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Abstract

Obijectives: Typical rehabilitation programs following total hip arthroplasty and total knee arthroplasty include joint range
of motion and muscle-strengthening exercises. Balance and balance exercises following total hip arthroplasty and total knee
arthroplasty have not received much attention. The purpose of this study was to determine whether an intervention of
balance exercises added to a typical rehabilitation program positively affects patients’ balance.

Methods: A total of 63 patients were provided with outpatient physical therapy at their home. Patients were randomly
assigned to either typical (n=33) or balance (n=30) exercise group. The typical group completed seven typical surgery-
specific joint range of motion and muscle-strengthening exercises, while the balance group completed the typical exercises
plus three balance exercises. After 5weeks of administering the rehabilitation program, patients’ balance was assessed on a
force plate using 95% ellipse area of the center of pressure amplitude.

Results: Patients in the balance group demonstrated significant reduction in the 95% ellipse area for the anterior and
posterior lean standing conditions (p<0.01).

Conclusion: Balance exercises added to the typical outpatient physical therapy program resulted in significantly greater
improvements in balance for participants with total hip arthroplasty or total knee arthroplasty, compared to the typical
exercise program alone. Physical therapists might consider the use of balance exercises to improve balance in individuals in
the acute post-operative phase following total hip arthroplasty or total knee arthroplasty.
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Introduction

it may not improve proprioception in either hip* or knee
joints.?

Balance while standing requires the integration of different
components such as (1) the sensory systems, (2) the central
nervous system and (3) the motor system.! The sensory and
motor systems provide input through the mechanoreceptors
in joint capsules, ligaments, tendons, muscles and from cuta-
neous receptors.? The integrity of joints, ligaments, tendons
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and muscles play an important role in providing propriocep-
tive feedback to maintain balance.? Although the effects of
hip osteoarthritis (OA) on hip joint proprioception are
unclear, knee OA has been reported to result in impairment
of proprioception in the knee joint.? In addition, joint replace-
ment may prevent further deterioration in proprioception but
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Balance studies in individuals with knee OA have reported
that these patients have significantly reduced balance abil-
ity.%7 Also, a study on balance assessed in elderly male indi-
viduals (69+4 years) with hip OA reported reduced balance
ability in these individuals.® But a study on balance in a rela-
tively younger age group of individuals (56+5 years) with
hip OA reported no change in their balance ability.? However,
the primary reason to undergo total hip arthroplasty (THA)
or total knee arthroplasty (TKA) as a result of hip or knee
OA is to reduce pain and stiffness, and to improve joint range
of motion (ROM), muscle strength and physical function!0:11
while little emphasis is placed on improving balance.!?

Studies on standing balance in individuals following THA
have reported conflicting results. Wykman and Goldie!3
reported significant improvement in standing balance
assessed using stabilometry and sway patterns in individuals
after 6 and 12 months following THA compared to pre-sur-
gery measures. In contrast, Ellison et al.'# reported no sig-
nificant difference in standing balance, measured with the
Berg Balance Scale (BBS), between individuals following
THA and a group of age- and gender-matched healthy sub-
jects. Nallegowda et al.!> also reported no significant differ-
ence in standing balance, as assessed using the sensory
organization test following THA as compared to age- and
gender-matched subjects. Trudelle-Jackson et al.!¢ reported a
significant impairment in the standing balance ability of
individuals even 12 months after THA surgery.

Studies on standing balance in individuals following TKA
have also reported contradictory results. While Swanik
et al.!'7 reported mild improvements in standing balance in
subjects following TKA, McChesney and Woollacott's
reported no change. Swanik et al.!” tested 20 subjects about
1.5months prior to TKA and again at least 6 months after
surgery. Balance was assessed using a computerized plat-
form capable of tilting side-to-side and front-to-back. The
authors reported that subjects were able to stand on an unsta-
ble platform with less postural deviation after TKA as com-
pared to postural deviations pre-surgery. McChesney and
Woollacott!® assessed balance of 22 elderly subjects over the
age of 70years who were divided into age- and gender-
matched groups; one group had undergone TKA and the
other group did not. No significant differences were reported
in the anterior and lateral center of pressure (CoP) amplitude
between the two groups. Both investigators used two-legged
standing tests and did not attempt to distinguish between sur-
gical and non-surgical sides.

