh and Moy?° did not use balance exercises in their
studies.

The purpose of this study was to determine the effective-
ness of balance exercises in the acute post-operative phase
following THA or TKA.

Methods

A randomized controlled trial design with two groups was
used for the study. Potential participants for the study were
recruited between April 2006 and April 2009 from a large
outpatient home physical therapy provider. At their first
post-operative home visit and before any assessments, quali-
fied participants were randomly assigned by their physical
therapist to a typical exercise (TE) group or a typical exer-
cise plus balance exercise (TE+B) group using a coin toss

method of randomization. Heads was allocated to the TE
group, and tails was allocated to the TE+B group to deter-
mine the group assignment of each participant. The partici-
pants flipped the coin and were assigned to the exercise
group based on the outcome. The participants were blinded
to their group allocation; however, the physical therapists
were not blinded to the group allocation of the participants.
Participants in the TE group completed joint ROM and mus-
cle strengthening exercises, and participants in the TE+B
group completed joint ROM, muscle strengthening, and
additional balance exercises. All participants were assessed
before (baseline) and after (follow-up) the intervention
period. Assessments of participants at baseline were com-
pleted at the participant’s home by their attending physical
therapist, who was one of the two participating physical
therapists, having 3—4 years of experience in working with
patients with THA and/or TKA. The physical therapists
started administering intervention to the participants on the
same day immediately after the baseline assessments were
completed. The intervention program was administered for a
period of Sweeks. At the end of 5weeks, follow-up assess-
ments were completed by the primary investigator (one of
the two participating physical therapists) within 3—6days in
a biomechanics laboratory at an academic center. At the
beginning of the study, the two physical therapists visited
one patient together for the first as well as the follow-up vis-
its to ensure that similar information was conveyed to all
participants with respect to instructions during assessment
on outcome measures and also during implementation of the
intervention. Ethics approval for the study was received
from the University Research Ethics Board for Health
Sciences Research Involving Human Subjects, and all par-
ticipants provided written consent prior to participation.

Participants

Participants in the study were a sample of convenience of
consecutive patients that were referred for outpatient home
physical therapy following either THA or TKA. Patients’
charts were reviewed to determine their eligibility with
respect to the operated joint, any surgery-related complica-
tions, any contraindications to exercise, and other health
conditions, for participation in the study. The inclusion crite-
ria were patients who had primary unilateral THA or TKA as
a result of hip or knee joint OA and had been advised by their
surgeon to weight-bear as tolerated following their surgery.
Patients with revision THA or TKA, or those who had been
advised by their surgeon to remain nonweight-bearing or
partial weight-bearing on either the operated or nonoperated
leg, were excluded. Patients with neurological conditions,
such as hemiplegia, peripheral neuropathy, Parkinson’s dis-
ease, multiple sclerosis or spinal cord compression, and ves-
tibular disorders that might affect balance, and those who
were considered unable to communicate or follow instruc-
tions were also excluded from the study. A total of 63 patients
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(22 males, 41 females) with a mean age of 66+ 10 years were
included in the study. As advised by the surgeons, all patients
were taking blood thinners for prevention of blood clots, and
pain medication as needed following surgery. Some patients
had other health problems such as high blood pressure and
high cholesterol level which did not affect their balance or
participation in the study and were taking medication for
these health problems as advised by their family physicians.

Intervention

After completion of assessment by the physical therapist at
the first post-operative home visit, qualified patients per-
formed their home exercise program. Participants in the TE
group completed joint ROM and muscle strengthening exer-
cises, and those in the TE+B group completed joint ROM,
muscle strengthening, and additional balance exercises
(Appendix 1). Patients were seen individually at their place
of residence by the physical therapist on the first or second
day after hospital discharge, typically 7—10days following
their surgery. Thereafter, the patients were visited by their
physical therapist once or twice per week until 5weeks.
Overall, patients received 4—6 home visits during the 5 weeks
that they were seen for home visits. All patients received rou-
tine education about safety, transfers, and limb positioning,
as well as typical exercises relative to their surgery. Those
assigned to the TE+B group were also instructed in three
balance exercises that they were to complete in addition to
the typical exercises. The total duration of home exercise
program for the TE+B group was expected to be slightly
longer than that of the TE group. All patients were provided
with exercise sheets that included written and photographed
instructions for each prescribed exercise, an exercise compli-
ance table, and a contact phone number for their physical
therapist.

