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Background. Hip osteoarthritis (OA) is a common musculoskeletal condition
affecting older individuals. Clinical balance tests are frequently used to assess stand-
ing balance in these people. There is insufficient information regarding the reliability
of these tests.

Objective. The aim of this study was to estimate reliability and measurement error
of 4 common clinical standing balance tests in people with hip OA.

Design. A prospective study was conducted with repeated measures between 2
independent raters within 1 session and within 1 rater over a 1-week interval.

Methods. Thirty people with hip OA were evaluated. Reliability was estimated for
the Four-Square Step Test, Step Test, Functional Reach Test, and Timed Single-Leg
Stance Test using intraclass correlation coefficients (ICC [2,1]). Measurement error
was expressed as standard error of measurement and minimal detectable change.

Results. The Four-Square Step Test, Step Test, and Timed Single-Leg Stance Test
were sufficiently reliable between raters (ICC�.85–.94, lower 1-sided 95% confi-
dence interval [95% CI]�.71–.89), whereas the Step Test (standing on study limb)
and Timed Single-Leg Stance Test (standing on nonstudy limb) were sufficiently
reliable within a rater over a 1-week interval (ICC�.91, lower 1-sided 95% CI�.80–
.83). The Step Test (standing on study limb) and Timed Single-Leg Stance Test
(standing on nonstudy limb) achieved optimal levels of reliability (ICC �.90, lower
1-sided 95% CI �.70), with acceptable measurement error (�10%) for clinical out-
come measures. The Functional Reach Test was not sufficiently reliable. A ceiling
effect was detected for the Timed Single-Leg Stance Test.

Limitations. Reliability was assessed only between 2 raters during a single session
and within 1 rater over a 1-week interval, which limits generalizability.

Conclusions. The Step Test (standing on study limb) is recommended as a highly
reliable test with acceptable measurement error for assessing standing balance in
people with hip OA.
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Osteoarthritis (OA) is a com-
mon musculoskeletal condi-
tion affecting many individu-

als, especially older people. It
typically causes joint pain and a
decrease in physical function, thus
limiting individual participation in
society and leading to a reduction in
quality of life.1,2 In the United States,
it has been estimated that nearly 27
million adults aged 25 years and
older have symptoms and clinical
findings of OA.3 The hip is one of the
most common joints affected by OA.
Epidemiological studies show that
hip OA affects 7% to 25% of the pop-
ulation aged over 55 years, and this
prevalence is expected to increase
gradually as the whole population
ages.1,4

Standing balance is essential for
many daily activities such as lower
body dressing, ambulating, and
stair climbing. Control of balance
depends upon sensory input, central
processing of afferent input,
and coordinated neuromuscular
responses to ensure the center of
mass remains within the base of sup-
port when balance is challenged.5,6

A variety of symptoms and physical
impairments associated with hip OA,
including joint pain, muscle weak-
ness, joint stiffness, and sensory dys-
function, can affect balance.7–9 Not
surprisingly, impaired standing bal-
ance has been reported in people
with hip OA compared with age-
matched participants who were
healthy10–13 and is frequently
observed by clinicians treating peo-
ple with hip OA. Importantly,
impaired balance is recognized as a
risk factor for falls in the older pop-
ulation,14,15 and falls are frequently
reported in people with hip OA,16

with the majority of falls occurring
during ambulation and stair ascent
and descent. Thus, assessment of
standing balance is an integral com-
ponent of hip OA management.

