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Objective: To estimate the reliability and measurement error of performance-based tests of physical
function recommended by the Osteoarthritis Research Society International (OARSI) in people with hip
and/or knee osteoarthritis (OA).
Design: Prospective repeated measures between independent raters within a session and within-rater
over a week interval. Relative reliability was estimated for 51 people with hip and/or knee OA (mean
age 64.5 years, standard deviation (SD) 6.21 years; 47% females; 36 (70%) primary knee OA) on the 30s
Chair Stand Test (30sCST), 40m Fast-Paced Walk Test (40mFPWT), 11-Stair Climb Test (11-step SCT),
Timed Up and Go (TUG), Six-Minute Walk Test (6MWT), 10m Fast-Paced Walk Test (10mFPWT) and 20s
Stair Climb Test (20sSCT) using intra-class correlation coefﬁcients (ICC). Absolute reliability was calculated using standard error of measurement (SEM) and minimal detectable change (MDC).
Results: Measurement error was acceptable (SEM < 10%) for all tests. Between-rater reliability was:
optimal (ICC > 0.9, lower 1-sided 95% CI > 0.7) for the 40mFPWT, 6MWT and 10mFPWT; sufﬁcient (ICC
>0.8, lower 1-sided 95% CI > 0.7) for 30sCST, 20sSCT; unacceptable (lower 1-side 95% CI < 0.7) for 11-step
SCT and TUG. Within-rater reliability was optimal for 40mFPWT, and 6MWT; sufﬁcient for 30sCST and
10mFPWT and unacceptable for 11-step SCT, TUG and 20sSCT.
Conclusions: The 30sCST, 40mFPWT, 6MWT and 10mFPWT, demonstrated, at minimum, acceptable
levels of both between and within-rater reliability and measurement error. All tests demonstrated sufﬁciently small measurement error indicating they are adequate for measuring change over time in individuals with knee/hip OA.
© 2017 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
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Introduction
Feasible, reliable and valid measurement of treatment outcomes is critical to both research and clinical practice1. The
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Osteoarthritis Research Society International (OARSI) recommends a set of performance-based measures of physical function
representing typical activities relevant to individuals diagnosed
with hip or knee OA2,3. These tests are the 30-s Chair Stand Test
(30sCST), 40m Fast-paced Walk Test (40mFPWT), a Stair Climb
Test (SCT), Timed up and Go Test (TUG) and six-minute Walk Test
(6MWT). In consideration of some limitations related to the
complexity of the 40mFPWT and scoring of the 11-step SCT, a
modiﬁed short distance walking test, 10m Fast-paced Walk Test
(10mFPWT) and a time-based SCT, 20-second Stair Climb Test
(20sSCT) were suggested as alternate tests to overcome limitations associated with existing tests2.
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For a measure to be useful it must demonstrate sufﬁcient relative and absolute reliability4. Relative reliability refers to the degree
to which a measurement is free from error and remains consistent
when measured repeatedly5. Absolute reliability refers to the systematic and random error of a measurement that is not attributable
to true changes expressed as measurement error5. Although reliability estimates for different populations are available for some
OARSI recommended tests6,7, comprehensive OA-speciﬁc reliability
estimates for all ﬁve tests is limited. This study estimates the
relative reliability and absolute measurement error of the OARSI
recommended tests together with two other clinically-relevant
complementary performance-based tests in people with hip and/
or knee OA.
Methods
This prospective reliability study received University human
research ethics approval (HECS 123908). All participants provided
written informed consent. In this study, “between-rater reliability”
refers to repeated measures between independent raters within
one session, whilst “within-rater reliability” refers to repeated
measures by one rater over a week interval. Both designs incorporate test-retest reliability.
Participants
Participants were sourced from a research database of community volunteers. To be eligible, participants were required to: (1)
be age > 40 years; (2) have hip or knee pain on most of days of the
past month; (3) be able to ambulate independently in the community; and (4) be able to read and follow instructions in English.
Participants were also required to fulﬁl clinical diagnostic criteria
for knee or hip OA, established by the American College of Rheumatology8,9. Participants were not eligible if they had: (1) previous
hip or knee joint replacement; (2) hip or knee surgery in the past
6 months; and/or (3) neurological disorders which may interfere
with walking and balance.
Procedures
Participants were tested at two separate testing sessions
approximately 1 week apart. In session 1, participants performed
seven performance-based tests with two independent raters to
examine the reliability between raters within a test session. One
