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Background. Patients with total knee arthroplasty (TKA) have impaired balance
and movement control. Exercise interventions have not targeted these impairments
in this population.

Objectives. The purposes of this study were: (1) to determine the feasibility of
applying a balance exercise program in patients with TKA, (2) to investigate whether
a functional training (FT) program supplemented with a balance exercise program
(FT�B program) could improve physical function compared with an FT program
alone in a small group of individuals with TKA, and (3) to test the methods and
calculate sample size for a future randomized trial with a larger study sample.

Design. This study was a double-blind, pilot randomized clinical trial.

Setting. The study was conducted in the clinical laboratory of an academic center.

Participants. The participants were 43 individuals (30 female, 13 male; mean
age�68 years, SD�8) who underwent TKA 2 to 6 months prior to the study.

Interventions. The interventions were 6 weeks (12 sessions) of a supervised FT
or FT�B program, followed by a 4-month home exercise program.

Measurements. Feasibility measures included pain, stiffness, adherence, and
attrition. The primary outcome measure was a battery of physical performance tests:
self-selected gait speed, chair rise test, and single-leg stance time. Secondary outcome
measures were the Western Ontario and McMaster Universities Osteoarthritis Index
and the Lower Extremity Functional Scale.

Results. Feasibility of the balance training in people with TKA was supported by
high exercise adherence, a relatively low dropout rate, and no adverse events. Both
groups demonstrated clinically important improvements in lower-extremity func-
tional status. The degree of improvement seemed higher for gait speed, single-leg
stance time, and stiffness in the FT�B group compared with the FT group.

Limitations. Due to the pilot nature of the study, differences between groups did
not have adequate power to show statistical significance.

Conclusions. There is a need for conducting a larger randomized controlled trial
to test the effectiveness of an FT�B program after TKA.
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By the year 2020, it is estimated
that more than 3 million total
knee arthroplasty (TKA) sur-

geries will be performed in the
United States for end-stage arthritis
in the knee joint.1 Although there is
a rapid and substantial improvement
in knee pain after TKA, 37% of pa-
tients have limited functional im-
provement 1 year after the surgery.2

The most common limitations of
these patients are diminished walk-
ing speed, difficulty ascending and
descending stairs, and inability to re-
turn to sports played prior to the
surgery.3–5 In light of these limita-
tions, researchers are continually
testing the benefits of exercise ther-
apy to improve the outcomes of pa-
tients after TKA.

Studies that investigated the effec-
tiveness of exercises after hospital
discharge have used traditional exer-
cise programs consisting of range of
motion, stretching, strengthening,
and endurance exercises and have
shown a small beneficial effect on
pain and function.6–9 Some studies
have tested the effectiveness of func-
tional training (FT).6,10 Functional
training programs consist of more
dynamic exercises and require the
performance of activities generally
limited by patients with TKA, such
as stair ascending and descending,
walking, and chair stands.6,10 Al-
though these trials have shown bet-
ter outcomes for pain, physical func-
tion, and quality of life, the effects
tend to fade at follow-ups longer
than 3 to 4 months,11 suggesting that
exercise programs could be refined
to produce long-lasting functional
improvements in these patients.

In refining exercise therapy ap-
proaches, it is important to consider
factors that may contribute to func-
tional deficits of patients with TKA.
One such factor may be impaired
movement control and balance. Al-
though during TKA surgery several
tendons, capsule, and remaining lig-

aments are retightened to restore the
joint spaces deteriorated by the ar-
thritis, in order to restore the intra-
articular geometry, some of the knee
ligaments are removed or released.
These alterations may affect the
function of several mechanorecep-
tors and impair movement control
and balance.12 Several studies have
identified deficits in components of
the balance system, such as de-
creased ability to detect joint posi-
tion and motion, delayed muscle la-
tency, altered amplitude of muscle
activity, and decreased postural con-
trol, in patients after TKA.12–19

Therefore, exercises aimed at im-
proving the impaired movement
control and balance of patients after
TKA should be considered.

We are not aware of exercise inter-
ventions that attempted to specifi-
cally target patients’ deficits related
to balance and movement control.
Although the FT programs used so
far require patients to perform func-
tional activities such as chair rises,
bilateral and unilateral knee flexion
in standing, climbing stairs, and walk-
ing in place, these activities do not
seem to fully challenge patients’ bal-
ance and movement control. To im-
prove these deficits, exercises should
expose patients to activities that
challenge their stability and propose
movement problems that mimic more
skilled abilities of everyday life such
as twisting, turning, sudden starts and
stops, standing over unstable surfaces,
walking while changing speed and di-
rection, using narrow paths, overcom-
ing obstacles, and so on. If patients
improve their ability to maintain sta-
bility and solve more challenging
movement problems, it could help to
decrease further the functional limita-
tions and increase their confidence to
safely engage in a more physically ac-
tive lifestyle, ultimately resulting in a
longer-term benefit in individuals with
TKA. Before a more challenging bal-
ance exercise program is recom-
mended in patients with TKA, its fea-

sibility should be tested, including its
safety and tolerability by these pa-
tients.20 If feasibility is demonstrated
and the exercise program shows a
beneficial effect, it will support the
need for trials with larger sample sizes
to test the effectiveness of the exercise
program to return patients with TKA
to higher levels of physical function.
This study of a small sample of patients
is the initial step toward that end.

