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ABSTRACT  
Objective: The Osteoarthritis Research Society International (OARSI) recommends assessment 

of physical function using a performance-based test of stair negotiation, but was unable to 

recommend any specific test. We assessed the reliability, validity, responsiveness, measurement 

error, and minimum important change (MIC) of the 6-step timed Stair Climb Test (SCT).  

Methods: We used pooled data from 397 participants with hip or knee osteoarthritis (54% 

women) from four clinical trials (86% retained at 12-week follow-up). Construct validity was 

assessed by testing six a priori hypotheses against other OARSI-recommended physical function 

measures. A self-reported Global Rating of Change scale was used to classify participants as 

worsened, improved and stable. Participants who worsened in physical function were excluded 

from all analyses. Responsiveness and MIC were assessed using multiple anchor-based and 

distribution-based approaches. Test-retest reliability, standard error of measurement (SEM) and 

smallest detectable change (SDC) were assessed on stable participants.  

Results: Five of six hypotheses (83%) for construct validity were met. Test-retest reliability was 

excellent (intraclass correlation coefficient2,1: 0.83; 95% confidence interval: 0.71, 0.90). The 

SEM and SDC values were 0.44 and 1.21 seconds respectively. We did not find adequate support 

for responsiveness. The MIC values ranged from 0.78 to 1.95 seconds using different approaches 

(median=1.37 seconds).  

Conclusion: The 6-step timed SCT adequately assesses the construct of physical function in 

individuals with hip or knee osteoarthritis with excellent 12-week test-retest reliability. However, 

support for its responsiveness was inadequate to recommend its use as an outcome measure in 

people with osteoarthritis for research and clinical practice.  

 

Keywords  

Osteoarthritis; Physical Function; Clinimetrics; Stair Climb Test; Knee; Hip 
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SIGNIFICANCE AND INNOVATIONS 
 

• The Stair Climb Test (SCT) is recommended measure of physical function for hip and 

knee osteoarthritis without sufficient empirical evidence around its measurement 

properties and minimum important change.  

• This study confirmed construct validity and test-retest reliability of the SCT, but could 

not find support for its responsiveness.  

• We reported minimum important change values for the SCT for the first time. 
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Osteoarthritis is a common and debilitating long-term musculoskeletal condition. 

Impaired physical functioning is a key contributor to disability in osteoarthritis, and 

improvement in physical function is a common target of many osteoarthritis interventions. 

Physical function is thus a recommended outcome domain by the Osteoarthritis Research Society 

International (OARSI) and the Outcome Measures in Rheumatology (OMERACT), endorsed by 

all relevant stakeholders including patients, clinicians, and researchers1,2.  

 

Clinical guidelines on hip and knee osteoarthritis frequently recommend a physical 

performance test, the Stair Climb Test (SCT)1,3,4. The SCT measures the time it takes an 

individual to climb and descend a set number of stairs. It has numerous variations (e.g., varying 

the number or height of steps, completing the test in set time or timed test to ascend and descend 

set number of steps)5-9. It is feasible (takes less than five minutes to complete) and demands 

minimal equipment (staircase and stopwatch)9. It can also be tested using a mobile app, adding 

the potential for use in tele-rehabilitation and ‘virtual’ remote consultations10. It can be a useful 

test as it tests stair climbing, a common activity of daily living (ADL) that people with hip and 

knee osteoarthritis report difficulty on which is not measured by other OARSI recommended 

physical performance tests (e.g., walking tests). 