Impairment in balance has been associated with increased
incidence of falls and has been reported in individuals after
THA or TKA surgery."1?2% The cost of falling is high to the
individual in terms of both physical and psychological
trauma,?® as well as the financial burden to the health care
system.?0 For these reasons, it is important to examine inter-
ventions that can prevent these falls by improving balance in
individuals following THA or TKA surgery. Aside from
reporting continued impairment of balance in individuals

after THA or TKA, Trudelle-Jackson et al.!¢ and Gage et al.2!
both suggested incorporating balance exercises to improve
balance in individuals following surgery without actually
using balance exercises in their studies. An intervention of
balance exercises added to individuals’ home exercise pro-
grams could provide a high benefit for a relatively low cost.
The first step, however, is to determine whether several sim-
ple balance exercises added to a typical home exercise pro-
gram can produce a meaningful positive effect.

The purpose of the study was to determine whether an
intervention of balance exercises added to a typical rehabili-
tation program for individuals following THA or TKA posi-
tively affects the CoP measure on a force platform during
two-limb and one-limb standing conditions.

Methods

A randomized controlled trial was performed in London-
Middlesex County, Ontario, Canada, between April 2006 and
April 2009. Participants for the study were recruited from a
large outpatient home physical therapy provider. Participants
were seen individually at their place of residence by a physi-
cal therapist on the first or second day after hospital discharge,
typically 7-10 days following their surgery. At their first post-
operative home visit, qualified individuals were randomly
assigned to a typical group or to a balance group using a coin-
toss method. Head was allocated to typical group and tail was
allocated to balance group. Participants were asked to flip the
coin and the outcome decided their group allocation. The
physical therapists started administering intervention to the
participants on the same day after the baseline assessments
and group allocation were completed. The intervention pro-
gram was administered for a period of 5 weeks. At the end of
Sweeks, follow-up assessments were completed within
3—6days in a biomechanics laboratory at an academic center.
At the beginning of the study, the physical therapists visited
one patient for the first as well as the follow-up visits together
to ensure that similar and consistent information was con-
veyed to all participants with respect to instructions during
assessment on outcome measures and also during implemen-
tation of the intervention. The two physical therapists who
participated in the study had 3—4 years experience in working
with patients with THA and TKA and had routinely used the
self-reported outcome measures and physical measures for
assessments. Ethical approval for the study was obtained
from the Research Ethics Board for Health Sciences Research
Involving Human Subjects, and all participants provided
written consent prior to participation in the study.

Participants

Participants in this study were a sample of convenience of
consecutive individuals referred to a large outpatient pro-
vider of home physical therapy after either THA or TKA.
Charts of all referred individuals were reviewed to determine
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their eligibility for participation in the study with respect to
the operated joint, any surgery-related complications and
other health conditions. Individuals who met the inclusion/
exclusion criteria were advised of the study. The inclusion
criteria for the study participants were that they had unilat-
eral THA or TKA as a result of hip or knee joint OA and were
advised by their surgeon to weight bear as tolerated follow-
ing surgery. Individuals with revision of THA or TKA or
those who had been advised to remain non-weight bearing or
partial weight bearing on the operated leg were excluded.
Individuals with neurological conditions such as hemiplegia,
peripheral neuropathy, vestibular disorders and Parkinson’s
disease that might affect their balance and those who were
considered unable to communicate or follow instructions
were also excluded from the study. As advised by the sur-
geons, all participants were taking blood thinners for preven-
tion of blood clots and pain medication as needed following
surgery. The THA and TKA surgery on the participants was
performed by different surgeons, and the information on the
surgical technique used was not available in the participants’
charts.