The aims of this pilot study were:
(1) to determine the feasibility of ap-
plying a balance exercise program
in patients with TKA, (2) to investi-
gate whether an FT program sup-
plemented with a balance exercise
program (FT�B program) could im-
prove physical function compared
with an FT program alone in a small
group of patients with TKA, and
(3) to test the methods and calculate
a sample size for a future randomized
trial with a larger study sample to
further the research agenda on im-
proving functional outcome in pa-
tients with TKA.

Method
Design Overview
This study was a double-blind, pilot
randomized clinical trial.

Setting and Participants
Study implementation took place
from January 2007 to May 2008 in
the Department of Physical Therapy
at the University of Pittsburgh. Par-
ticipants were recruited from one or-
thopedic surgeon. Patients who had
a TKA performed in the previous
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months were mailed study informa-
tion. Interested participants were
screened for eligibility over the tele-
phone. All participants gave written
consent prior to the study.

Patients were eligible if they were at
least 50 years of age and had a uni-
lateral TKA in the previous 2 to 6
months. A minimum of 2 months af-
ter TKA was specified to avoid knee
pain, effusion, or limitations in mo-
tion restricting the implementation
of the exercise programs. Individuals
were excluded if they reported 2 or
more falls within the previous year,
were unable to ambulate a distance
of 30.48 m (100 ft) without an assis-
tive device or a rest period, had an
acute illness or cardiovascular dis-
ease, had high blood pressure not
controlled by medication, had severe
visual impairment, had a lower-
extremity amputation, had a progres-
sive neurological disorder, or were
pregnant. All participants under-
went a tricompartmental, cemented
TKA, using a minimally invasive tech-
nique, with a quadriceps muscle–
sparing incision. The same surgeon

performed all surgeries. Participants
received the same rehabilitation while
in the hospital. After hospital dis-
charge, participants received inpa-
tient, home, or outpatient physical
therapy, as needed. This information
was not recorded because there is
no evidence to support differential
TKA outcomes across rehabilitation
settings.8,9,21

Randomization
and Interventions
A statistician who was not aware of
the study aims generated the ran-
domization plan and added it into
the computer program used for the
paperless data collection in this
study. A research assistant who was
not involved with recruitment or
testing performed the randomization
after the baseline session. Participants
were randomly assigned to receive
either the FT program or the FT�B
program. Participants were not aware
of what type of exercises the other
group received until the end of the
study.

Supervised exercise programs.
During the trial, 5 physical therapists
were involved in delivering the 12
sessions of supervised exercise over
6 weeks. Sessions were individual-
ized. The FT program consisted of
warm-up, strengthening exercises,
functional task-oriented exercises,
endurance exercises, and cool-down.
It was based on the protocol pub-
lished by Moffet and colleagues.10

The FT�B program included all of
the above components plus balance
exercises (agility and perturbation
techniques) and was based on the
protocol published by Fitzgerald and
colleagues22 (Appendix).

Home exercise programs. At the
end of supervised program, partici-
pants were asked to continue exer-
cising at home 2 times per week for
4 months. Adherence to the home
exercise program was recorded in
an exercise log. Participants were
called once a month to encourage
adherence.

Outcomes and Follow-up
Trained study personnel who were
unaware of group assignment per-
formed all outcome assessments. At
the end of the trial, each tester was
asked to guess group assignment.
The testers correctly guessed group
assignment 56% of the time, which is
close to chance guessing and sug-
gests appropriate masking. Outcome
data were collected at baseline, after
the completion of the supervised
program (2 months), and at the
completion of the 4-month home ex-
ercise program period (6 months af-
ter randomization). The 6-month
follow-up was the endpoint of major
interest.

Feasibility was assessed by pain, stiff-
ness, adherence to the supervised pro-
grams, adherence to the home exer-
cises, attrition, and adverse events.
Pain was measured in 2 ways. Pain
during activities was measured by
the 5-item Western Ontario and Mc-

The Bottom Line

What do we already know about this topic?

Although exercise programs have been the mainstay of treatment for the
functional deficits of patients after total knee arthroplasty (TKA), their
effectiveness has been limited. To date, exercise programs have not
targeted the deficits in balance and movement control of these patients.

What new information does this study offer?

This small study demonstrated that exercise programs that target balance
and movement control are safe, well tolerated, and appear to improve
functional performance, stiffness, and pain of patients after TKA.

If you’re a patient, what might these findings mean
for you?

Exercises that challenge a patient’s balance may be beneficial. There is a
need for conducting larger studies to confirm these results before incor-
porating these exercises into rehabilitation after TKA.
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Master Universities Osteoarthritis In-
dex pain subscale (WOMAC-PN).23–25

Intensity of knee pain was measured
using an 11-point numeric pain
scale, which was anchored on the
left with the phrase “no pain” and on
the right with the phrase “worst
imaginable pain.”26–28 Although pain
intensity was measured at all mea-
surement points in the knee that had
undergone surgery (surgical knee), it
was measured only at 6 months in
the knee that had not undergone sur-
gery (nonsurgical knee). We did not
collect data on pain in the nonsurgi-
cal knee prior to the 6-month point
because this measure was proposed
during a data safety meeting after
starting study implementation.
Stiffness was measured by the
2-item WOMAC stiffness subscale
(WOMAC-ST).23–25 Adherence to the
supervised programs was calculated
as the number of exercise sessions
performed over the 12 sessions pre-
scribed. Adherence to the home ex-
ercises was calculated as the number
of exercises performed over the
number of exercises prescribed. At-
trition was calculated as the number
of participants at the end of the trial
over the participants originally ran-
domized to each group.