Balance may be measured using com-
plex and sophisticated equipment,
such as force platforms or posturog-
raphy systems11,17,18; however, such
equipment is expensive and imprac-
tical for regular use in most clinical
settings and in many research set-
tings. For many clinicians and
researchers, simple clinical tests are
the most practical methods of mea-
suring standing balance in people
with hip OA.19,20 To ensure judicious
use of clinical standing balance tests,
it is essential to confirm that these
tests are reliable, as well as under-
stand the measurement error associ-
ated with their use, in the population
of interest.21 However, to date, there
is insufficient evidence regarding the
clinimetric properties of clinical
standing balance tests in people with
hip OA.22 Our recent systematic
review, which synthesized evidence
on clinimetric properties of
observer-rated impairment tests
(including balance tests) in people
with hip and groin problems,22 failed
to identify a single study investigat-
ing the reliability (or any clinimetric
property) of balance tests for hip
OA. This remarkable dearth of liter-
ature evaluating measurement prop-
erties of balance tests in people with
hip OA is concerning, given that
such tests are frequently used in the
clinical setting and to assess treat-
ment outcomes in clinical
trials.20,23,24

The primary aim of this study was to
estimate the reliability of 4 common
clinical balance tests in people with
hip OA: Four-Square Step Test, Step
Test, Functional Reach Test (FRT),
and Timed Single-Leg Stance Test. A
secondary aim was to estimate the
amount of measurement error asso-
ciated with each test.

Method
In this study, between-rater reliabil-
ity refers to repeated measures
between 2 independent raters
within a session, and within-rater

reliability refers to repeated mea-
sures by a rater over a 1-week inter-
val. As such, both designs also
include an element of test-retest
reliability.

Participants
Volunteers were sourced from a
database of research volunteers from
the community maintained by the
Centre for Health, Exercise and
Sports Medicine, Department of
Physiotherapy, The University of
Melbourne. To be eligible, partici-
pants were required to fulfill the fol-
lowing inclusion criteria based on
clinical diagnostic criteria for hip OA
established by the American College
of Rheumatology25: (1) age �50
years; (2) hip pain on most days of
the previous month; and (3) at least
one of the following radiological or
clinical presentations: presence of
joint space narrowing and osteo-
phytes on hip radiographs taken in
the previous year, hip internal rota-
tion of �15 degrees and hip flexion
of �115 degrees, and hip internal
rotation of �15 degrees in the pres-
ence of pain and morning stiffness of
the hip for �60 minutes. Partici-
pants also were required to be able
to ambulate independently in the
community and read and follow
instructions in English. Participants
were not eligible if they: (1) had pre-
vious hip or knee joint replacement;
(2) had any hip surgery in the previ-
ous 6 months; (3) had other muscu-
lar, joint, or neurological conditions
causing pain and dysfunction of
lower limbs; or (4) used any form of
walking aid. All participants pro-
vided written informed consent.

Procedure
Participants were tested on 2 occa-
sions (approximately 1 week apart).
At the first test session, participants
performed the balance tests with 2
independent raters (rater A and rater
B) to examine between-rater reliabil-
ity. The testing order of both the
raters and the balance tests was ran-
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domized using a computerized ran-
dom number generator. Participants
were given 5 minutes’ rest between
each rater’s independent assess-
ments. At the second test session,
participants repeated the balance
tests with the more experienced
rater A (who was blinded to the
results from session 1) to examine
within-rater reliability. A 1-week test
interval was used to provide suffi-
cient time to limit recall of test
scores, but it was short enough to
limit potential real change in clinical
status. At session 2, participants
completed a self-report global rating
of change. This measure was used as
a reference standard for stability and
determined whether any substantial
change in the participant’s hip con-
dition had occurred between test
sessions.

Assessment of hip OA symptoms.
As both lower limbs were assessed
during the balance testing, the most
painful hip was defined as the study
limb, and the least painful (for bilat-
eral disease) or nonpainful hip was
defined as the nonstudy limb. A
visual analog scale (VAS) was used to
assess the average level of hip pain
over the previous week. Participants
were asked to mark an “X” on a
100-mm line, anchored with “no
pain” on the left and “worst pain
possible” on the right. The distance
(in millimeters) from the left anchor
to the X mark was then measured,
with higher VAS scores indicating
more severe pain.26 The VAS has
demonstrated reliability in people
with OA.27