 

The SCT is increasingly used in clinical trials in hip and knee osteoarthritis7,11-14 and 

other populations15,16 despite limited evidence on its measurement properties. Although it has 

been described as a test that conceptually measures lower extremity strength, power, and balance 

(i.e. construct validity) 6,9, the empirical evidence to support this is contradictory17,18. Evidence 

for its reliability and responsiveness in individuals with hip and knee osteoarthritis is mixed, 

showing (1) unacceptable to excellent reliability4-6,9,19 and (2) acceptable responsiveness 

following hip and knee arthroplasty9 but no evidence for its responsiveness in hip and knee 

osteoarthritis managed non-surgically based on two relatively small studies17,18. Coleman and 

colleagues, in a recent narrative review, also highlighted the lack of evidence on its minimum 

important change (MIC; the smallest within-subject change in score that patients consider to be 

important)9.  
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Given the gap and inconsistencies in the literature, we aimed to assess the measurement 

properties of the SCT in individuals with hip or knee osteoarthritis who received non-surgical 

interventions. Specifically, we planned to assess its test-retest reliability (including measurement 

error), construct validity, responsiveness, and MIC.  

 

PARTICIPANTS AND METHODS 
 

Study design and settings 

We used data from four completed randomised controlled trials from the same research 

centre that used the SCT as an outcome alongside additional outcome measures of physical 

function. All four trials assessed conservative non-drug, non-surgical treatment interventions and 

were conducted with community-dwelling participants with hip or knee osteoarthritis in 

Melbourne, Australia. We used data at baseline (T0) and 12-weeks post-treatment follow-up (T1) 

from each trial. We followed the COSMIN (COnsensus-based Standards for the selection of 

health Measurement INstruments) recommendations for assessing all measurement properties20-

22. Fifty participants are considered adequate to evaluate different measurement properties of 

outcome measures23.  

 

All participants provided written informed consent to participate in the respective trials. 

The University of Melbourne Human Research Ethics Committee approved all studies. All trials 

were registered with the Australia New Zealand Clinical Trials Registry. The study design and 

samples have been described previously7,12-14. Study participant selection criteria are summarised 

in Table 1.  
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Measures 

The outcome measures used, and the constructs assessed in the study are described below 

and summarised in Table 2. Not all trials collected data on all measures; the specific outcome 

data collected in each trial are indicated in Table 2. All tests have shown to have good to 

excellent reliability in people with hip and knee osteoarthritis5,9,14,24-27.  

 

 Stair climb test (SCT) 

 The SCT is a physical performance test in which participants are asked to ascend and 

descend a flight of stairs6,9. In all trials providing data for this study, participants completed a  

timed SCT with 6 steps, each 17.5cm high7,12,14, at their own pace4. Participants could use 

handrails if preferred. The total time taken to complete the task was recorded in seconds; longer 

times indicate poorer physical function4,6,9.  

 

Physical performance tests for comparison 

 The 30-second sit-to-stand test assesses the number of completed sit-stand-sit repetitions 

in 30 seconds4. A chair (43.2 cm or 17 inches high) with straight back support placed against a 

wall was used to perform the tests1. 

 The 40m fast-paced walking test (2X20m) assesses ability to walk as quickly as possible 

over a 20m space, turn, and return to the initial position without overexerting1. The average 

walking speed (in meters per second, m/s) is recorded. The time required to turn is not included 

in the recorded time. One can use walking aids if preferred.  

 The step test assesses a person’s ability to step rapidly in the forward direction28. 

Participants are required to stand on the study leg, and complete as many steps as possible by the 

non-study leg on to a 15-cm high step and back to the floor in 15 seconds. The total number of 

steps completed is recorded.  

 The 4-square step test assesses the ability to rapidly change direction while stepping 

forward, backward, and sideways over a low obstacle25,29. Time to complete the test is recorded 

in seconds.  
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 Quadriceps strength was assessed using an isokinetic dynamometer (Kin-Com 125-AP; 

Chattecx Corporation, Chatanooga, TN, USA)14. Isometric quadriceps strength at knee flexion at 

60 degrees was recorded in a sitting position. The best score of the three tests was used. 

Quadriceps strength is recorded as maximum torque normalized by body mass (Nm/kg).  