As per the recommendation of ex-
perts in arthritis, lower-extremity
functional status was measured with
performance-based and self-report
measures.29 Performance-based mea-
sures rather than self-report mea-
sures were chosen as the primary
outcome measure because patients
with TKA tend to self-report their
outcome as good even when they
experience difficulty performing daily
tasks.30,31 Moreover, self-reports of
physical function are more influ-
enced by pain.32 We chose a battery
of tests easily done in the clinical
setting. The battery of tests included
self-selected gait speed, a timed chair
rise test, and single-leg stance time.
Self-selected gait speed was mea-
sured by recording the time each

participant needed to pass 2 infrared
beams 4 m apart, located in the cen-
tral part of a longer path of 7 m to
avoid measurement during gait ac-
celeration or deceleration. Partici-
pants were timed twice, and the
faster speed was recorded. For the
timed chair rise test, participants
were seated in a chair without arm-
rests with their arms crossed over
their chest. They were timed during
5 repetitions of rising to a full up-
right position and sitting back down
in the chair without assistance. The
single-leg stance test was a measure
of balance that consisted of record-
ing the length of time participants
balanced on one leg while keeping
their hands on their hips. The test
lasted up to 30 seconds and was
stopped if: (1) the swing leg touched
the floor, (2) the tested foot dis-
placed on the floor, (3) the swing
lower leg touched the tested limb, or
(4) the arms swung away from the
hips. These tests cover important do-
mains of lower-extremity physical
function such as walking ability, dy-
namic and static balance, muscle
strength and power, and movement
control. They have been shown to
be reliable and responsive to inter-
ventions and to have the ability to
discriminate from low to high func-
tional ability in individuals of various
ages and functional levels.33–38

Secondary functional outcome mea-
sures were the condition-specific
WOMAC physical function subscale
(WOMAC-PF) and the region-specific
Lower Extremity Functional Scale
(LEFS). The WOMAC-PF has 17 items
(each scored from 0 to 4), with a
total score of up to 68 points. Larger
scores indicate worse function. Evi-
dence for the validity of the WOMAC
is well established.23–25 The WOMAC
version LK3.1 was used. The LEFS
was used as a measure of lower-
extremity function. The scale con-
sists of 20 items (each scored from
0 to 4), with the total score ranging
from 0 to 80 (larger scores indicate

better function). Reliability, validity,
and responsiveness have been estab-
lished for this measure.39

Data Analysis
Because the goal of the study was
parameter estimation rather than hy-
potheses testing, we calculated 95%
confidence intervals (CIs) around our
observed point estimates of effect.
Baseline characteristics were com-
pared by visual observation of the
absolute differences between the 2
groups. Adherence and attrition rates
were visually compared between the
groups.

Point estimates and 95% CIs were
compared for changes in pain, stiff-
ness, and physical function in the FT
and FT�B groups at the 2- and
6-month time periods. As a measure
of relative improvement, we calcu-
lated the percentage of change for
each group at 2 and 6 months. To
test whether the within-patient
changes (within-group differences)
were clinically important, we com-
pared the minimal important differ-
ence (MID) of each outcome against
either the 95% CI or the percentage
changes. The MID for a scale is the
smallest change score associated
with a patient’s perception of an im-
portant change in health status.40

Differences were considered small
but clinically important when the
95% CI around the estimated size of
the within-group effect included the
MID.41 The MIDs for the measures
were obtained from the literature
and were as follows: a difference of
0.05 m/s in self-selected gait speed,42

a difference of 9 points in
WOMAC-PF scores,43 a difference of
9 points in LEFS scores,39 and a dif-
ference of 2 points in numeric pain
rating scale scores.44 Between-group
differences at 2 and 6 months were
estimated by calculating the differ-
ence in mean change between the
groups and their 95% CI.
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The SPSS version 16.0* was used to
compute point estimates and 95% CI.
To estimate sample size, we used the
mean difference between groups at
6 months and the standard deviation
of such differences. Sample sizes
were estimated using Sample Power
2.0.*

Role of the Funding Source
This study was funded by the Central
Research Development Fund; the
University of Pittsburgh Medical
Center Health System Competitive
Medical Research Fund; the Claude
D. Pepper Older American Indepen-
dence Center (P30-AG024827); the
National Center for Research Re-
sources, a component of the Na-
tional Institutes of Health, and NIH
Roadmap for Medical Research (KL2

RR024154-02); and the American
College of Rheumatology Research
and Education Foundation New In-
vestigator Award. The funding sources
played no role in the design, con-
duct, or reporting of the study. The
contents of this publication are
solely the responsibility of the au-
thors and do not necessarily repre-
sent the official view of the funding
sources.

Results
Of the 76 participants assessed for
eligibility, 43 underwent baseline
testing and randomization. From the
22 participants assigned to the FT
group and the 21 participants as-
signed to the FT�B group, 17 and
18 participants, respectively, com-
pleted the study and were included
in the analysis (Fig. 1).