rater (Rater A) was a research physiotherapist with 12-years clinical
experience who tested all participants. To increase the generalisability of our ﬁndings, Rater B was formed from a pool of three
raters, two ﬁnal-year graduate physiotherapy students and one
physician with 1-year clinical experience, each who tested a sub-set
of >15 participants each. All raters received a half-day training
session on the study protocol and how to administer the tests. The
initial testing order of the tests and rater were both randomised,
and then repeated in the same order with the alternate rater with
5 min rest between each rater's assessments. Baseline demographics, an 11-point Pain Numeric Rating Scale (NRS) to assess
the average level of knee/hip pain experienced over the past week
and, as appropriate, the Knee injury and Osteoarthritis Outcome
Score10, or the Hip disability and Osteoarthritis Outcome Score to
assess patient-reported symptoms and disability related to knee or
hip OA11 were collected.
In session 2, participants repeated the performance tests in the
same order as the ﬁrst test occasion with Rater A (blinded to previous results). Participants completed a self-reported global change
scale (GCS) and only those reporting no or slight change (from a
ﬁve-point scale: much worse, slightly worse, no change, slightly
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better and much better) were retested and analysed to ensure their
condition was stable over the week. A 1-week interval between test
sessions limited rater recall of test scores and the potential for real
change in clinical status.
A description of each of the OARSI recommended performancebased test (30sCST, 40mFPWT, SCT, TUG and 6MWT) including set
up, equipment, preparation (environment, participant, and tester),
procedures, verbal instructions and scoring are available on the
OARSI website: http://oarsi.org/research/physical-performancemeasures. This resource was used to familiarise Raters on the test
administration and the lead author (FD) instructed Raters on the
administration of the 10mFPWT and 20sSCT. An 11-step SCT was
conducted for this study. The 10mFPWT was performed using a
straight 10 m pathway where participants were timed walking as
quickly as possible, without running. The 20sSCT, was performed by
ascending and descending an 11-step ﬂight of stairs as quickly and
safely as possible in 20 s. A supervised practice trial was conducted
to check safety and understanding for both tests.
Data analysis
SPSS (version 22, SPSS Chicago, IL USA) was used to perform
statistical analyses. Data were checked for normality. Descriptive
analyses were performed and the frequencies of minimum and
maximum scores were reviewed to investigate ceiling or ﬂoor
effects.
Relative within-rater reliability was calculated using intra-class
correlation coefﬁcients (ICC2,1) with 95% conﬁdence intervals (CI)
for a two-way random effects model and absolute agreement.
Relative between-rater reliability was calculated using ICC1,1 with
95% CI for a one-way random effects model as only one rater (Rater
A) assessed all participants in the ﬁrst session, whilst Rater B was
from a pool of three raters, who each assessed a sub-set of participants in session 1. Interpretation of ICC values was based on single
measures and inspection of the lower one-sided 95% CI set at a
minimum acceptable level of 0.70. Pre-set point estimates ICC
values of 0.8 or more indicated sufﬁcient reliability and values 0.90
or more indicated optimal reliability1,4. Absolute reliability (measurement error) was expressed as the standard error of measurement (SEM), calculated as the square root of the mean square error
term from the ANOVA. To quantify the inherent variability in 90% of
unchanged participants, the MDC90 was estimated, calculated as
SEM  1.65 (z score of 90 % interval)  √2. As such, changes greater
than the minimal detectable change (MDC) were interpreted as
true change. A 95% CI for the SEM was calculated according to
recommended methods12. As the units of measurement varied,
SEM percentage (SEM%) and MDC90 percentage (MDC90%) were
calculated as to SEM% ¼ (SEM/mean)  100 and MDC% ¼ (MDC90/
mean)  100. A SEM% 10% was accepted as an acceptably small
measurement error13.
Sample size
Sample size calculations were based on a priori set levels of
sufﬁcient and minimal acceptable limits of reliability for clinical
measurement. A minimum of 50 participants were required to estimate a sufﬁcient ICC of 0.80 and a minimal acceptable lower onesided 95% conﬁdence limit of 0.705.
Results
Participant characteristics are presented in Table I. Interpretation was based on normally distributed data. No ceiling or ﬂoor
effects were detected for any physical function test at any test
occasion. Eight participants were excluded (n ¼ 3 unwell and
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Table I
Participant characteristics presented as mean (SD), minemax, unless otherwise
stated
Characteristic

