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s u m m a r y

Objective: To compare the responsiveness of two unilateral lower-limb performance-based tests, the one- 
leg rise test and the maximal step-up test, with the bilateral 30-second chair-stand test and the self-re
ported measure of physical function (HOOS/KOOS). Specific aims were to evaluate responsiveness, floor/ 
ceiling effect and association between the instruments.
Method: Data was included from 111 participants, mean age 61.3 years (8.3), with clinically verified hip or 
knee osteoarthritis, who reported less than 150 minutes/week of moderate or vigorous intensity physical 
activity. Responsiveness, how well the instruments captured improvements, was measured as Cohen’s 
standardised mean difference for effect size, and was assessed from baseline to 12 months following a 
physical activity intervention. Other assessments were floor and ceiling effects, and correlations between 
tests.
Results: The maximal step-up test had an effect size of 0.57 (95% CI 0.37, 0.77), the 30-second chair-stand 
0.48 (95% CI 0.29, 0.68) and the one-leg rise test 0.12 (95% CI 0.60, 0.31). The one-leg rise test had a floor 
effect as 72% of the participants scored zero at baseline and 63% at 12 months. The correlation between 
performance-based tests and questionnaires was considered to be minor (r = 0.188 to 0.226) (p = 0.018 to 
0.048).
Conclusion: The unilateral maximal step-up test seems more responsive to change in physical function 
compared to the bilateral 30-second chair-stand test, although the tests did not differ statistically in effect 
size. The maximal step-up test provides specific information about each leg for the individual and allows for 
comparison between the legs.
© 2024 The Author(s). Published by Elsevier Ltd on behalf of Osteoarthritis Research Society International. 

This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Introduction

Both performance-based tests and self-reported questionnaires 
pertaining to physical function are recommended for hip and knee 
osteoarthritis (OA), as they measure different aspects of function and 

complement each other.1 The association between performance- 
based tests and questionnaires on function is low.2–4 Performance- 
based tests of physical function assess what individuals can do, such 
as walking, going up stairs and getting up from a chair. Self-reported 
questionnaires concerning physical function usually assess similar 
domains, though with the disparity that they assess what individuals 
perceive they can do.1,5 In comparison, performance-based tests of 
physical function are generally considered to indicate loss of func
tion earlier than self-reported questionnaires.6–8 Commonly used 
self-reported questionnaires in hip or knee OA are the Hip Disability 
and Osteoarthritis Outcome Score (HOOS) and the Knee Injury and 
Osteoarthritis Outcome Score (KOOS).9,10 These questionnaires have 
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two subscales in relation to function: activities in daily life and 
sport/recreation. 

The Osteoarthritis Research Society International (OARSI) has 
recommended a core set of three performance-based tests that 
evaluate physical function: the 30-second chair-stand test, the 40 m 
fast-paced walk test and a stair climb test.1 These tests evaluate 
forms of function that are important for the osteoarthritis patients to 
maintain in order to move around and perform daily activities, and 
the tests are recommended for use in research and monitoring pa
tients with hip or knee OA over time.1 

However, neither the OARSI core set nor questionnaires evaluate 
legs separately and systematic reviews have shown that unilateral 
osteoarthritis is characterised by muscle weakness in the affected 
leg.11,12 In the recommended performance-based bilateral tests, the 
patient may compensate with the other leg. It has been shown that 
the assumption of bilateral symmetry of lower extremity is low in 
the bilateral sit-to-stand test.13 Because improvement in physical 
function is a goal for many individuals with OA, it is important to use 
performance-based function tests that are valid, reliable, and re
sponsive to measure change, and that is as truthful as possible. A test 
that measures each leg separately will provide more specific in
formation for the individual and the caregiver. It is therefore of in
terest to investigate whether performance-based functional tests 
that measure each leg separately, i.e. unilateral tests, are more re
sponsive to change, as measured by effect size, compared to tests 
that evaluate both legs together. The overall aim of this study was to 
compare two performance-based tests that measure each leg sepa
rately, i.e. the maximal step-up test14 and the one-leg rise test15 with 
the bilateral 30-second chair-stand test,1 as well as self-reported 
questionnaires on function, the HOOS/KOOS.9,10 The specific aims 
were to evaluate responsiveness to changes 12-month post-baseline 
following a physical activity intervention, including floor and ceiling 
effect in the three performance-based tests,1,14,15 and the HOOS/ 
KOOS questionnaires,9,10 and to evaluate the associations between 
the performance-based tests and HOOS/KOOS at baseline and after 
12 months. 