Baseline Comparisons
Table 1 presents baseline participant
characteristics for both treatment
groups. Visual observation of the dif-
ferences indicated that the groups
were well matched for the majority
of the variables. Participants in the
FT�B group had slightly better func-
tion (3.9 points lower on the
WOMAC-PF and 2.9 points higher on
the LEFS) than participants in the FT
group. These differences were likely
not relevant, as they represent less
than half of the MID for the WOMAC-
PF and LEFS. For the performance-
based measures, participants in the
FT�B group balanced 4.7 seconds
longer on the surgical leg and were
0.05 m/s slower than the FT group.
Differences in single-leg stance and
gait speed seemed clinically mean-
ingful and supported accounting for
baseline scores when observing the
change in both groups. The base-
line differences between the groups
were taken into consideration by cal-
culating the point estimates and 95%
CI of change scores, rather than us-
ing the exit scores (follow-up).

Feasibility
Adherence to the supervised exer-
cises was 100% in both groups. Ad-
herence to the home exercise pro-
gram was similar: the FT�B group
performed a mean of 64% (SD�38%)
of the prescribed exercises, whereas
the FT group performed a mean of
67% (SD�21%) of the prescribed ex-
ercises. The between-group differ-
ence was 3% (95% CI��24, 19). The
overall attrition rate was 16%: 10%
(2/21) in the FT�B group and 23%
(5/22) in the FT group. There were
no adverse events or clinical compli-
cations related to the study interven-
tions. The balance exercise program
did not exacerbate pain or stiffness
(Tab. 2). The WOMAC-PN scores de-
creased similarly in both groups. In
the FT�B group, pain intensity in
the surgical knee decreased mini-
mally at 2 months (0.72 points) and
slightly more at 6 months (1.1

* SPSS Inc, 233 S Wacker Dr, Chicago, IL
60606.

Figure 1.
Participant flow during the study.
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points). For the FT group, knee pain
increased slightly at 2 months and
returned to baseline level at 6
months. Mean pain intensity in the
nonsurgical knee at 6 months was
similar in both groups (we did not
collect these data at baseline and at 2
months). The WOMAC-ST scores de-
creased 35% in the FT�B group and
13% in the FT group.

Primary and
Secondary Outcomes
Table 3 displays the changes in phys-
ical function. Within-group increases
in self-selected gait speed seemed
clinically important in the FT�B
group. Differences between groups
favored the FT�B group (between-
group mean difference�0.10 m/s).
Both groups had similar decreases in
chair rise times (�20%). In the FT�B
group, single-leg stance on the surgi-
cal side decreased minimally at 2
months (13%) and kept decreasing at
6 months (24%). For the FT group,
single-leg stance on the surgical side
decreased 26% at 2 months and re-
turned to baseline level at 6 months.
Between-group differences in single-
leg stance on the surgical side at 6
months favored the FT�B group by
25%. The decrease in single-leg stance
time on the nonsurgical side was
clinically important only in the
FT�B group (38% at 2 months and
34% at 6 months). Figure 2 shows that
both groups had improved scores on
the performance-based tests from
the baseline to the 2 follow-ups. Par-
ticipants in the FT�B group contin-
ued to improve from 2 to 6 months,
whereas the participants in the FT
group maintained the same scores or
had worse scores on these measures.
Participants in both groups had sim-
ilar improvements in WOMAC-PF
and LEFS scores at the 2- and
6-month follow-ups (Tab. 3 and
Fig. 2).

Sample Size Estimations
The sample size for future trials was
estimated based on the 3 primary

Table 1.
Baseline Demographic and History Characteristics and Measures of Physical Function
and Feasibilitya

Variable
FT�B Group

(n�18)
FT Group
(n�17)

Age (y) 67�6 70�10

Sex, n

Female 13 12

Male 5 5

Race/ethnicity, n

White 16 17

Black 1 0

Latino 1 0

Married, n 10 11

Live alone in household, n 6 5

College degree, n 14 10

Body mass index (kg/m2) 30�5 31�5

Time since surgery, n

�2 mo, but �3 mo 6 5

�3 mo, but �4 mo 8 4

�4 mo, but �5 mo 2 4

�5 mo, but �6 mo 2 4

No. of physical therapy sessions since surgeryb 19�8 20�8

No. of comorbidities,c median (25th quartile – 75th quartile) 3 (2–5) 2 (1–4)