Intervention

Intervention was started on the first post-operative home
visit following baseline assessment. Participants in the typi-
cal group completed joint ROM and muscle-strengthening
exercises and participants in the balance group completed
joint ROM, muscle-strengthening and additional balance
exercises (Appendix 1). Thereafter, participants were visited
by their physical therapist once or twice per week until
Sweeks. Overall, participants received 4—6 home visits dur-
ing the 5weeks they were seen for home visits. All partici-
pants also received routine education about safety and fall
prevention, transfers and limb positioning. All participants
were provided with exercise sheets that included written and
photographed instructions for each prescribed exercise, an
exercise compliance table and a contact phone number for
their physical therapist.

Participants were advised to complete 10 repetitions of
each exercise 3 times a day and to keep a record on the com-
pliance table. Typical joint ROM and muscle-strengthening
exercises were completed only on the operated leg. Each par-
ticipant was taught 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 and all com-
pleted the 5-week intervention period.

Outcome measures

Baseline assessments were completed using two self-
reported outcome measures—the Western Ontario and

McMaster Universities Osteoarthritis Index (WOMAC) and
the Activities-specific Balance Confidence (ABC) scale—
and two physical measures—the BBS and the Timed Up and
Go (TUGQG) test. While the self-reported outcome measure
WOMAC has 24 items and is used to assess pain, stiffness
and physical function in patients with hip and knee OA,? the
ABC has 16 items and is used to assess the level of patients’
balance confidence while performing specific activities.?
The BBS is a 14-item therapist-administered physical meas-
ure to assess balance in the elderly,?* and the TUG is a test of
functional mobility completed using a single chair and a 3-m
walkway.?s

At the end of 5 weeks of intervention, follow-up assess-
ments were completed by the primary investigator (one of
the two participating physical therapists) within 3—6 days in
a biomechanics laboratory at an academic center. Follow-up
assessments also included the two self-reported and physi-
cal measures, as well as a force-plate measure. All partici-
pants who completed the force-plate measures also
completed the self-reported and physical measures.
Participants in the typical group and the balance group
were found to be similar on the self-reported (WOMAC—
typical=36+11, balance=37+11; ABC—typical =37+ 19,
balance=36+24) and the physical measures (BBS—typi-
cal=37+10, balance=34+7; TUG—typical=32+17, bal-
ance=48+26) at baseline assessments. Also, participants
with THA and TKA were found to be similar on the self-
reported and physical measures at baseline, as well as fol-
low-up assessments, and the results of these self-reported
and physical measures are already published by our research
group.?® The data that were gathered on the force-plate
measure on the sample population of the study already pub-
lished by our research group has been presented in this
study. The authors thought it appropriate and desirable to
separate the force-plate data set because (1) the data from
the force-plate measure was extensive, (2) to give accurate
and balanced presentation of the analyses to the reader, (3)
to foster ease in absorption of the data by the reader and to
avoid confusion and (4) to enhance the scientific under-
standing of the analyses for the research question that is
being addressed.

Force platform. Balance was assessed using an AMTI
(Advanced Mechanical Technology Inc., Newton, MA,
USA) stationary S5lcmx46cm steel force plate with
implanted strain gauges, an amplifier and a computer with
Biosoft software (Advanced Mechanical Technology Inc.)
which computed the CoP excursion area while the subject
stood on the force plate.

Previous studies have utilized CoP amplitude, which is the
total distance traveled in the medial-lateral and anterior—pos-
terior directions to describe CoP patterns during balance
assessments.3? For the purposes of this study, the 95% ellipse
area of the CoP amplitude in medial-lateral and anterior—pos-
terior directions was used as the CoP measure and was
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calculated in cm?, using the Biosoft software. The 95% ellipse
area covers 95% of the data points of the CoP amplitude in
the medial-lateral and anterior—posterior direction, which
according to Lee and Park?” provides good information about
postural stability in anterior—posterior and medial-lateral
directions, and is not biased by outliers. Swanenburg et al.2®
have reported a good reliability of 95% ellipse area of the
CoP using AMTI force plate to assess balance on two-legged
stance in elderly patients.

After Sweeks of participation in the home exercise pro-
gram, standing balance was assessed by the primary investi-
gator using the force plate in the biomechanics laboratory.
Participants were comfortably dressed in shirt and pants and
were bare foot during the tests. Before the balance tests, par-
ticipants were comfortably seated on a chair placed behind
the force plate while the testing procedure was demonstrated
and reviewed. Participants were encouraged to ask any ques-
tions related to the procedure and report any fatigue they
experience during the testing.