Method 

Setting 

Data was collected from 111 patients with hip or knee OA parti
cipating in a randomised controlled trial (RCT) with the aim of im
proving physical activity of patients in primary health care in 
Gävleborg County, Sweden.16 The participants sought care because 
of pain or functional problems with either the hip or the knee. The 
interventions in the RCT were characterised as “individualised ad
vice on physical activity” versus “individualised physical activity on 
prescription”. Fifty-eight and 53 participants, respectively, were in
cluded from the first and second study arms. The primary outcome 
in the RCT was physical activity. Secondary outcomes were function 
measured with performance-based tests and questionnaires, and 
pain and quality of life assessed with questionnaires. The interven
tions in the two study arms were individualised for the patient to 
perform the physical activity they preferred. A full description of the 
RCT assessing the results after 6, 12 and 24 months is provided in 
previous articles.16,17 The study was registered at ClinicalTrial.gov 
(NCT02387034) and was approved by the Regional Ethic Review 
Board, Uppsala (DNR2010/001). Data used in the current study was 
collected at baseline and at 12 months. 

Participants 

Eligibility for the study comprised people aged 40 to 74 with a 
clinically verified hip or knee OA,18,19 reporting less than 150 minutes of 

physical activity of moderate to vigorous intensity per week.20,21 Ex
clusion criteria were a diagnosis of hip fracture or a previous hip or 
knee replacement, meniscal or cruciate ligament injury, neuropathic 
pain in leg, or concurrent diagnosis of rheumatoid arthritis, severe 
cardiovascular disease, or cancer. In addition, complete data on the 
three performance-based tests1,14,15 was required, as well as the HOOS/ 
KOOS,9,10 both at baseline and at 12 months. 

Measurements 

The maximal step-up test (Fig. 1) measures the maximal step-up 
height in each leg using a step-up box with 3 cm intervals between 
step heights.14 The maximal step-up test is significantly correlated to 
quadriceps strength (r = 0.68, p  <  0.001)14 measured with Biodex 
System III PRO.22 The participant is told to find their balance and 
take their body weight over the step-up leg placed on the box, and 
then push the step-up foot into the board while extending the knee. 
Kick-off with the floor foot or use of the hands while slowly stepping 
up on to the board is not allowed. The caregiver/examiner assesses 
whether the test has been carried out correctly. Three attempts are 
allowed at the current height.14 The maximal step-up test has shown 
good reliability for healthy adults between occasions and testers 
(< 6 cm).14 

The one-leg rise test (Fig. 1) assesses the total number of re
petitions an individual can perform from sitting to standing on one 
leg, on a chair with a height of 48 cm and performed without a time 
limit.15 The one-leg rise test has shown fair reliability between oc
casions in individuals who underwent meniscectomy,15 with an in
traclass correlation (ICC) of 0.84 (0.69–0.92). 

The 30-second chair-stand test (Fig. 1) measures the number of 
times an individual can go from sitting to standing on a chair with a 
height of 44 cm, for 30 seconds using both legs.1 The test has shown 

Fig. 1                        

Illustration of the maximal step-up test, the one-leg rise test and the  
30-second chair-stand test.  
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an acceptable level of both between- and within-rater reliability and 
measurement error (ICC, 0.7–0.8) in people with hip and knee OA, as 
well as an absence of ceiling and floor effects.23 

HOOS9 and KOOS10 are questionnaires that contain 40 and 42 
questions, respectively in five domains and that provide the sub
scales: pain; other symptoms; function in daily living (ADL); func
tion in sport/recreation; and joint-related quality of life. The 
analyses used the ADL subscale, consisting of 17 questions scored on 
a five-point Likert scale. HOOS/KOOS scores can range from 0 (ex
treme problem) to 100 (no problem).9,10 Both HOOS and KOOS have 
shown good reliability between testers and between occasions 
(ICC ≥ 0.70), and displayed good quality for measurement prop
erties.24,25 

The learning effects were assumed equal between all participants 
in the various functional tests and questionnaires. 