 

Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC)  

The WOMAC 17-item Likert version 3.1 physical function subscale was used to assess 

physical functioning26,27. Each item is rated on a score of 0 to 4, with total score thus ranging 

from 0 (representing no difficulty) to 68. Higher scores indicate lesser physical function.  

 

Global rating of change (GRoC) 

   The Global Rating of Change (GRoC) scale asked participants to rate their change in 

physical function since the baseline assessment. The GRoC was used to classify participants as 

“worsened”, “stable” or “improved” at the 12-week follow-up. Two versions of the GRoC were 

used in three trials: a 7-point GRoC (GRoC-7)7,13 and a 5-point GRoC (GRoC-5) scale12. 

Response options for each of these GRoC scales are shown in Supplementary Figure 1. 

 

Scores from the GRoC-7 were combined with those from the GRoC-5 by collapsing 

response items 6 (“Moderately better”) and 7 (“Much better”). All participants who deteriorated 

were excluded from the analyses. Previous studies have found that choices of GRoC scales based 

on response options do not affect the responsiveness of measurement instruments30. GRoC scales 

have shown to have adequate reliability31.  

 

A priori, we defined GRoC scores to classify participants as stable and improved based 

on two sets of criteria. For our primary stringent analysis, we categorised participants as stable if 

they reported “no change” (score of 3 on GRoC-5 and score of 4 on GRoC-7) and as improved if 

they reported “moderately improved” or “much improved” (score of 5 on GROC-5 or score of 

6/7 on GROC-7)7,13. In secondary analyses, we categorised participants as stable if they reported 
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“slightly worse”, “no change”, or “slightly improved”, for both GRoC scales, and as improved if 

they reported “moderately improved” or “much improved”. These more relaxed criteria have 

been used previously (due largely to the need to obtain a large enough sample of ‘stable’ 

participants for analysis)32,33. 

 

Data analysis 

Sociodemographic variables (age, sex, body mass index), and osteoarthritis-related 

parameters (duration of symptoms, Kellgren-Lawrence radiographic score) were reported using 

descriptive statistics (count and percentage for discrete variables; mean and standard deviation 

(SD) for continuous measures). We performed complete case analyses on an analysis-by-analysis 

basis; that is, we discarded cases with missing responses for the SCT scores and other 

comparator measures for each analysis. 

Reliability 

 Test-retest reliability at 12 weeks was estimated on the stable group using both stringent 

and relaxed criteria. The intraclass correlation coefficient (ICC2,1) with 95% confidence interval 

(CI) was calculated using the two-way random effects model. ICC ≥ 0.70 was considered 

sufficient23.  

 

Measurement error 

 The standard error of measurement (SEM) was computed as SDchange × √1 − ICC in the 

stable group34. ICC2,1 calculated above was used in the formula. The smallest detectable change 

(SDC) was computed as 1.96 × √2 × SEM 23. Additionally, we constructed Bland-Altman plots 

to view systematic errors of the two measurements35.  

 

Construct validity 

 We assessed construct validity using hypothesis testing as described by COSMIN 

guidelines20, comparing the baseline scores of the SCT with the baseline scores of other 

measures of physical function. We hypothesized that the SCT would strongly correlate with tests 
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(namely the 30 second sit-to-stand test, the step test, and the 4-square step test) that assess at 

least two of the four sub-constructs of physical performance assessed by the SCT (strength, 

speed, power, balance; see Table 2). We also hypothesized that the SCT would at least 

moderately correlate with tests (namely the fast-paced walk test and quadriceps strength) that 

assess only one of the four sub-constructs of physical function assessed by the SCT, or patient-

reported physical function (the WOMAC-function sub-scale). We determined the constructs 

assessed by each test conceptually and based on previous research1,5,6,19.  

 

The Pearson or Spearman correlation coefficient was used to assess the strength and 

magnitude of correlations for all six a priori hypotheses for normally distributed and non-

normally distributed data respectively. We considered correlation coefficients <0.30 as weak, 

from 0.30 to 0.49 as moderate, and ≥ 0.50 as strong a priori36. If at least 75% of hypotheses were 

met (i.e. 5 of 6 hypotheses)23, we considered the timed 6-step SCT to be a valid measure of 

physical function (i.e. as having sufficient construct validity37). 