Performance-based physical function

Self-selected gait speed (m/s) 1.07�0.16 1.12�0.15

Timed chair raise (s) 15.6�8.3 15.9�9.2

Single-leg stance (s), surgical side 16.4�10.9 11.7�11.9

Single-leg-stance (s), nonsurgical side 11.0�10.0 11.0�10.8

Self-reported physical function

WOMAC–PN (0–68) 16.1�6.9 20.0�8.3

LEFS (0–80) 51.8�6.2 48.90�10.8

Feasibility

WOMAC–PN (0–20) 5.3�2.5 5.1�2.5

Pain intensity, surgical knee (0–10) 2.4�1.9 1.6�1.4

WOMAC–ST (0–8) 3.1�0.9 3.0�1.1

a When not otherwise stated, data represent mean�SD. FT�B group received functional training
supplemented with balance exercise program; FT group received functional training program only.
WOMAC–PN and WOMAC–ST�Western Ontario and McMaster Universities Osteoarthritis Index pain
and stiffness subscales, respectively. LEFS�Lower Extremity Functional Scale.
b Includes all types of physical therapy sessions (inpatient, outpatient, home care, and transitional
care).
c Number of health problems, including high blood pressure; stroke; diabetes; blood disorder; cancer;
depression; back pain; memory problems; hip fracture; and lung, stomach, kidney, liver, or heart
disease.
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outcomes (gait speed, chair rise time,
and single-leg stance time), pain, and
stiffness. Using an alpha level of .01
to account for 5 comparisons and a
2-sample t test to compare the groups,
88 participants per study arm will
provide: 96% power to detect a dif-
ference in gait speed of 0.10 m/s
(SD�0.155); 3% power to detect a
difference in chair rise time of 0.62
second (SD�6.28) (would need
2,400 participants per arm to have
80% power); 91% power for a differ-
ence in single-leg stance time in the
surgical side of 4.74 second (SD�
7.91); 80% power for a difference in
pain intensity of 1.1 second (SD�
2.02); and 98% power to detect a
difference in stiffness of 0.70 points
(SD�0.98). Thus, 88 participants per
study arm will allow differences in
self-selected gait speed, single-leg
stance balance, pain, and stiffness to
be detected, although the power will
be too low to detect differences in
chair rise time or patient-reported

physical function. Power was esti-
mated using the Sample Power 2.0
equation for 2 independent-samples
t test.

Discussion
This is the first study that demon-
strated the feasibility and potential
efficacy of combining FT with a bal-
ance exercise program in patients af-
ter TKA. The findings demonstrated
potential clinically important bene-
fits in walking speed, single-leg stance,
stiffness, and pain intensity. The lack
of adverse events, the high rate of ad-
herence during the supervised and
home programs, and the acceptable
attrition rate underscore the need for
further studies with larger samples
sizes and longer follow-ups to draw
more definitive conclusions about
whether the FT�B program should be
incorporated into clinical practice.

Although the pilot nature of the
study does not allow conclusions to

be drawn, the mean difference be-
tween groups in self-selected gait
speed at 6 months was 0.1 m/s (ap-
proximately 0.2 mph), which is con-
sidered substantial meaningful
change.42 The change observed in
self-selected gait speed in the FT�B
group was larger than the changes
reported in a meta-analysis that ex-
amined the effect of therapeutic ex-
ercise on changing self-selected gait
speed in community-dwelling older
adults.45 Results of the meta-analysis
indicated that traditional exercise
training resulted in an overall gait
speed change of 0.01 m/s, whereas
specific exercises, such as those of
high-intensity and high-dosage exer-
cise programs, yielded gait speed
changes on the magnitude of 0.02
m/s.45 With regard to the single-leg
stance test, participants in the FT�B
group could balance an average of 4
seconds longer than the baseline
measurement in each leg at the
6-month follow-up. The ability to bal-

Table 2.
Feasibility Variables: Within-Group Changes (Follow-up – Baseline) and Between-Group Changes (FT�B Group – FT Group) at 2
and 6 Months After Total Knee Arthroplastya

Variable

Baseline to
2-Month
Follow-up

Within-Group
Mean Change

Score (95% CI)

Baseline to
2-Month
Follow-up

Percentage
of Change

Baseline to
2-Month
Follow-up

Between-Group
Mean Change

Score (95% CI)

Baseline to
6-Month
Follow-up

Within-Group
Mean Change

Score (95% CI)

Baseline to
2-Month
Follow-up

Percentage
of Change

Baseline to
6-Month
Follow-up

Between-Group
Mean Change

Score (95% CI)

WOMAC–PN �0.2 (�1.6, 1.2) 0.0 (�1.8, 1.8)

FT�B group �1.6 (�0.5, �2.6) �30 �1.9 (�0.6, �3.3) �38

FT group �1.4 (�0.4, �2.3) �27 �1.9 (�0.6, �3.3) �39

Pain intensity, surgical knee �1.4 (�2.8, 0.04) �1.1 (�2.4, 0.3)

FT�B group �0.7 (�1.7, 0.3) �29 �1.1 (�0.2, �1.9) �42

FT group 0.6 (�0.4, 1.7) 38 0.0 (�1.1, 1.1) 0

Pain intensity, nonsurgical knee �0.2 (�1.2, 0.9)b

FT�B group 1.3�1.3c

FT group 1.5�1.8
c

WOMAC–ST �0.7 (�1.8, 0.2) �0.7 (�1.8, 0.4)

FT�B group �1.1 (�1.9, �0.4) �35 �1.1 (�1.8, �0.4) �35

FT group �0.4 (�1.0, 0.3) �13 �0.4 (�1.3, 0.5) �13

a FT�B group received functional training supplemented with balance exercise program; FT group received functional training program only. WOMAC–PN
and WOMAC–ST�Western Ontario and McMaster Universities Osteoarthritis Index pain and stiffness subscales, respectively. 95% CI�95% confidence
interval.
b Data are not between-group change; they are the difference in means at 6 months.
c Data are not within-group change; they are 6-month mean�SD.
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ance longer probably indicates im-
proved balance and more confi-
dence in the use of the surgical
lower extremity and may have im-
portant clinical implications. If bal-
ancing longer associates with longer
single-leg support time on the surgi-
cal side during gait, participation in
the FT�B program may help de-
crease the gait asymmetry commonly
reported after TKA,46 which ulti-
mately may help protect the other
weight-bearing joints.