Descriptive statistics were presented as mean and standard de
viation (SD), mean and percent (%), and minimum and maximum 
scores, at baseline and after 12 months. 

Cohen’s D, known as standardised mean difference, was used to 
measure effect size and subsequently compare the responsiveness of 
change between instruments. Cohen’s D is defined as the difference 
between two means divided by the standard deviation for the data, 
i.e. between values from baseline and 12 months follow-up and the 
standard deviation from the paired difference. Effect size was con
sidered as small (d = 0.20–0.49), medium (d = 0.50–0.79) or large 
(d = ≥0.8).26,27 A bootstrap method was used to test the difference 
between the maximal step-up test and the 30-second chair stand 
test by comparing the respective standardised effect sizes in 10,000 
bootstrap samples. 

A floor effect was defined as more than 15% of participants 
achieving the lowest possible score.28 As the performance-based 
tests do not have a maximum possible score value in contrast to the 
questionnaires used, we defined ceiling effects as more than 15% of 
participants achieving the same maximal score at both baseline and 
12 months, and that both values were in the upper 90th percentile. 

For reference, the one-leg tests were compared with the two-leg 
oriented 30-second chair-stand test,1 and with HOOS/KOOS ques
tionnaires on ADL function. Correlation between performance-based 
tests and HOOS/KOOS ADL was analysed at baseline and at 
12 months using Pearson’s correlation coefficient. Definition of the 
correlations were; negligible 0.00–0.09, small 0.10–0.29, moderate 
0.30–0.49 and strong > 0.5.28 

Results 

Data was used in the analyses from 111 patients (Table I). The 
majority of the participants were women (73%), with the knee joint 
most commonly affected (72%) in the study population. 

The maximal step-up test, which measures each leg separately 
showed improvement in effect size after 12 months that was con
sidered as medium (0.57; 95% CI 0.37, 0.77) and the effect size of the 
two-leg oriented 30-second chair-stand test was considered as small 
(0.48; 95% CI 0.29, 0.68).26,27 There was no statistical difference 
between the two tests (p = 0.501). The one-leg rise test, which also 
evaluates each leg separately, showed an effect size of 0.12 (95% CI 
−0.60, 0.31) (Table II). 

A floor effect was observed in the one-leg rise test, as 72% of the 
participants at baseline and 63% at 12 months were not able to 
perform the test. The other performance-based tests of physical 
function had no significant floor effects and there were no ceiling 
effects in any of the performance-based tests of physical function 
(data not shown). 

The 30-second chair-stand test showed moderate correlation 
with the maximal step-up test (r = 0.405, p  <  0.001 and r = 0.451, 
p  <  0.001) and with the one-leg rise test (r = 0.301, p  <  0.001 and 

r = 0.450, p  <  0.001) measured at baseline and at 12 months, re
spectively. The correlations between a performance-based test and 
the HOOS/KOOS ADL questionnaire were small (r  <  0.25) measured 
at baseline and at 12 months (Table III). 

A sensitivity analysis produced no significant differences be
tween outcomes in participants with, respectively, hip and knee OA 
(data not shown). 

Discussion 

The effect size for the maximal step-up test, which measures 
each leg separately, was slightly higher than for the two-leg oriented 
30-second chair stand test when evaluating physical function after 
12 months.26,27 The effect sizes were 0.57 (95% CI 0.37, 0.77) and 0.48 
(95% CI 0.29, 0.68) respectively which were considered medium 
(between 0.50–0.79) and small (between 0.20–0.49) respectively. 
However, there was no statistical difference in effect size between 
the two tests (p = 0.501), and both tests may be useful in clinical 
practice. Neither of these tests had any significant floor or ceiling 
effects. 

Most participants found the one-leg rise test difficult to perform, 
with 72% of subjects unable to perform even a single repetition of 
the test. However, in a previous study in a younger population (mean 
age of 44.8 years), this test was prognostic in predicting the devel
opment of radiographic knee OA 5 years later in subjects with 
chronic knee pain.29 In other words, this test might be better suited 
to a younger population than the one in the present study, where the 
mean age was 61.3 years. The significant floor effect for this test in 
our study contributed to a poor effect size of 0.12 (95% CI −0.60, 
0.31). The test can thus be deemed inappropriate in an older po
pulation. 