The Hip Dysfunction and Osteoar-
thritis Outcome Score (HOOS) was
used to assess patient-reported
symptoms and disability related to
hip OA.28 It consists of 40 items over
5 subscales: pain (10 items), other
symptoms (5 items), function in
daily living (17 items), function in
sports and recreation (4 items), and
hip-related quality of life (4

items).29,30 All items are answered on
a 5-point Likert scale, and a total
score is calculated, ranging from 0
(“no disability”) to 100 (“extreme
disability”).29,30 The HOOS has dem-
onstrated reliability in people with
hip OA.30

A global change scale (GCS) was
used to assess self-reported change
in hip pain and physical function
across the 2 testing sessions. The
GCS was measured on a 5-point
adjectival scale (“much worse,”
“slightly worse,” “no change,”
“slightly better,” and “much better”).
Participants who recorded “much
better” or “much worse” were
excluded from the within-rater anal-
yses. Some studies have previously
used these scales to determine
changes in participants’ conditions,
where “minimal or slight changes”
were defined as nonmeaningful
change.31–33 The GCS has been
shown to be highly reliable in
people with musculoskeletal
dysfunction.34,35

Assessment of balance. Partici-
pants were tested barefooted on
each of the 4 clinical balance tests.

In the Four-Square Step Test,36 4
walking sticks were placed on the
floor at right angles with handles out-
ward to form 4 squares. Participants
started in square 1, facing square 2,
and remained facing this direction
for the duration of the test. Partici-
pants then stepped forward with
both feet as quickly as possible into
square 2, then sideways to the right
into square 3, then backward into
square 4, and finally sideways to the
left back into square 1. They then
reversed the sequence back to the
starting position. A demonstration
was provided, and an initial practice
was performed, immediately fol-
lowed by 2 test trials. According to
original published instructions for
the test, the faster of the 2 trials was

recorded to the nearest 10th of a
second.

For the Step Test,37 a 15-cm height
step was used with a 5-cm-wide card-
board template positioned on the
floor along the edge of the step to
provide a standardized starting posi-
tion. The test was performed stand-
ing on the study leg the entire time,
while the other leg was moved back
and forth from the step to the floor
(eg, the stepping foot was placed flat
up onto the step, then back down
flat onto the ground) as many times
as possible in 15 seconds without
overbalancing (moving the stance
leg from the start position). A dem-
onstration was provided, and 3 or 4
practice steps were performed,
immediately followed by 1 test trial
standing on each leg. The number of
whole steps (up and back down to a
flat position on the floor) performed
in 15 seconds was recorded for each
standing leg. If participants overbal-
anced, the test was concluded, and
the number of completed steps and
the time taken were recorded.

The FRT consisted of 2 types of tests:
(1) forward reach and (2) lateral
reach. In the forward reach test,38

participants started in a normal
relaxed stance with their dominant
arm facing side-on, but not touching,
a wall. A leveled measuring tape was
then mounted on the wall at the
acromion height. Participants made
a fist with the dominant hand and
elevated the arm to 90 degrees (ie,
shoulder level). The position of the
third knuckle (metacarpophalangeal
joint) along the tape was recorded as
the starting point. Keeping the con-
tralateral arm by the side and both
heels on the floor, participants
reached as far forward as possible to
maintain a maximal reach position
for 3 seconds without losing balance
(such as taking a step, leaning on the
wall, or needing to be assisted by the
rater). The final reach position of the
third knuckle along the tape was
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recorded as the finishing point. A
demonstration was provided, imme-
diately followed by 3 test trials.
According to original published
instructions for the test, the mean
difference between the starting and
finishing points across the 3 trials
was recorded to the nearest millime-
ter as the test score.