Patients were advised to complete 10 repetitions of
each exercise three times a day and to keep a record on
the compliance table. Typical joint ROM and muscle
strengthening exercises were completed only on the oper-
ated leg. Each patient was taught the exercises in a
sequence that the physical therapists considered most
advisable—beginning with the simpler and progressing
to more demanding exercises. Exercise execution and
repetitions were reviewed by the physical therapist at
each home visit. All participants were able to perform all
exercises by the second visit. Also, all patients completed
the 5-week intervention period.

Typical joint ROM and muscle strengthening exercises
were chosen from therapeutic exercise literature for specifi-
cally targeting one of either hip or knee joint and muscles
following THA or TKA."3-!8 The three balance exercises
were selected by the two physical therapists based on their
experience with working with patients with THA and/or
TKA with an objective to keep the balance exercises simple,
safe, and easy to perform by the study participants.

Outcome measurers

Prior to the intervention, the patients were evaluated during
their first home visit by their physical therapist using four
outcome measures: two self-report questionnaires—the
Western Ontario and McMaster Universities Osteoarthritis
Index (WOMAC) and the Activities-specific Balance
Confidence (ABC) Scale—and two performance tests, the
Berg Balance Scale (BBS) and the Timed Up and Go (TUG)
test. Following the 5-week intervention, all patients were
evaluated by the primary investigator using the same out-
come measures in a biomechanics laboratory at an academic
center. Although assessment sites for the baseline (home set-
ting) and follow-up (laboratory setting) were different, all
attempts were made by the therapists to standardize the
equipment and the space needed to perform the tests.

BBS. The original 14-item BBS was designed to assess bal-
ance in the elderly and has been demonstrated to be valid,
reliable, and responsive.?! It includes 14 simple balance
tasks, which are scored on a 5-point ordinal scale (0, 1, 2,
3, and 4), with a maximum total score of 56. Higher scores
on the BBS indicate better balance. The BBS is a com-
monly used clinical test of balance in which all 14 perfor-
mance tasks focus on balance?'?? and has been previously
used to assess balance in patients following hip fracture?324
and knee OA.?

TUG. The TUG is a test of functional mobility completed
using a single chair and a 3-m walkway. It combines stand-
ing up, walking, turning around, and sitting down. The TUG
test has been reported to be reliable, valid, and responsive for
assessing functional mobility in a frail elderly population.?
The subject is timed while he/she rises from an armchair,
walks 3m, turns around, walks back to the chair, and sits
back down. The faster the time, the better is the subject’s
physical function. Additional information on whether the
subject used any assistive devices such as cane, used any
footwear, or required any other assistance is recorded. The
test is simple, quick, and requires no special equipment and
has been used to assess balance in the elderly?” and in the
middle-aged women following interventions to improve
balance.?

WOMAC. The WOMALC is a self-administered, disease-spe-
cific questionnaire used to assess patients having OA of the
hip and/or knee and has been demonstrated to be valid, reli-
able, and responsive.? It consists of 24 questions distributed
among three subscales: (1) a pain subscale with 5 questions,
(2) a stiffness subscale with 2 questions, and (3) a physical
function subscale with 17 questions. The WOMAC allows
patients to make their responses using 5-point scales (0, 1, 2,
3, 4) with the total possible score being 96. Higher scores on
the WOMAC indicate greater pain and stiffness, and greater
difficulty in performing selected functional activities. While
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the WOMAC requests information from patients about their
physical function rather than balance per se, it is very com-
monly used to assess patients with THA or TKA.15:17.1929
Although typically reported as a total score, the strong rela-
tionship between the pain and functional subscales of the
WOMAC reported by Stratford et al.’% suggests the use of
function subscale score of the WOMAC in place of the total
score. Subsequently, the WOMAC-function subscale scores
were used in all analyses in this study.