We found that compared with the HOOS/KOOS questionnaires, 
the scores for the one-leg tests and the two-leg 30-second chair- 
stand test showed only a small correlation (r  <  0.25). This is con
sistent with previous studies that have also shown a small correla
tion between performance-based tests and questionnaires.2–4 

Individuals with hip or knee OA were evaluated before and 
3–6 months after joint replacement and increased by up to 43% in 
self-reported function,2–4 but did not increase at all in performance- 
based tests, such as timed up and go2–4 and five times chair-stand 
test.4 An explanation was that they felt they had better function due 

Characteristics n (sd) or n (%)  

Age in years  61.3 (8.3) 
Women  81 (73) 
BMI, kg/m2  30.2 (4.2) 
Joint involved  

Hip  31 (28) 
Knee  80 (72) 

HOOSa/KOOSb  

Pain  54.2 (15.7) 
Other symptoms  57.3 (18.4) 
Activity of daily living  62.2 (17.4) 
Sports and recreation  31.2 (22.8) 
Quality of life  39.2 (16.0)  

a HOOS = Hip disability and Osteoarthritis Outcome Score, ranges from 0 
(worst) to 100 (best).  

b KOOS = Knee injury and Osteoarthritis Outcome Score, ranges from 0 (worst) 
to 100 (best).   

Table I                      

Characteristics of 111 individuals with OA participating in physical 

activity intervention.  

R. Bendrik et al. / Osteoarthritis and Cartilage 32 (2024) 937–942 939 



to less pain, but it was too soon after joint replacement for improved 
function as measured with performance-based tests.3 Self-reported 
questionnaires and performance-based tests evaluate different 
constructs of function and both are needed.2–4 

There are several benefits to using a test that measures each leg 
separately in hip and knee OA. First, the result of a one-leg test shows 
the consequences of OA more clearly than the two-leg tests, as the 
individual is not able to compensate with the other leg such as in the 
30-second chair stand test.13 Second, the individual consequently ob
tains information that is more specific if a leg has impaired function. In 
clinical work, the performance-based tests allow the healthcare pro
fessional and the patient to evaluate initial functional capacity and then 
plan and implement an intervention period and subsequently to 
evaluate the results of this intervention.30,31 If single-leg tests are 
available, both legs can be compared, which is a common strategy in 
rehabilitation of younger individuals with meniscal or cruciate liga
ment injuries at risk of osteoarthritis of the knee.5,32 Furthermore, it is 
important to evaluate the functional capacity of individuals at risk of 
falling.33 Performance-based tests, such as the 30-second chair-stand 
test and the timed up and go test have been proposed to evaluate 
functional capacity.33 However a one-leg test would be useful because 
functional impairment and asymmetry in leg function is an important 
risk factor for falls in older adults.34 

A recent study evaluated a new one-leg test, the step up and down 
test.35 Similarly to the maximal step-up test, this test is also considered 
to be a standardised climbing test, which was valid, reliable and re
sponsive in detecting improvements after an intervention in people 

with OA.35 However, even if the step up and down test is described as a 
single-leg test that can be completed in 15 seconds,35 we believe it is 
possible to compensate with the other leg if one leg has lower function. 
When stepping up and down from the 18 cm high step in 15 seconds, 
kick off is performed with the foot that is on the lowest step. When 
performing the maximal step-up test each leg is evaluated separately. 
The test only evaluates the leg with the foot placed on the step-up box, 
with the caregiver/examiner checking that there is no kick off with the 
floor-foot.14 On the other hand, even though the maximal step-up test 
was considered a reliable leg function test when evaluated on healthy 
subjects, the inter-tester and inter-occasion reliability has a dis
advantage in that the results may differ by as much as 6 cm between 
different testers and occasions.14 

When supporting individuals with osteoarthritis to improve in 
functions such as climbing stairs and rising from a chair, perfor
mance-based tests of function are useful.1 When using the maximal 
step-up test in clinical practice, it is possible for the individual to set 
some goals. It has been argued that there is a possible theoretical 
maximum step-up height that can be reached when starting with 
the knee angled at approximately 90° and the femur parallel to the 
floor.14 Reaching the theoretical step-up height can be a goal for 
some individuals. For others, a reasonable goal can be to reach the 
same step-up heights in both legs, if one leg is weaker. 