A walker was positioned immediately in front of the
force plate for safety purposes. The participants were
instructed to use the arms of the chair to stand up and place
their feet on the pre-marked foot impressions on the force
plate, the right foot on the right-side impression and the left
foot on the left-side impression. For the one-legged standing
conditions, the participants were asked to bend the knee and
lift the non-testing leg. Participants were asked to use the
walker to achieve balance before each test (Figure 1). Once
the participants obtained balance, they were asked to release
the walker and stand in the test position for 10s during the
data-capture interval. They were advised to use the walker
in case they lost their balance. For safety reasons and to
enhance the participant’s confidence, another physical ther-
apist was present by the participant’s side to guard against
any major loss of balance and potential fall. The 10-s data
collection period began when the participant said “Now,”
indicating that they believed they had established balance.

The balance testing comprised five test conditions per-
formed with the participant’s eyes open. The five test condi-
tions were as follows: (1) two-limb stance, (2) two-limb
anterior lean stance, (3) two-limb posterior lean stance, (4)
operated single-limb stance and (5) non-operated single-
limb stance. Testing started with two-limb standing condi-
tions where the participants were instructed to place weight
equally on both feet, followed by the one-limb conditions.
For the anterior and posterior lean stance, participants were
instructed to lean anteriorly or posteriorly as far as they
could comfortably maintain the position. Two repetitions of
each test were completed, with a 10-s rest interval between
repetitions during which the patient remained standing and
used the walker for support as needed. Demonstration of the
balance tests on the force plate was provided to the partici-
pants by the primary investigator prior to balance testing. No
trial training was given to the participants to avoid any learn-
ing effect.

Figure I. Participant in two-limb standing position on the force
plate for balance testing.

Statistical analyses

A two-way analysis of variance (ANOVA) tests were used to
compare the two surgical groups (THA and TKA) by the two
exercise groups (typical and balance) on age, height, mass, foot
length and foot width. Two-way ANOVA tests were also used
to examine the 95% ellipse area for each of the test conditions
on the two surgical groups (THA and TKA) by two exercise
groups (typical and balance). An average of the scores of the
two repetitions for each test condition was used as the final
score of 95% ellipse area for that condition. All statistical tests
were completed using STATISTICA,?® and as five separate
ANOVAs were done for the five test conditions, the o-level
was corrected to 0.01 to denote statistical significance.

A priori power analysis using data from the previous
study with subjects with TKA indicated that a sample of 20
participants 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 0.05.3° Patients
with THA and TKA were pooled together to provide an ade-
quate sample size in this study.

Results

A total of 63 participants (22 males and 41 females) with a
mean age of 66+ 10years were included in the study. Nine
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Assessed for eligibility
(n=82)

Excluded (n=19)
e Declined (n=9)

e Communication issues (n = 5)
e Other complications (n = 5)

Randomized
(n=63)

Allocated to Balance Group (n=30)
e Received typical exercises as well
as balance exercises (n = 30)

Follow Up

Allocated to Typical Group (n=33)
e Received only typical exercises (n
=33)

Lost to follow up (n=2)
e Unavailable (n = 2)

Analysis

Lost to follow up (n=7)
e Unavailable (n=1)
o Loss of interest (n = 4)
e Transportation issue (n = 2)

Analysed (n = 27)
e Excluded from analysis (n = 1)
Technical problems with force
plate

Analysed (n = 23)
e Excluded from analysis (n = 3)
Technical problems with force
plate

Figure 2. Design and flow of participants through the trial.

participants dropped out and did not complete the final bal-
ance testing. Reasons for dropping out included the follow-
ing: (1) difficulty in getting transportation from patient’s
home to the biomechanics laboratory, (2) traveling distance,
(3) poor driving conditions during the winter months and (4)
family functions and other appointments. Another four par-
ticipants, who completed the exercise program but were not
tested on the force plate due to technical problems with the
equipment, were dropped from data analysis. Figure 2 shows
the flow of participants in the study. Demographic informa-
tion of participants who completed the study is presented in
Table 1. No statistically significant differences in age, height,
body mass, foot length and foot width were observed
between the surgical (THA and TKA) and exercise (typical
and balance) groups. Of the 50 participants, 30 were able to
complete one-limb stance on their operated limb and 33 par-
ticipants were able to complete one-limb stance on their non-
operated limb. These participants identified pain rather than
balance issues as the reason for not being able to complete
the test. All participants were able to complete the two 10-s

tests for all two-limb conditions that they considered not
painful. No additional trials were required and no losses of
balance during the tests were observed.