To our knowledge, we delivered the
intervention later after surgery than
any other study. We enrolled partic-
ipants from 2 to 6 months after TKA.
Thus, the 6-week exercise program
was initiated from the 9th week after

TKA (for the participants enrolled 2
months after TKA) to the 23th week
after TKA (for the participants en-
rolled 6 months after TKA) and ter-
minated 6 weeks later (14–28 weeks
after TKA). Thus, an interesting ob-
servation of the pilot study was that
participants in the FT�B group con-
tinued to show improved functional
performance from the 2-month follow-
up to the 6-month follow-up (Fig. 2),
a period in which previous studies
have shown a plateau in functional
improvement.6,10,47,48 Mizner et al49

described that functional plateau
around 3 months after surgery. A
meta-analysis on the effectiveness of
exercise therapy after TKA con-
cluded that most improvements in
physical function take place within

3 to 4 months postoperatively.11

Kennedy et al48 reported that the
greatest improvement in functional
status occurred in the first 3 months
after TKA, some improvement oc-
curred at a lower rate from 3 to 6
months, and almost no improvement
occurred from 6 to 12 months. Thus,
in future trials, if the FT�B program
is demonstrated to be effective when
implemented several months after
surgery, a time when supervised ex-
ercises generally are no longer pre-
scribed, it may serve as the first step
to justify later implementation of ex-
ercise programs following TKA.

The results of this pilot work seem to
indicate that the patient-reported
measures of function (WOMAC-PF

Figure 2.
Lower-extremity functional status across time. Y axis represents outcome, and X axis represents time (1�baseline, 2�2-month
follow-up, and 3�6-month follow-up). Solid and dashed lines represent the participants who received functional training supple-
mented with balance exercise program (FT�B group) and the participants who received functional training program only (FT group),
respectively. WOMAC–PF�Western Ontario and McMaster Universities Osteoarthritis Index physical function subscale, LEFS�Lower
Extremity Functional Scale.
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and LEFS) do not capture the same in-
formation as the performance-based
measures. This observation seems to
support the use of performance-
based measures as primary outcome
measures in future trials and is in
agreement with previous literature
in TKA suggesting that performance-
based measures are more sensitive
to change50 and less influenced by
pain32 than self-reported measures.
Moreover, scores obtained with
patient-report and performance-based
measures seem particularly divergent
in patients with TKA.31,51 In a sample
of patients tested before and 8 weeks
after TKA, Parent and Moffet31 re-
ported that WOMAC-PF scores im-
proved after 8 weeks compared with
the preoperative values, whereas
performance-based scores became
worse. Another study showed that
within 16 days after TKA, WOMAC-
PF scores did not change, whereas
LEFS scores changed moderately (func-
tion worsened) and performance-
based scores markedly worsened.51

A limitation of our study is that we
cannot interpret the WOMAC-PN
and WOMAC-ST scores as represent-
ing symptoms specific to the surgi-
cal side. Because we did not ask
the participants to focus on a partic-
ular knee during completion of the
questionnaire, the WOMAC-PN and
WOMAC-ST scores may have been
influenced by their perception of
pain and stiffness in the nonsurgical
knee. Another limitation is not hav-
ing collected information about the
severity of osteoarthritis in the non-
surgical knee. In a future trial with a
larger sample size, we intend to col-
lect information specifically about
pain and stiffness in the nonsurgical
knee, as well as ascertain the degree
of nonsurgical knee osteoarthritis
using radiography,52 to account for
their potential effects on outcome.

Some of the methods tested during
the pilot work included feasibility
of recruitment and appropriateness

of inclusion and exclusion criteria.
Recruiting participants at least 2
months after TKA by mailing study
information was shown not to be
difficult. From the 250 individuals in-
formed about the study, 30% (76/
250) were willing to participate and
were assessed for eligibility, and
from this group, 56% (43/76) were
found to be eligible and were ran-
domly assigned to treatment groups.
In addition, because we enrolled an
average of 3 to 4 participants a
month while recruiting from a single
surgeon, it seems that timely recruit-
ment in a trial with a larger sample
can be achieved by extending re-
cruitment to several surgeons. We
noticed that the attrition rate could
have been minimized if we had had
more stringent exclusion criteria.
For example, if we had excluded in-
dividuals with musculoskeletal con-
ditions that affected lower-extremity
function and those who were unable
to bear weight on the surgical knee,
the participants who were lost to
follow-up due to spinal or hip sur-
gery or to malingering would not
have been included. In a future trial,
we plan to have more thorough ex-
clusion criteria to minimize attrition
even further.