N ¼ 51

Age, years
Female gender, n (%)
Height, m
Body mass, kg
BMI, kg/m2
Duration of symptoms, years
*
Primary hip OA involvement, n (%)
*
Primary knee OA involvement, n (%)
y
Unilateral OA, (%)
y
Bilateral OA, n (%)
z
NRS pain, (0e10)
xKOOS score, (0e100) [n ¼ 36]
Pain
Symptoms
ADL
Sport
QOL
xHOOS score, (0e100) [n ¼ 15]
Pain
Symptoms
ADL
Sport
QOL

64.5 (6.2), 51e81
24 (47)
1.72 (0.09), 1.55e1.89
84.47 (17.74), 48.0e119.0
28.54 (4.84), 19.83e38.51
6.9 (5.8), 1e36
15 (30)
36 (70)
19 (37)
32 (63)
5.3 (1.8), 1-9
58.6
55.0
67.6
33.3
42.7

(11.6),
(15.4),
(13.9),
(18.2),
(12.2),

36.1e86.1
14.3e92.9
23.5e92.6
0.0e80.0
18.8e68.8

57.2
59.3
61.1
47.9
49.2

(11.7),
(14.1),
(11.7),
(17.3),
(13.3),

35.0e80.0
35.0e80.0
39.7e77.9
6.3e75.0
25.0e68.8

BMI ¼ body mass index, HOOS ¼ hip dysfunction and osteoarthritis outcome score,
KOOS ¼ knee dysfunction and osteoarthritis outcome score, QOL ¼ Quality of Life,
ADL ¼ Activities of daily living.
*
Primary refers to most symptomatic joint in case of OA in more than one joint
type.
y
Refers to hip and knee OA.
z
0 ¼ no pain, 10 ¼ worst possible pain.
x
0 ¼ extreme problems, 100 ¼ no problems.

unable for session 2; n ¼ 2 moderately better; n ¼ 2 moderately
worse; n ¼ 1 much worse). Data for between-rater reliability within
a single session and within-rater reliability of repeated measures
over a 1-week interval are presented in Table II. Results remained
largely unchanged when including all 59 participants in the
between-rater analyses, suggesting that the excluded participants
did not inﬂuence between-rater reliability appreciably.
Between-rater reliability within a single session
In terms of relative between-rater reliability, the 40mFPWT,
6MWT, and 10mFPWT achieved optimal levels (ICC >0.90, lower 1sided 95% CI > 0.70); the 30sCST and 20sSCT achieved sufﬁcient
levels (ICC 0.82e0.86, lower 1-sided 95% CI: 0.73e0.78); whilst the
TUG and 11-step SCT did not meet minimal acceptable levels (ICC
0.78, lower 1-sided 95% CI: 0.66e0.67). In terms of absolute
between-rater reliability, SEM ranged between 3.6 and 9.3% of the
mean test score, demonstrating sufﬁciently small measurement
error in all tests (10%).
Within-rater reliability of repeated measures over a 1-week interval
The within-rater reliability test interval was 7 days for 46 (90%)
participants, 8 days for 4 (8%) participants and 9 days for one (2%)
participant. In terms of relative within-rater reliability, the
40mFPWT and 6MWT achieved optimal levels (ICC >0.90, lower 1sided 95% CI > 0.70); the 30sCST and 10mFPWT achieved sufﬁcient
levels (ICC 0.85e0.88, lower 1-sided 95% CI: 0.70e0.82), whilst the
11-step SCT, TUG, and 20sSCT did not meet minimal acceptable
levels (ICC 0.78e0.85, lower 1-sided 95% CI: 0.56e0.68). The SEM of
all tests measured over a week interval ranged between 3.3 and
8.1%, demonstrating sufﬁciently small measurement error. The
MDC90 estimates ranged between 7.6 and 18.8% of the mean test
score.