The 95% ellipse area covered by participants for each test
condition in the balance and typical groups is provided in
Table 2. The 2 two-limb standing conditions (anterior lean
and posterior lean) were characterized by similar results on
the ANOVAs—only the exercise group’s main effect was
statistically significant (p<0.01, Table 3). Participants in the
balance group demonstrated a significant reduction in 95%
ellipse area compared to the typical group. No statistically
significant effects were observed for the two-limb stance and
the 2 one-limb standing conditions (operated and non-oper-
ated limb). Data analyses using only those patients who
completed all five test conditions (excluding those who were
not able to perform the one-limb standing) produced identi-
cal results compared to results based on all participants
including those who were not able to perform one-limb
standing. Overall, no significant differences were observed
between the THA and the TKA groups (p>0.01), and all
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analyses were performed with the data on the THA and TKA
groups pooled together.

Discussion

Participants in the balance group who performed balance
exercises in addition to the typical joint ROM and muscle-
strengthening exercises demonstrated better balance as com-
pared to participants who performed only the typical exercises.

Table I. Descriptive information for the participants (n=>50).

Surgery THA TKA

Exercise group Typical Balance Typical Balance
Sample size (n) Il 13 12 14
Males (n) 5 4 3 6
Females (n) 6 9 9 8

Age (year) 706 679 63£10 6310
Height (cm) 158+27  165%6 164+ 13 167+10
Mass (kg) 75+18 76£15 89+22 90+22
Foot length (cm) 27+3 25+2 26+3 26+ |
Foot width (cm) 291 2812 29+2 29+ |

THA: total hip arthroplasty; TKA: total knee arthroplasty; SD: standard
deviation.

Table 2. Means and standard deviations for CoP area (cm?) for
balance and typical groups.

Test condition Balance Typical

n MeantSD n MeanzSD
Two-limb evenly distributed 27 1.0£1.0 23 27%3.6
weight stance
Two-limb anterior lean stance 27 [.5+1.4 23 44+37
Two-limb posterior lean stance 27 2.0%1.9 23 5349
Operated single-limb stance 17 64163 13 73147
Non-operated single-limb 19 47%50 14 86+10.3

stance

CoP: center of pressure; SD: standard deviation.

Table 3. ANOVA summary table for CoP area of participants.

Improvement in balance ability was found on two test condi-
tions that involved standing on both limbs, the anterior lean
and posterior lean standing conditions. The balance exercises
used in this study perhaps improved the balance requirement
to perform these two test conditions and did not address the
balance requirement to perform single-limb stance or the static
bilateral stance. Previous studies that assessed balance in indi-
viduals with TKA using force plates have also used two-limb
standing tests and have showed them to be valid and reliable
for assessing balance.'”-!83! Previous studies have also
reported improvement in physical function as a result of joint
ROM and muscle-strengthening exercises.?233 In this study,
balance exercises were added to the typical joint ROM and
muscle-strengthening exercise program rather than replacing
some of the typical exercises. This was done to determine
whether balance exercises had any effect on balance in indi-
viduals following THA or TKA. Also, 5 weeks is typically the
average duration for in-home rehabilitation program follow-
ing THA or TKA after which patients go to the outpatient
rehabilitation program in the hospital or clinical settings.

The seven typical joint ROM and muscle-strengthening
exercises and the three balance exercises were selected by
two physical therapists who routinely treated patients with
THA and/or TKA. The exercises were described in various
exercise protocols used in previous studies.?233 In this study,
the three added balance exercises were simple but they did
challenge the balance of participants with THA or TKA.
None of the participants in the balance group reported any
problems from performing the balance exercises. Compliance
was considered excellent, with 95% of participants reporting
completion of all exercises as per the recommended fre-
quency and number of repetitions. One participant in the bal-
ance group and two participants in the typical group did not
perform exercises for a day due to a prior engagement.