ABC. The ABC was developed by Powell and Myers3! and
was demonstrated to be valid, reliable, and responsive to
assess the level of patient’s balance confidence in perform-
ing specific activities. The ABC has 16 items and is scored
on a 0%—-100% response scale. An average of scores for all
items is calculated as patient’s total ABC score. The ABC is
simple and easy to understand and takes 5—10min to com-
plete and score. The ABC has been used to assess fall-related
self-efficacy in elderly patients after hip fracture.®

Statistical analyses

Mann-Whitney U tests were used to compare subjects who
completed testing on the baseline assessment but not on the
follow-up assessment (drop-outs) with the subjects who
completed testing on both test occasions (completers).
Subsequent analysis was confined to subjects who com-
pleted testing on both occasions. A two-way analysis of vari-
ance (ANOVA; two surgical groups (TKA, THA) by two
exercise groups (TE, TE+B)) was used to compare the sur-
gical and exercise groups’ age, height, and mass, and the
baseline outcome scores.

Three-way ANOVA tests with a repeated measure were
used to examine each of the four outcome measures (two
surgical groups (THA, TKA) by two exercise groups (TE,
TE+B) by two occasions (baseline, follow-up)). These
ANOVAs were preceded by Levine’s test to examine the
homogeneity of variance assumption. All statistical tests
were completed using STATISTICA3? and used the 0.05
level to denote statistical significance. Statistically signifi-
cant F ratios were explored further using Bonferroni post
hoc tests. For the WOMAC, only scores on the WOMAC-
function subscale were used for analyses.

A priori power analysis using data from a previous study
with subjects with TKA3* indicated that a sample of 20 par-
ticipants in each group would have a power of 0.80 to detect
a difference of five standard deviations between groups on
the BBS at a significance level of 0.05. Patients with THA
and TKA were pooled together to provide an adequate sam-
ple size in this study.

Results

A total of 63 patients recruited for the study were randomly
assigned to the TE or the TE+B group. Of these, 30 patients

with THA and 33 patients with TKA belonged to the TE
group (n=33) or the TE+B group (n=30). A total of 54
patients completed the four outcome measures on both occa-
sions and were included in the statistical analysis (Figure 1).
Demographic information for patients who completed test-
ing on both occasions is presented in Table 1. No statistically
significant differences in age, height, or body mass were
observed between the surgical (THA, TKA) and exercise
(TE, TE+B) groups on the baseline scores (p>0.05).

Scores on the BBS, TUG, WOMAC-function, and ABC
for the TE and TE+B groups are presented in Table 2. Only
the TUG scores were characterized by a significant Levine’s
test (»<0.05). Subsequently, variance stabilization transfor-
mation (natural logarithmic)?® was used for the TUG scores to
meet the necessary assumption of homogeneity of variances.
The three-way ANOVAs for the four outcome measures pro-
duced several statistically significant F ratios (Table 3), sum-
marized as follows. First, the differences between the groups,
the TE+B group demonstrated significantly greater improve-
ment from the baseline to follow-up than did the TE group on
the BBS (p<0.01; Figure 2) and the TUG (p<0.01; Figure 3).
Second, differences between the groups with respect to occa-
sion, the follow-up scores on the BBS, TUG, WOMAC-
function, and ABC were significantly improved over the
baseline scores on all four ANOVAs (p<0.01).