Discussion
This study estimated the relative reliability and absolute measurement error associated with tests of physical function including
those recommended by OARSI for people with knee and/hip OA2,3.
The sufﬁciently small measurement error associated with all tests
across all occasions, indicate that the OARSI set are appropriate for
measuring change in physical function performance in individuals
with knee and/or hip OA. In terms of relative reliability, it appeared
that the 40mFPWT, 6MWT and 30sCST were more consistent than the
11-step SCT and TUG. The 10mFPWT appears to be an adequate
alternate to the OARSI recommended 40mFPWT. Similarly, the
20sSCT appears to be slightly more reliable than the 11-step SCT.
Clinicians and researchers can be guided by the MDC estimates,
where changes greater than two stands for the 30sCST, 0.19 m/s for
the 40mFPWT, 0.2 s for the TUG, 50.23 m for the 6MWT and 0.28 m for
the 10mFPWT represent true change 90% beyond measurement error.
Due to limited reliability and measurement error estimates for
the recommended performance-based tests of physical function in
people with hip and/or knee OA, as well as differences in the terminology of the types of reliability design reported in the literature,
direct comparison of our ﬁndings is challenging. Nevertheless, a
number of consistencies with previously reported estimates of
relative reliability in people with end-stage hip and knee OA14,15
were evident.
Although all tests had sufﬁciently small measurement error, the
11-step SCT and TUG did not reach our pre-set minimal benchmarks of acceptable reliability. It should be acknowledged that
reliability is but one aspect to consider in choosing a suitable test.
Tests such as a stair-climb test are relevant to everyday activities
that are important to people with OA and hence have face validity.
Our ﬁndings suggest the 20sSCT may be a better alternate to the 11step SCT and potentially more feasible as the number of stairs is
constrained by the available testing environment.
MDC calculated for the tests can help clinicians and researchers
interpret these tests by indicating how much change is real change.
However, these values are estimated differently to minimal
important change values that instead represent the amount of
change that is clinically meaningful to the patient. Further research
is required to determine estimates of minimal clinically important
change associated with each of the tests.
There are several strengths of the current study. We evaluated
OARSI recommended tests that were chosen based on a rigorous
consensus process2. We provided a priori levels of adequate, sufﬁcient and optimal levels of relative reliability upon which to
adequately power the study and also to base our interpretations.
This allows not only transparency but the ability to compare our
data to others. We excluded participants who demonstrated
symptomatic change after 1 week from the within-rater analysis.
Four raters with varying levels of clinical and research experience
were used in the between-rater reliability analyses.
Limitations of the study include that only one rater, albeit an
individual with clinical and research experience, was used for our
within-rater reliability analysis, limiting the generalisability of
these ﬁndings. Further, it is possible that reliability could differ
between participants with isolated unilateral/bilateral hip or knee
OA. However joint speciﬁc and laterality sub-group analysis was
not conducted due to inadequate statistical power. Lastly, the reliability of Rater B (three raters) is unknown and is a limitation of this
study.
In summary, the OARSI recommended set of performance-based
tests of physical function demonstrated sufﬁciently small measurement error indicating they are adequate for measuring change
over time in individuals with knee/hip OA. The 10mFPWT appears
to be a suitable alternate to the 40mFPWT.
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Table II
Between and within-rater reliability and measurement error estimates
Between-rater reliability
and measurement error
estimates

Functional test

Rater Ay
Mean (SD)

Rater B
Mean (SD)

ICC(1,1)
(95% CI)