This study also tested balance using one-limb standing
conditions to examine balance directly as a result of either
THA or TKA and minimize the contribution of the other limb
in maintaining balance. On these tests, no significant differ-
ence was observed between participants in the balance group
and typical group. Standing on either the operated limb or
the non-operated limb was found to be a challenging task for

Test condition Subjects who Surgery Exercise Surgery x

completed group Exercise group

the tests (n)

F-ratio p-value F-ratio p-value F-ratio p-value

Two-limb evenly distributed weight stance 50 041 0.52 5.11 0.03 1.45 0.24
Two-limb anterior lean stance 50 0.23 0.63 14.50 0.00%* 0.80 0.38
Two-limb posterior lean stance 50 0.15 0.70 10.00 0.00* 1.03 0.32
Operated single-limb stance 30 1.64 0.21 0.72 0.40 2.79 0.11
Non-operated single-limb stance 33 0.00 0.97 2.02 0.17 2.63 0.12

CoP: center of pressure.
*p<0.01.
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the participants. Also, our balance intervention did not
address the balance requirement necessary for one-limb
stance. Of the 50 participants, only 30 were able to stand for
10s on their operated limb and 33 participants on non-oper-
ated limb. As a result, sample sizes for the surgical group—
exercise group combinations in the ANOVAs were relatively
small, ranging from 6 to 11 per group. Furthermore, the
observed standard deviations were relatively large for the
means, which could have led to the non-significant results
between the balance group and typical group for the one-
limb standing tests. A study by Trudelle-Jackson et al.l®
assessing balance in individuals with THA using one-limb
standing positions on a force plate did so at about 1 year post-
surgery and reported lower balance ability on the operated
limb as compared to the non-operated limb. To our knowl-
edge, this study is the first to assess balance in individuals
with THA or TKA using one-limb standing position at an
immediate post-surgery period.

The first 2months after THA and TKA surgery are con-
sidered clinically important time periods during which
patients must adapt to changes in their health status and tech-
niques of performing physical function and mobility. In this
post-surgery period, physical therapy is employed for reha-
bilitation purposes although patients are expected to con-
tinue their home exercise programs indefinitely. Results of
this study suggest that balance exercises added to routine
joint ROM and muscle-strengthening exercises for individu-
als following THA or TKA have a potential to improve bal-
ance ability as measured by CoP area. Improvement in
balance could promote independence in mobility and func-
tion such as walking, stair climbing, getting in and out of
vehicles and negotiating uneven terrain. Better balance could
help individuals improve their balance confidence and help
them understand their balance limits, enabling them to dif-
ferentiate between functional activities that they can and
cannot safely perform.

In this study, force-plate assessments on participants were
performed in the acute post-operative period following their
THA and TKA surgery. THA and TKA being major surger-
ies, patients have very limited physical abilities immediately
after surgery due to consequent pain, swelling and stiffness
in the operated limb. Presence of any other co-morbid condi-
tion also compromises the patients’ physical abilities along
with their coping ability. Activity tolerance, as well as sand-
ing tolerance, in these patients immediately after surgery is
very low. Force-plate assessments are extensive and physi-
cally challenging to patients and require certain degree of
physical ability and endurance. The protocol used for the
force-plate analyses in this study included five test condi-
tions that had one-limb standing task. Immediately after
THA or TKA surgery, it is difficult for patients to perform
not only one-limb standing task but also anterior and poste-
rior lean standing tasks. Even if attempts were made to assess
participants on force plate immediately after THA or TKA, it
would not have been possible to gather enough data from

these participants on all force-plate test conditions and would
also have compromised the safety of participants. As a result,
it was decided that participants in this study would be
assessed on the force plate only after a period of few weeks
following their THA or TKA surgery and after completion of
the study intervention. Also, the outpatient home physical
therapy provider and the physical therapists had no informa-
tion of participants’ surgical status (date of surgery) or access
to participants’ charts before surgery. Participants’ informa-
tion could only be accessed upon their discharge to home
following surgery when they were referred to the home
physical therapy provider for physical therapy. As a result,
pre-surgical force-plate assessments on participants were not
completed.