A lesson learned during the imple-
mentation of the pilot study related
to the choice of the primary out-
come measure. When we originally
designed the pilot study, we planned
to use the Short Physical Perfor-
mance Battery (SPPB) as the primary
outcome measure. The SPPB has 3
components: self-selected gait speed
during a 4-m walk, the Five-Times-Sit-
to-Stand Test, and standing balance.
Each component is scored from 0 (not
able) to 4 (good function) and
summed for a total score ranging
from 0 to 12. The SPPB was chosen
due to its good validity as a measure
of lower-extremity function in older
adults.53,54 However, when testing
started, we observed a ceiling effect
in the SPPB scores. The first partici-

pants tested reached the maximum
score of 4 on gait speed (gait speed
of �0.83 m/s) and standing balance
(held a tandem stance for 10 sec-
onds). This observation made us
change the primary outcome mea-
sure. For gait speed and the Five-
Times-Sit-to-Stand Test, we avoided
a ceiling effect by recording the
scores for speed (in meters per sec-
ond) and time (in seconds) as con-
tinuous measures, rather than using
a score ranging from 0 to 4. The
tandem condition was replaced by a
more challenging test of balance: the
single-leg stance test.35 Therefore,
the use of the SPPB and its scoring
system does not seem appropriate
for patients after TKA due to its po-
tential ceiling effect (at the end of
the baseline testing, 94% of the par-
ticipants had a gait speed of �0.83
m/s, and 79% could hold the tandem
stance for 10 seconds).

In a future randomized trial, al-
though we plan to administer the
same 3 performance-based tests used
in the pilot study, self-selected gait
speed will be the primary outcome
measure. The rationale is that gait
speed has been shown to predict
functional decline, nursing home
placement, and mortality.33,55–58 Spe-
cifically, a decrease in gait speed of
0.1 m/s has been associated with a
10% decrease in the ability to per-
form instrumental activities of daily
living.59 In older adults, slowed gait
speed has been related to an in-
creased risk for falls.60–62 Combining
this information with the fact that a
change in self-selected gait speed of
0.1 m/s is considered substantial
meaningful change,42 in a future trial
we may want to dichotomize the
outcome measure to calculate the
proportion of participants in each
study arm who increase their gait
speed above 0.1 m/s. If we do so, the
sample size estimation also seems ad-
equate. Based on the pilot study re-
sults that 50% (9/18) of participants
in the FT�B group and 24% (4/17)
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of the participants in the FT group
increased their gait speed above
0.1 m/s, if we use a chi-square test
to compare proportions between
groups, having 88 participants per
study arm (��.01) will provide 81%
power to detect clinically important
between-group differences. Power
was estimated using the Sample
Power 2.0 equation to test propor-
tions for 2 independent samples (chi-
square test).

An additional concern with the sam-
ple size estimation is accounting for
the attrition rate. As we intend in a
future trial to determine the long-
term effectiveness of the FT�B pro-
gram (24-month follow-up), we will
need to estimate the long-term attri-
tion rate. As we anticipate �12% at-
trition at 6-month follow-up (lower
than the attrition observed in the pilot
work due to the more stringent exclu-
sion criteria planned for a future trial)
and we found patients with TKA to be
committed study participants, we ex-
pect attrition to be 20% at 24 months.
Consequently, we will need to ran-
domize 114 participants per study arm
to warrant 88 participants per group at
the end of the trial.

An additional limitation of this pilot
study is that, although we theorized
that the balance exercise program
would increase participants’ confi-
dence to safely engage in a more
physically active lifestyle, we did not
measure physical activity. Anecdotal
observation during trial implementa-
tion supports the need to measure
physical activity. We received thank-
you notes from 4 participants in this
study. Coincidently, all 4 individuals
participated in the FT�B group. The
common theme of these notes was
the patient’s report of being much
more active than prior to the exer-
cise program. Lastly, although the
performance-based tests used as the
primary outcome measure cover im-
portant domains such as walking
ability, balance, muscle power, and

movement control, they may not be
sufficiently sensitive to capture im-
provements due to challenging exer-
cises that target balance and move-
ment control. Future trials should
include performance tasks with
more skilled movement such as
walking over obstacles and changing
speeds and directions while walking.

Conclusions
The results of this pilot study indi-
cated that the FT�B program is safe,
is well tolerated, and has the poten-
tial to decrease functional limitations
in patients with TKA. In future trials,
we recommend that the exclusion
criteria be more stringent to mini-
mize attrition, that the signs and
symptoms of the nonsurgical lower
extremity be recorded and poten-
tially controlled in the analyses, and
that more challenging performance-
based tasks be included to capture
improvements in more skilled move-
ments. A randomized trial with a
larger sample size to test the effec-
tiveness of the FT�B program to re-
turn patients with TKA to higher lev-
els of physical function is warranted.
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Appendix.
Exercise Therapy Proceduresa

Supervised Exercise Program

Functional Training—Performed by Both Groups

Exercise Description Dose/Progressionb

Ankle ROM Patient in long-sitting position, performs ankle dorsiflexion and
plantar flexion.

Progress from 10 to 20
repetitions.

Knee ROM Patient in long-sitting position. Knee and hip of exercise leg flex as
far as possible by sliding the foot toward the pelvis. Extension is
done by sliding the foot back.

Posterior thigh and leg
stretch

Patient in supine position. With help of a belt, patient flexes exercise
hip as far as possible while keeping the knee in full extension and
the ankle in dorsiflexion.

Stretching is held for
30 seconds, 5
repetitions.

Knee extension
strengthening in
sitting position

Patient is seated on a chair with the knee flexed. Elastic band is
wrapped around patient’s ankle and leg of the chair. Patient
pushes against elastic band as vigorously as possible. Exercise is
performed from 90 degrees to 60 degrees or from 30 degrees to 0
degrees, depending on pain tolerance.

Each contraction is
held for 3 seconds.
Progress from 10 to
20 repetitions.