In the lateral reach test,39 partici-
pants started in a normal relaxed
stance with their back facing, but
not touching, a wall. A leveled mea-
suring tape was then mounted on
the wall at the acromion height. Par-
ticipants abducted 1 arm to 90
degrees (ie, shoulder level) with all
fingers extended. The position of the
tip of the third finger along the tape
was recorded as the starting point.
Keeping the contralateral arm by the
side and both heels on the floor, par-
ticipants reached as far sideways as
possible to maintain a maximal reach
position for 3 seconds without losing
their balance, taking a step, or lean-
ing on the wall. Knee flexion and
trunk flexion and rotation were not
permitted. Participants were
instructed not to bend at the knees
or at the trunk. If bending at the
knees or trunk occurred during test-
ing, the test was stopped immedi-
ately and corrected. A re-trial was
then conducted. The final position of
the tips of the third fingers along the
tape was recorded as the finishing
point. A demonstration was pro-
vided, immediately followed by 3
test trials on each side. The mean
difference between the starting and
finishing points across the trials for
each side was recorded to the near-
est millimeter as the test score. A
reach in the direction of the study
hip was defined as the ipsilateral
reach, and a reach away from the
study hip was defined as the con-
tralateral reach.

Participants started the Timed Single-
Leg Stance Test40 with their hands
on their hips and stood on 1 leg for

as long as possible up to a maximum
of 30 seconds. The nonstance hip
remained in a neutral position with
the knee flexed so that the foot was
positioned behind and was not per-
mitted to touch the stance leg. Par-
ticipants were encouraged to look at
a nonmoving target 1 to 3 m ahead.
The test was stopped if participants
moved their hands off their hips,
touched the nonstance foot down on
the floor, or touched the stance leg
with the nonstance leg. A demonstra-
tion was provided, followed immedi-
ately by 2 test trials on each leg
(based on original published instruc-
tions). The longest time, up to a max-
imum of 30 seconds, of the 2 trials
on each leg was recorded to the
nearest 10th of a second as the test
score for each leg.

Data Analysis
Data analyses were performed using
the IBM SPSS 21 statistical package
for Windows (IBM Corp, Armonk,
New York). Data were checked for
normality and for systematic differ-
ences between test sessions.
Descriptive analyses were con-
ducted across raters and sessions,
including means, standard devia-
tions, and ranges of scores. Percent-
ages of maximal scores (ceiling
effects) also were calculated for the
Timed Single-Leg Stance Test
because the score for this test is
capped at 30 seconds.

Within-rater and between-rater reli-
ability were each calculated using
intraclass correlation coefficients
(ICC [2,1]) with 95% confidence
intervals (95% CIs) for a 2-way ran-
dom effects model and absolute
agreement. Interpretation of ICC val-
ues was based on published recom-
mendations,21 where values higher
than .75 indicate sufficient reliability
and values higher than .90 indicate
optimal reliability.21,41 Furthermore,
95% CI values were inspected to
ensure that lower 1-sided 95% CI val-
ues met a recommended minimum

acceptable level, which was set at
.70.41–43

Measurement error was expressed as
the standard error of measurement
(SEM) and minimal detectable
change (MDC). The SEM was calcu-
lated as the square root of the mean
square error term from the analysis
of variance. The MDC at the 90%
confidence level (MDC90) was cal-
culated as SEM � 1.65 (z score of
90% interval) � �2. For both the
SEM and MDC90, 95% CIs were cal-
culated according to recommended
methods.44

As the units of measurement for the
4 balance tests varied, SEM and
MDC90 also were expressed as SEM
percentage (SEM%) and MDC per-
centage (MDC%) to assist with inter-
pretation of the results. These values
were defined as the SEM and MDC
divided by the mean of all testing
scores on the 2 test sessions and
were calculated as SEM% � (SEM/
mean) � 100 and MDC% � (MDC90/
mean) � 100.42,45,46

Sample Size
Sample size calculations were based
on a priori set levels of optimal and
minimal acceptable limits of reliabil-
ity for clinical measurement. As
such, a minimum of 19 participants
were required to achieve an optimal
ICC of .90 and a minimal acceptable
lower 1-sided 95% CI of .70 at a
power of 80%.47 In this study, 30
participants were recruited to allow
for any potential dropouts and the
exclusion of data from participants
who reported a meaningful change
in their condition across sessions.