Lower 1-sided CI

SEM 95% CI

SEM%

OARSI minimum core set

30sCST (no. of stands)
40mFPWT (m/s)
z11-step SCT (s)
[n ¼ 50]
*11-step SCT (s)
x,yTUG (s) [n ¼ 49]
*TUG (s)
6-min Walk Test (m)
10mFPWT (m/s)
20sSCT (steps)

11.5 (2.7)
1.69 (0.26)
12.86 (2.42)

11.6 (2.7)
1.69 (0.30)
12.81 (2.63)

0.86 (0.77e0.92)
0.96 (0.93e0.98)
0.78 (0.65e0.87)

0.78
0.93
0.67

1.0 (0.8e1.3)
0.06 (0.05e0.08)
1.19 (0.99e1.48)

8.8
3.6
9.3

13.27 (3.66)
8.4 (1.3)
8.6 (1.4)
545.1 (83.26)
1.80 (0.32)
34.5 (7.4)

13.18 (3.74)
8.3 (1.5)
8.3 (1.5)
551.29 (90.01)
1.74 (0.30)
35.1 (7.5)

0.90
0.78
0.75
0.94
0.91
0.82

0.85
0.66
0.63
0.90
0.85
0.73

1.18 (0.99e1.46)
0.7 (0.6e0.8)
0.7 (0.6e0.9)
21.28 (17.81e26.46)
0.08 (0.07e0.10)
3.2 (2.7e3.9)

8.9
7.9
8.5
3.9
4.5
9.1

OARSI recommended set

Expert suggestions

(0.83e0.94)
(0.63e0.87)
(0.60e0.85)
(0.90e0.96)
(0.83e0.95)
(0.71e0.89)

Within-rater reliability
and measurement error
estimates

Functional test

Session 1
Mean (SD)

Session 2
Mean (SD)

ICC(2,1)
(95% CI)

Lower 1-sided CI

SEM 95% CI

SEM%

MDC90 (%)

OARSI minimum core set

30sCST (no. of stands)
40mFPWT (m/s)
z11-step SCT (s)
[n ¼ 50]
*11-step SCT (s)
x,yTUG (s) [n ¼ 49]
*TUG (s)
6-min Walk Test (m)
10mFPWT (m/s)
20sSCT (steps)

11.5 (2.7)
1.69 (0.26)
12.89 (2.42)

12.2 (2.4)
1.74 (0.29)
11.99 (2.41)

0.85 (0.67e0.93)
0.92 (0.82e0.96)
0.78 (0.50e0.89)

0.70
0.84
0.56

0.9 (0.7e1.1)
0.07 (0.06e0.09)
1.00 (0.83e1.24)

7.3
4.1
8.1

2.0 (16.9)
0.19 (9.5)
2.33 (18.8)

13.27 (3.66)
8.4 (1.3)
8.6 (1.4)
545.12 (83.26)
1.80 (0.32)
34.5 (7.4)

12.35 (3.53)
8.1 (1.3)
8.1 (1.3)
563.85 (84.23)
1.83 (0.30)
36.9 (7.6)

0.90
0.81
0.75
0.93
0.88
0.85

0.75
0.68
0.58
0.79
0.82
0.66

0.99 (0.83e1.23)
0.5 (0.4e0.7)
0.6 (0.5e0.8)
18.12 (15.16e22.53)
0.10 (0.09e0.13)
2.5 (2.1e3.1)

7.7
6.3
7.5
3.3
5.5
7.0

OARSI recommended set

Expert suggestions

(0.72e0.95)
(0.65e0.89)
(0.54e0.86)
(0.77e0.97)
(0.80e0.93)
(0.61e0.93)

1.21 (14.7)
50.23 (7.6)
0.28 (12.9)
7 (16.3)

MDC90 estimates were not calculated between raters as the distribution of the difference scores did not conform to normal distribution.
*
Refers to non-normally distributed data.
y
Rater A assessed all 51 participants, Rater B is from a pool of three raters assessing >15 participants each; No statistical differences in the mean differences between Rater A
and any Rater B were observed for any of the tests evaluated.
z
One participant removed as considered an outlier.
x
Two participants removed as considered outliers.
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