Knee extension
strengthening in
standing position

Patient is standing facing away from a door and resting the hands on
the back of a chair for support. The hip and knee of exercise limb
are slightly flexed, with one end of an elastic band secured to the
ankle and the other end secured in a door jam. Patient fully
extends the knee against the resistance of the elastic band as
vigorously as possible without pain.

Knee flexion
strengthening in
standing position

Patient is standing facing a door, with one end of an elastic band
secured to the ankle and the other end secured in a doorjamb.
Patient flexes knee against the resistance of the elastic band as
vigorously as possible without pain (up to 60° of flexion).

Hip abduction
strengthening

Patient is in side-lying position with the back against a wall and the
exercise hip up. Patient abducts the exercise hip �30 degrees (2
seconds to lift and 3 seconds to come down). The heel of the
exercise limb touches the wall throughout the exercise. Ankle cuff
weights are used for resistance.

Progress from 10 to 20
repetitions. Progress
cuff weights as
tolerated.

Get up from a chair
and sit back down

Patient is sitting in a chair with both feet flat on the floor and the
hips flexed to 90 degrees. Patient stands up and then sits back in
the chair (2 seconds to stand and 3 seconds to sit down). Patient
initially uses chair armrests for assistance.

Progress from 10 to 20
repetitions. Progress
by not using
armrest.

Bilateral knee flexion/
extension in
standing position

Patient is standing with feet together and hands holding on to a
handrail. Patient slowly squats down until the knees bend �90
degrees and then slowly returns to a standing position. Patient
starts exercise while bearing moderate body weight on handrail.

Progress from 10 to 20
repetitions. Progress
by only touching
handrail for balance.

Unilateral knee flexion/
extension in
standing position

Patient is standing over one foot and hands holding on to a handrail.
Patient will slowly squat down until the knee bends �90 degrees
and then slowly return to a standing position. Patient starts
exercise while bearing moderate body weight on handrail.

Ascend and descend
stairs

Patient climbs up and down a flight of stairs. Progress from 10 to 30
steps. Speed as
tolerated.

Stationary cycling or
treadmill walking

Patient selects stationary bicycle or treadmill walking. Activity is
performed from 50% to 75% of the patient’s predicted heart rate.
If patient has no preference, treadmill walking is the exercise of
choice. For stationary bicycle, the seat height is adjusted so that
the knee can fully extend on the down stroke of cycling.

Progress from 5 to 20
minutes. Speed as
tolerated.

(Continued)
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Appendix.
Continued

Balance Exercises—Performed Only by FT�B Group

Exercise Description Dose/Progressionb

Side stepping Patient steps sideways, moving right to left and then left to right.
Repeat 2 times in each direction. Progress by stepping over low
obstacles.

Course length
progressed from 10
to 20 ft.c Width and
speed of steps
progressed as
tolerated.

Braiding activities Patient alternates front and back crossover steps while moving
laterally (walking carioca). Repeat 2 times in each direction.

Tandem walk Patient tandem walks while alternating legs with each step. Repeat
2 times during forward ambulation and 2 times during backward
ambulation. Progress by stepping over low obstacles.

Cross-over steps Patient crosses one leg in front of the other leg, alternating legs with
each step to a maximum of �1-ft width. Repeat 2 times during
forward ambulation and 2 times during backward ambulation.

Shuttle walking Plastic pylon markers are placed at distances of 5, 10, and 15 ft.
Patient walks forward to first marker, then returns to start by
walking backward. Patient then walks forward to 10-ft marker,
then returns to 5-ft marker walking backward. Patient then walks
to 15-ft marker, returns to 10-ft marker walking backward, and
then finishes by walking to 15-ft marker. Repeat 2 times.

Speed progressed as
tolerated.

Multiple changes in
direction

Therapist directs the patient to either walk forward, backward,
sideways, or on diagonal by cueing patient with hand signals.
Changes in direction are cued randomly by the therapist. One
bout of �30 seconds.

Foam activity Patient stands on a soft foam surface with both feet on the ground.
Therapist attempts to perturb patient’s balance in random fashion.
One bout of �30 seconds.

Progress to single-leg
support or ball
catching while
standing on foam or
tilt board.Tilt board activity Patient stands on a tilt board with both feet on the board. The

therapist perturbs the tilt board in forward and backward and side-
to-side directions for approximately 30 seconds each.

Roller board and
platform
perturbations

Patient stands with one limb on a stationary platform and the other
leg on a roller board. Therapist perturbs roller board in multiple
directions, at random, and the patient attempts to resist the
perturbations. One bout of �30 seconds. May begin with patient
in a semi-seated position, with hips resting on plinth.

Activity progresses to
full standing
position.

Home Exercise Program

The home exercise program was essentially the same as the supervised exercise program, with some modifications
for the home. The modifications were as follows:

For the FT program: Stationary cycling or treadmill walking was replaced by walking outside.

For the FT�B program: Participants in the FT�B group performed all standard home program activities. In
addition, they performed all agility training, with the exception of the multiple changes in direction during walking
on therapist command activity. They also did not perform tilt board and roller board activities. Foam activity was
replaced by single-leg standing balance.

a FT�B group received functional training supplemented with balance exercise program; FT group received functional training program only. ROM�range
of motion.
b Exercises were progressed if patient did not experience increased pain, effusion, giving away, and decreases in ROM.
c 1 ft�0.3048 m.
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