No significant differences in age, height, body mass, or
performances on the BBS, TUG, WOMAC-function, and
ABC (baseline) were observed between the 9 participants
who dropped out and the 54 participants who completed the
study (p>0.05).

Discussion

Following THA or TKA, patients who received home physi-
cal therapy irrespective of their exercise groups demon-
strated significant improvement on all four functionally
oriented tests. Although this finding supports the traditional
clinical belief that balance will improve following a typical
exercise program alone, this study did observe that those
who performed balance exercises in addition to typical exer-
cises demonstrated significantly greater improvement in the
balance-oriented tests (BBS and TUG) than those who per-
formed typical joint ROM and muscle strengthening exer-
cises alone. These results suggest that should the therapist
believe that balance is of key importance for their patient, the
use of simple balance exercises can readily lead to improve-
ment in this component of many functional activities as
determined within a relatively short period of 5 weeks.
Similar improvement in balance has been reported by Liao
et al.’¢ in patients with knee replacement after administering
a balance exercise program. However, the study by Liao
et al.3® included patients who had surgery 2months before
they started participation in the exercise program, and there-
fore, the patients’ TUG scores were lower at baseline assess-
ment (12+1 and 1342 for the control and experimental
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Figure 1. Flow diagram of participants’ progress through the phases of randomized trial.

Table I. Baseline demographic information of participants in the
two surgical and the two exercise groups (n=54).

THA TKA TE TE+B
Sample size (n) 26 28 26 28
Age (years) 68+8 64+ 10 67+9 66x10
Height (cm) 165+8 16612 16512 166+8
Mass (kg) 7819 8720 83+20 82+20
Visits 4 6 5x1 51

THA: total hip arthroplasty; TKA: total knee arthroplasty; TE: typical
exercise group; TE+B: typical plus balance exercise group.

groups, respectively). In this study, the patients were recruited
7—-10days after the THA or TKA surgery, and therefore, the
patients’ TUG scores were comparatively higher at baseline
assessment. At the completion of this study, the patients’
TUG scores had significantly reduced. This study was com-
pleted before the end of 2 months’ duration following THA or
TKA surgery.

Improvements in balance as observed in this study have
also been reported in previous studies following balance inter-
vention in patients with other health conditions. Diracoglu
et al.?7 in an 8-week study reported improvement in balance
from kinesthesia and balance exercises added to strengthening
exercises as compared to strengthening exercises alone in
female patients with knee OA. Williams et al.?® also reported
improvement in balance following a home-based balance

exercise program in women with lower limb OA or rheuma-
toid arthritis on balance measures such as functional reach
test, but no differences were observed on the WOMAC-
function scores. Hiroyuki® reported significant improvement
in balance measures such as one leg stand test, functional
reach test, and the TUG following balance and gait exercise in
the frail elderly population. Similar improvements in balance
following balance exercises have also been reported in patients
with stroke® and multiple sclerosis.*

No significant differences were observed between the
exercise groups on the WOMAC-function or the ABC. This
finding may reflect the lack of balance orientation of these
outcome measures compared to the BBS and the TUG. The
BBS is designed to assess balance while performing 14
functional tasks, and performance on the TUG relies heav-
ily on the patient’s balance during transfers and walking.
The WOMAC-function and the ABC, on the other hand, are
self-report questionnaires which rely on the patient’s sub-
jective assessment of their performance, without actually
requiring the patient to perform the tasks described in the
questions,*!=43 not all of which include a balance-related
component.

In this study, no differences were observed between the
THA and the TKA patients on the outcome measures.
Subsequently, data for THA or TKA patients were pooled
together. Previous studies have reported no differences
between patients undergoing THA and those undergoing
TKA at 6-month follow-up after surgery.***> Whereas
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Table 2. Summary of scores for the Typical Exercise and Typical
plus Balance Exercise groups on the outcome measures at
baseline and follow-up.

Table 3. Summary of the F ratios and p values produced by the
three-way ANOVA tests for the four outcome measures.