Results
Thirty people with hip OA (18
female [60%], 12 male [40%]; mean
age�63.3 years, SD�5.71, range�
50–75) participated. Descriptive
characteristics of the participants are
summarized in Table 1. In this
cohort of participants, there were
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more women than men, and most of
the participants were overweight
(body mass index �25 kg/m2). One-
third reported bilateral symptoms.
Most had not sustained a fall in the
previous 12 months. In addition,
most participants reported a moder-
ate level of hip pain and disability
according to VAS and HOOS scores.

Within-rater reliability was based on
data from 27 participants, as 2 par-
ticipants were unable to return for
session 2 and a further participant
reported substantial change in hip
pain (“much worse”) at session 2 and
was excluded from further analysis.
The within-rater reliability test inter-
val was 7 days for most participants

(25/27) and was 6 days and 8 days
for the remaining 2 participants.
There was no missing data, and no
adverse events occurred at any test-
ing occasion. The majority of data
were normally distributed. There
were systematic differences for the
Four-Square Step Test and Step Test
within rater A over the 1-week inter-
val and for the forward reach part of
the FRT between raters A and B
within the single session (P�.05).

Between-Rater Reliability on
2 Test Occasions Within a
Single Session
Balance test scores between raters
for all 30 participants at session 1,
along with the percentages of maxi-
mal scores for the Timed Single-Leg
Stance Test and ICCs, are presented
in Table 2. The Four-Square Step
Test, Step Test, and Timed Single-Leg
Stance Test were sufficiently reliable
between raters (ICC�.85–.94, lower
1-sided 95% CI�.71–.89). Further
inspection of the point estimates and
confidence limits demonstrated that
the Step Test (study limb) and the
Timed Single-Leg Stance Test also
met the optimal level of reliability
(ICC �.90, lower 1-sided 95% CI
�.70).

Within-Rater Reliability of
Repeated Measures Over a
1-Week Interval
Balance test scores for 27 partici-
pants assessed by rater A during ses-
sion 1 and session 2, along with the
percentages of maximal scores for
the Timed Single-Leg Stance Test and
ICCs, are presented in Table 3. The
Step Test (study limb) and Timed
Single-Leg Stance Test (nonstudy
limb) were sufficiently reliable
within 1 rater over a 1-week interval
and met the optimal levels of reliabil-
ity (ICC�.91, lower 1-sided 95%
CI�.80–.83).

Ceiling and Floor Effects
Inspection of minimum and maxi-
mum scores (Tabs. 2 and 3) showed

a consistent ceiling effect for the
Timed Single-Leg Stance Test.
Approximately half of the partici-
pants (44%–57%) were able to per-
form the Timed Single-Leg Stance
Test with maximal holding of 30 sec-
onds at each test occasion.

Measurement Error
The SEM, SEM%, MDC90, and MDC%
between raters at session 1 and
within 1 rater over a 1-week interval
are provided in Tables 2 and 3,
respectively. The SEM of the tests
between raters varied between 7.4%
and 16.1% of the test score, whereas
it varied between 9.0% and 21.2% of
the test score when repeatedly mea-
sured by 1 rater over a 1-week inter-
val. The Step Test (study limb) and
Four-Square Step Test had suffi-
ciently low measurement error
(�10% of the test score) for both
situations, whereas the Timed Single-
Leg Stance Test showed the largest
measurement error (�14%) in both
situations.

Discussion
In this study, we aimed to estimate
the reliability and measurement
error associated with 4 clinical stand-
ing balance tests in a cohort of peo-
ple with symptomatic hip OA. We
found that the Four-Square Step Test,
Step Test, and Timed Single-Leg
Stance Test were sufficiently reliable
between raters within a session,
whereas the Step Test (study limb)
and Timed Single-Leg Stance Test
(nonstudy limb) were sufficiently
reliable within 1 rater over a 1-week
interval. The Step Test (study limb)
and Timed Single-Leg Stance Test
(nonstudy limb) achieved optimal
levels of reliability in both situations,
but only the Step Test (study limb)
also had sufficiently low measure-
ment error to be confident of a mea-
sured value in the clinical situation.
In view of the larger amount of mea-
surement error and our observed
ceiling effect for the Timed Single-
Leg Stance Test, this test may be a