The strength of this study is that we evaluated tests on one leg in 
people with hip or knee osteoarthritis and found that a one-leg test 
can be at least as good as a two-leg test in evaluating change (effect 
size) after an intervention. 

Baseline 12 months Change  

Mean (SD) Min-max Mean (SD) Min-max Mean change Change (%) Effect size (95% CI)  

Maximal step-up test (cm) 23.4 (6.4) 9–39 26.5 (5.3) 15–39 3.1 13.2 0.57 (0.37, 0.77) 
One-leg rise test (numbers) 2.8 (6.4) 0–31 3.5 (7.7) 0–41 0.7 25.0 0.12 (−0.60, 0.31) 
30-s chair-stand test (numbers) 11.5 (3.5) 0–20 12.7 (3.2) 5–22 1.2 10.4 0.48 (0.29, 0.68) 
HOOS/KOOS ADL (score 0–100)a 62 (17) 22–98 74 (19) 16–100 12 19.4 0.65 (0.44, 0.85)  

a 0 = extreme problem, 100 = no problem.   

Table II                                                                                                      

Scores of performance-based tests and self-reported questionnaire (HOOS/KOOS ADL) at baseline and at 12 months among 111 individuals 

with hip/knee OA in a physical activity intervention.  

30-s chair-stand test One-leg rise test HOOS/KOOS ADL  

Correlation at baseline    
Maximal step-up test r = 0.405, p  <  0.001 r = 0.284, p = 0.003 r = 0.226, p = 0.018 
30-s chair-stand test r = 0.301, p  <  0.001 r = 0.209, p = 0.028 
One-leg rise test  r = 0.188, p = 0.048 

Correlation at 12 months 
Maximal step-up test r = 0.451, p  <  0.001 r = 0.415, p  <  0.001 r = 0.192, p = 0.043 
30-s chair-stand test r = 0.450, p  <  0.001 r = 0.210, p = 0.027 
One-leg rise test  r = 0.246, p = 0.009     

Table III                                                                                                     

Correlations between the three different performance-based tests, and between a performance-based test and the self-reported questionnaires 

on functioning (HOOS/KOOS ADL), in 111 individuals with hip/knee OA participating in a physical activity intervention. Data measured at 

baseline and at 12 months.  
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A limitation of this study is that there is no single accepted gold 
standard performance-based test available with which to compare 
the one-leg tests. We consequently used the widely used 30-second 
chair-stand test 1 and HOOS/KOOS questionnaire as reference. 9,10 

This is in line with the Consensus-based Standards for the selection 
of health Measurement Instruments (COSMIN) checklist, which 
suggests comparing with a global instrument if no gold standard is 
available for comparison.36 

The maximal step-up test measures the step-up height with 3 cm 
intervals between step-heights, and the “one-leg rise test” and the 
“30-second chair stand test” measures times of standing from a 
standardised chair height. Using a standardised chair makes it easier 
to perform the latter two tests for a short individual compared with 
a tall one. A possible limitation is that we did not adjust for the 
height of the individuals, but rather had the aim of comparing the 
effect sizes in the same way as in the clinical situations. The con
clusion that the maximal step-up test was the most responsive test 
may be due to its design using multiple step-up heights, easily al
lowing for individualisation. 

Another limitation and issue that needs to be considered is that 
performance-based tests have a lower effect size than self-reported 
functional measures,2–4 and patients therefore do not reach the level 
of minimum important change when gauged with performance- 
based measures. Evaluating the smallest within-subject change in 
score that participants consider to be important has been suggested 
at an effect size of 0.5,37 a level that the maximal step-up test 
reached. However, if both functional outcome measure and self-re
ported functional measures are used, it is possible to capture the 
patient’s opinion. 

Conclusion 

The maximal step-up test, a performance-based test that mea
sures each leg separately, seems more responsive to change in 
physical function, compared to the 30-second chair-stand test which 
evaluates both legs together, although the tests did not differ sta
tistically in effect size. The maximal step-up test provides more 
specific information about each leg for the individual and allows for 
comparison between the two legs if one leg has impaired function. 
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