Outcome Effect F ratio p value
Occasion Baseline Follow-up measure
Exercise group TE TE+B TE TE+B BBS Surgery? 0.36 0.54
Exercise group® 1.12 0.29
BBS (0-56) 37f 10 34 f 7 48 f 6 53 f 6 Occasions 221.42 0.000%
TUG (5) ) 32£17  48+26 1545 134 Surgery X exercise group 1.27 0.26
WOMAC-function (0-68) 36+11 37+11 16+10 14+13 )
£19 124 6942 457 Surgery % occasion 0.45 0.50
ABC (0-100) 3741 36+ 69+23 74+23 Exercise group X occasion 7.19 0.009*
TE: typical exercise group; TE+B: typical plus balance exercise group; Surgery x exeljcise 1.86 0.17
BBS: Berg Balance Scale; TUG: Timed Up and Go test; WOMAC-function: group X occasion
Western Ontario and McMaster Universities Osteoarthritis Index physi- TUG Surgery? 0.11 0.73
cal function subscale; ABC: Activities-specific Balance Confidence Scale. Exercise group® 0.28 0.59
Occasion® 219.58 0.000*
previous studies have used typical joint ROM and muscle Surgery exercise group 087 035
. . . 1319 Surgery % occasion 0.00 0.98
strengthening exercises following THA or TKA, to our . .
. . Exercise group * occasion 8.76 0.004*
knowledge, this study is thought to be the first to assess the Surgery X exercise 0.49 048
utility of adding l?alance exercises for these patients in the group X occasion ’ '
acute post-operative phase following THA or TKA. We  woOMAC-  Surgery: 390  0.053
ghose to a.dd balance exercises to a typi(fal acute post—opera}- function Exercise group® 0.11 0.73
tive exercise program, rather than replacing some of the typi- Occasion< 165.41 0.000*
cal exercises with balance exercises. Liao et al.’¢ have used a Surgery X exercise group 0.03 0.85
similar strategy to administer balance exercise program to Surgery X occasion 0.22 0.64
the patients in experimental group following TKA. Since Exercise group X occasion 0.71 0.40
neither the typical exercises nor the balance exercises used Surgery x exercise 1.31 0.25
following THA or TKA are standardized among therapists, it group X occasion
was unclear which exercises would best be replaced in order =~ ABC Surgery* 237 012
to match the two exercise programs on the number of exer- Exercise group® 0.49 0.48
cises to be completed. Furthermore, we believed that a treat- Occasion* _ 137.27  0.000*
ment effect that could be confidently linked to the balance SurgeryXexerCfse group 037 054
exercises alone needed to be demonstrated before attempting Surgery X occasion 007 078
to replace some of the typical ROM and muscle strengthen- Exercise group x occasion 0.47 0.49
Surgery X exercise 0.64 0.42

ing exercises with balance exercises. As a result, the balance
exercises—added option was considered to be the most practi-
cal means to initially assess the viability of balance exercises
and to optimize the chances of finding a balance effect if it
existed.

The seven typical joint ROM and muscle strengthening
exercises and three balance exercises were selected by two
physical therapists who routinely provide physical therapy to
THA or TKA patients following surgery and who both had
3—4years of clinical experience. They were guided by the
exercises utilized in previous studies,’> '8 as well as their
own clinical experience. In this study, the same three balance
exercises were used for patients following THA or TKA sur-
gery. These exercises were selected for their simplicity and
the ability of all patients to complete them. All patients were
able to perform all of the typical exercises, and patients in
the typical plus balance exercise group were able to perform
all of the balance exercises for the recommended 10 repeti-
tions and frequency of three times per day by their second
home visit. All patients reported completion of all exercises
at the recommended frequency and number of repetitions

group X occasion

BBS: Berg Balance Scale; TUG: Timed Up and Go test; WOMAC-function:
Western Ontario and McMaster Universities Osteoarthritis Index physi-
cal function subscale; ABC: Activities-specific Balance Confidence Scale.
aSurgery effect: total hip arthroplasty versus total knee arthroplasty.
bExercise group effect: typical exercise group versus typical plus balance
exercise group.