Although this study did not had baseline (pretest) scores
on the force-plate tests and only post-intervention (posttest)
scores, the study design involved randomization and com-
parison groups (typical and balance). Portney and Watkins3®
suggest that such “posttest-only design” also controls stand-
ard threats to internal validity and we can assume that the
groups in the study are equivalent prior to intervention even
without the pretest score and that its internal validity is
strong. In addition, if pretest score on participants were
obtained on force-plate tests, the participants may be sensi-
tized to the force-plate test in a way that would influence
their scores on a subsequent posttest.3® As a result, the exter-
nal validity of the study design is also strong.?® Although
researchers should not undermine the importance of the
“pretest—posttest design,” the “posttest-only design” is iden-
tical to the “pretest—posttest design” except that a pretest is
not administered to either group.’® The “posttest-only
design” has been successfully used in a previous study to
determine and compare lower limb force production during a
single-leg horizontal press in operated and unoperated limbs
in participants with TKA and the limb of age- and gender-
matched control group.3” Another study by Bertocci et al.38
also used “posttest-only design” to evaluate differences in
isokinetic hip flexion, extension and abduction muscle per-
formance of limbs in participants with THA who completed
outpatient or home-based physical therapy intervention com-
pared to healthy participants.

Participants in this study represented a sample of con-
venience composed of patients referred to home-based out-
patient physical therapy within a limited geographical area,
and thus the generalizability of the results may be limited.
All participants were discharged from the hospital after they
fulfilled the basic criteria required by the surgeon of the
operated hip and knee joint ROM being 0-90, and partici-
pants being independent in basic transfers, mobility and
stair climbing. Also, all participants had been advised by
their surgeon to weight bear as tolerated on the operated
limb. Consequently, the results of the study may not be gen-
eralized to individuals with THA and TKA who are advised
to partial weight bear or non-weight bear on the operated
limb, individuals with hip and knee joint ROM limited



SAGE Open Medicine

within 0—90 or residual deformities such as genu varum and
individuals dependent for basic transfers, mobility and stair
climbing. This study examined the effectiveness of typical
and added balance exercises used during a relatively short
period following THA or TKA surgery, and other types of
exercises were not evaluated. Long-term, 12-24weeks,
post-surgery assessments were not completed, and so the
long-term effects of the exercises are not known. In addi-
tion, the therapists were not blinded to the participants’
group allocation.

In conclusion, the addition of three balance exercises to
typical joint ROM and muscle-strengthening exercises has
potential to improve two-limb standing balance in individ-
uals following THA or TKA as demonstrated by a signifi-
cant reduction in the 95% ellipse area of the CoP amplitude
in participants who performed balance exercises in addition
to a typical exercise protocol. Whether these balance
improvements can be preserved longer than 5weeks after
THA or TKA surgery requires further study. Future studies
could also possibly investigate the effects of balance exer-
cises on functional assessment of balance in individuals
with THA or TKA. The patients had no difficulties per-
forming the balance exercises and they were highly compli-
ant in doing so. Addition of balance exercises in the
rehabilitation program for individuals with THA or TKA
could improve their balance and subsequently improve
their ability to perform balance-related daily physical
activities.
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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

W -

Assisted knee flexion with a strap in lying .

Assisted knee flexion with a strap in l.

Rotate trunk clockwise and then in

Knee extension on a towel roll in lying

lying
Knee extension on a towel roll in lying
Knee flexion by sliding foot on bed in

Straight leg raises in lying

Assisted knee extension with strap
around the foot in lying

Knee extension in sitting

Isometric quadriceps in lying 2.

Hip abduction in standing with holding a 3.

stable support lying
Hip extension in standing with holding a 4.

stable support 5.

Hip flexion in standing with holding a

stable support 6.

Knee flexion in standing with holding a 7.

stable support

Knee flexion by sliding foot on the
floor in sitting

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.