Table 1.
Participant Characteristics (N�30)a

Characteristic Data

Age (y) 63.3 (5.71)

Sex, n (%)

Female 18 (60)

Male 12 (40)

BMI (kg/m2) 26.8 (3.9)

Duration of symptoms (y) 5.9 (8.1)

Right-sided study limb,
n (%)

17 (56.7)

Right leg dominant,
n (%)b

26 (86.7)

Bilateral symptoms,
n (%)

10 (33.3)

History of falls, n (%) 6 (20.0)

Frequency of falls (n)c 3.0 (2.1)

Test-retest interval (d) 7.0 (0.3)

Hip pain (VAS) (mm) 40.9 (18.7)

HOOS

Pain 63.2 (13.1)

Other symptoms 65.5 (12.0)

Activities of daily living 67.0 (13.4)

Sports 53.8 (17.9)

Quality of life 50.6 (14.7)

a Data are presented as mean (SD), unless
otherwise indicated. BMI�body mass index,
VAS�visual analog scale, HOOS�Hip Dysfunction
and Osteoarthritis Outcome Score.
b Self-reported leg used to kick a ball.
c Number of falls sustained in the previous 12
months for participants with history of falls.
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less useful measure of standing bal-
ance for people with hip OA, despite
being a reliable test. Furthermore,
the FRT subtests were not suffi-
ciently reliable either between or
within raters, and the larger amount
of measurement error associated
with these tests limits the confi-
dence in a measured value and the
usefulness of these tests in the clini-
cal setting. Thus, our findings sug-
gest that the Step Test (standing on
most affected limb) is the most use-
ful clinical test of standing balance in
hip OA, as it is highly reliable with
sufficiently low measurement error.

Due to the paucity of earlier research
in this area, and because this is the
first study, to our knowledge, to esti-
mate reliability of balance tests in hip
OA, it is difficult to discuss our find-
ings in relation to previous research.
However, our findings are generally
in agreement with those of a study
that evaluated the reliability of bal-
ance measurements in patients with
hip fracture.48 In that study, Sher-
rington and Lord48 found good test-
retest reliability for the Step Test,
with similar levels of reliability
(ICC�.85–.92) and lower 95% CI val-
ues (.71–.83) compared with those
found in the current study. In con-
trast, our findings are quite different
from those of an earlier study that
evaluated interrater reliability of a
battery of tests, including the Timed
Single-Leg Stance Test, in patients
following surgically fixed hip frac-
tures.49 In that study, the Timed
Single-Leg Stance Test was one of
the least reliable tests, and reliability
estimates were much lower (kap-
pa�.14–.63) than those found in the
current study. To our knowledge, no
reliability estimates for the FRT or
the Four-Square Step Test in a com-
parable group have been conducted.

Measurement errors associated with
the 4 balance tests, which have not
previously been reported, also were
estimated in the current study. This Ta
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information assists with the interpre-
tation of and confidence in an
obtained measure. For a measure to
be clinically useful, it must have a
sufficiently high ICC and sufficiently
low SEM. We also calculated the
SEM% and MDC% so that tests could
be compared, given that the units
of measurement varied across the
tests. In the current study, the Step
Test and Four-Square Step Test
were found to have lower SEM% and
MDC% values than the FRT and
Timed Single-Leg Stance Test. This
finding means that, compared with
the FRT and Timed Single-Leg Stance
Test, smaller amounts of change
are required on the Step Test and
Four-Square Step Test to be confi-
dent that a real change in balance
has occurred. To be confident of
real change in balance when apply-
ing these tests in individuals with
hip OA, clinicians and researchers
should aim to see a change of 3
steps on the Step Test (standing on
the affected side), 2 seconds on the
Four-Square Step Test, 9.9 cm on the
forward reach component of the
FRT, (5.0 and 5.2 cm for ipsilateral
and contralateral functional reach,
respectively), and 10.8 seconds on
the Timed Single-Leg Stance Test.