¢Occasion effect: baseline versus follow-up.

*»<0.01.

with the exception of three patients (one in the typical plus
balance exercise group and two in the typical exercise group)
who did not perform exercises for a day due to a prior
engagement.

Although nine patients completed testing at baseline, but
not at follow-up, neither their demographic variables nor
their functional scores at baseline differed significantly from
those of patients who completed the study. Also, the nine
patients who dropped out were not included in the final anal-
yses. For these reasons, we believe that the patients who
dropped out of the study did not affect the outcome of the
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Figure 3. Exercise group by occasion interaction for the
exercise groups on the Timed Up and Go (TUG) test.

study. From a clinical standpoint, patients undergoing THA
or TKA tend to be elderly, have other medical conditions,
and have transportation and mobility issues which may con-
tribute to their dropping out. Previous investigators have
reported similar proportions of drop-outs during the post-
operative rehabilitation phases.!6-17-36:43.46

Several limitations of this study need to be recognized.
Participants in the study comprised a sample of convenience
that was referred to home-based, outpatient physical therapy
within a limited geographical area. Furthermore, all patients
had been advised by their physician to weight-bear as

tolerated on the operated limb; nonweight-bearing or partial
weight-bearing patients were excluded. The assessor was not
blinded to the patients’ exercise group assignment during
assessment at follow-up, and the assessments at follow-up
were carried out in a laboratory setting as opposed to the
patient’s home setting at baseline. Although assessments
were done by two different assessors at baseline and by one
at follow-up, interrater reliability of outcome measures was
not evaluated before completing the assessments. The total
duration for home exercise program for patients in the typi-
cal plus balance exercise group was slightly longer than
those in the typical exercise group to accommodate the addi-
tional balance exercises. In addition, this study examined the
effectiveness of balance exercises after a relatively short-
term intervention of 5Sweeks in the acute post-operative
phase following THA or TKA. Pre-surgical and longer term
(1224 weeks post-surgery) assessments were not com-
pleted. The involvement of the hip and knee joint proprio-
ception in maintaining balance in patients was not the object
and so not assessed in this study.

In conclusion, this study suggests that balance exercises in
addition to typical joint ROM and muscle strengthening exer-
cises in the acute post-operative phase following THA or TKA
can result in significantly greater improvements in balance
with a 5-week intervention period, compared to a typical post-
operative physical therapy program alone. In clinical situations
where the therapist considers improvement in balance to be
important, balance exercises such as those used in this study
may provide a practical means to rapidly improve balance.
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Appendix |. Rehabilitation program (duration: 10 repetitions, 3 times a day).

Typical exercises for THA

Typical exercises for TKA

Balance exercises for THA
and TKA

Assisted knee flexion with a

Assisted knee flexion with a

strap in lying strap in lying

Knee extension on a towel 2. Knee extension on a towel roll
roll in lying in lying

Isometric quadriceps in lying 3. Kbnee flexion by sliding foot on
Hip abduction in standing with bed in lying

holding a stable support 4. Straight leg raises in lying

Hip extension in standing with 5. Assisted knee extension with
holding a stable support strap around the foot in lying
Hip flexion in standing with 6. Knee extension in sitting
holding a stable support 7. Knee flexion by sliding foot on

Knee flexion in standing with
holding a stable support

the floor in sitting

I. Rotate trunk clockwise
and then in anti-clockwise
direction in standing
without support

2. Lunge in walk standing
position without support
and then repeat with the
other leg forward

3. Shift weight to one side in
a stride standing position
without support and then
repeat on the other side

THA: total hip arthroplasty; TKA: total knee arthroplasty.