Our study had a number of strengths,
including the robust sample size that
was adequately powered to detect
our a priori optimal level of reliabil-
ity, inclusion of a range of commonly
used clinical balance tests, and
exclusion of participants with a
change in clinical state from the
within-rater analysis. Importantly,
we also determined the measure-
ment error associated with the bal-
ance tests, which will enable clini-
cians and researchers to interpret
change in balance scores across time
with respect to real change.

There were some limitations to the
current study. Given a participant’s
global rating of change and balance
performance may not be indepen-Ta
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dent, and thus the potential for cor-
related error, it is possible our esti-
mates of reliability were inflated
somewhat. Results might have been
different if participants with a
change in their clinical condition
were included in the analyses. As
both our between-rater and within-
rater analyses also included a compo-
nent of test-retest reliability, the addi-
tional source of error resulting from
potential differences in participants’
performance across the repeated
measures may have increased the
measurement error estimates for
these clinical tests. Indeed, as sys-
tematic differences for the Four-
Square Step Test and Step Test were
found over the 1-week interval, it is
possible these errors were not only
due to rater error but also represent
altered performance by the partici-
pant between sessions.

Only 2 raters were used for evaluat-
ing between-rater reliability, which
may limit the generalizability of our
findings to a wider pool of raters
with different abilities and clinical
backgrounds. However, we did
choose raters from different profes-
sional backgrounds (rater A was a
clinical physical therapist, and rater
B was a researcher with a human
movement science background) and
with different levels of experience
in assessing older patients with
pathology, which helps to increase
the generalizability of our findings.
Additionally, only 1 rater was used
for evaluating within-rater reliability.
Although this rater was a physical
therapist, and thus improves the
generalizability of the findings to
clinicians, inclusion of additional
raters would have strengthened the
study. Although our cohort of par-
ticipants with hip OA were all com-
munity recruits, representing at
most a moderate level of disease
severity based on symptomatic data,
it is not clear whether the present
findings apply to participants who
are not community-dwelling or to

patients with end-stage disease
awaiting arthroplasty.

Future research is needed to provide
comprehensive data about the clini-
metric properties for clinical balance
tests in people with hip OA. In par-
ticular, evaluations of the validity
and responsiveness of these tests are
needed. Information about the mini-
mal clinically important difference is
needed so that researchers and clini-
cians can determine what amount of
change in the balance tests is
required with interventions in order
to achieve meaningful clinical
improvements in health status for
the patient. Although we have deter-
mined the MDC, which tells clini-
cians and researchers the amount of
change needed to be sure of a real
change beyond that associated with
measurement error, it is not neces-
sarily the same as the minimal clini-
cally important difference. Although
a third of our participants in this
study had bilateral hip OA, a sub-
group analysis of these participants
was not performed because the
study was not powered sufficiently
for such an analysis. However, as
two-thirds (n�20) of the partici-
pants had unilateral hip OA, a post
hoc subanalysis with sufficient
power revealed that reliability esti-
mates for unilateral hip OA were
approximately the same as those for
the entire sample. Furthermore,
interpretation of these values based
on a priori criteria was no different
from the interpretation of the values
of the group as a whole. As estimates
may differ for those with bilateral
disease, we recommend that future
research is needed to examine the
reliability of balance tests within this
subgroup.

In conclusion, this study provides
estimates of reliability and measure-
ment error of 4 clinical standing bal-
ance tests in a cohort of 30 partici-
pants with hip OA. Only the Step
Test (standing on the affected side)

and the Timed Single-Leg Stance Test
demonstrated optimal levels of reli-
ability for clinical measurement
tests. When measurement error and
ceiling effects also are considered,
our data suggest the Step Test (stand-
ing on the affected side) is the most
useful clinical measure of standing
balance for people with hip OA. Fur-
ther research is needed to determine
the responsiveness and, in particu-
lar, the minimal clinically important
difference, for these tests.
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