 

Responsiveness 

Responsiveness is the ability of an instrument to detect change over time in the construct 

to be measured. We assessed responsiveness using five approaches proposed in the literature. We 

considered the SCT to be highly responsive if the hypotheses for four or five of the approaches 

were met; moderately responsive if three of five criteria were met; and poorly responsive if only 

one or two criteria were met37. 

 

The first approach considered was the construct approach. It is similar to hypothesis 

testing for construct validity, the only difference being that the unit of comparison is the change 

score rather than baseline score. We tested the same six hypotheses as for construct validity, 

using change scores. At least 75% hypotheses needed to be met to support responsiveness using 

this approach. 
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The second approach was the criterion approach. The GRoC was used for this purpose to 

categorise the sample into improved and stable groups. Receiver Operating Characteristic (ROC) 

curves were plotted to assess responsiveness. A ROC curve plots the true positive scores 

(sensitivity) against false positive scores (1-specificity). An area under the curve (AUC) value of 

0.7 was considered as the threshold for the ability of the SCT to discriminate the improved and 

stable groups (AUC of 0.5: complete inability to discriminate; AUC of 1.0: perfect ability to 

discriminate)23,38.  

 

The third and fourth approaches were the effect size and standardized response mean 

(SRM) approaches respectively. We hypothesised a priori that the effect size and SRM of the 

SCT would be lie within ±0.10 of the range of effect size or SRM of other 6 comparator 

measures of physical function. The ±0.10 allowed to capture the effect sizes/SRM slightly 

outside the range available from other tests. Effect sizes were calculated by dividing mean 

change score by SD of baseline SCT scores and each comparator measure. SRM was computed 

as mean change score divided by SD of change score. We mapped the effect size and SRM of 

SCT against their respective range of values (±0.10) of the comparator measures. Effect sizes 

and SRM are considered acceptable methods for assessing responsiveness if a priori hypotheses 

about the expected magnitude of effect size and SRM are used38. 

 

The final approach was the between-group construct method. We hypothesised that the 

mean difference in SCT change scores between the stable and improved groups would be greater 

than the SDC. We also considered the SCT mean change scores for different categories of the 

GRoC scale (combined to GRoC-5 as described above). We hypothesised that the SCT mean 

change scores would monotonically increase with increasing levels of improvement in the 

GRoC38,39. Both these criteria needed to be met in order to score positively in this category.  

 

Interpretability  

We explored data distribution and MIC for interpretability. As SCT scores are continuous 

and can theoretically range from 0 to infinity (i.e. has no upper limit), we did not assess floor and 
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ceiling effects – the third recommended approach for the interpretability38. Data distribution was 

inspected visually for the SCT and comparator instruments for the baseline and change scores.  

 

The MIC score is the minimum change score of an instrument that study participants 

consider (clinically) meaningful. While clinically meaningful deterioration or worsening can be 

computed, we focused only on meaningful improvement in this paper because of a small number 

of participants who reported worsening at 12 weeks. We used two anchor-based and two 

distribution-based approaches to estimate MIC as previously reported39-42. Fifty participants are 

considered adequate to estimate MIC23.  

 

Anchor-based approaches for MIC. The GRoC in physical function was used as an 

external criterion as per recommendations for the anchor-based approach23,38. The first method to 

estimate MIC was the ROC curve approach. The estimated MIC was the score of the SCT 

resulting in minimum misclassification, i.e., the value of the SCT minimising the sum of false 

positive (1-specificity) and false negative (1-sensitivity) classifications38,39. Primary analysis was 

the anchor-based approach using the stringent criteria. The second anchor-based approach was 

using the mean change score in the sub-group of participants who reported “slightly improved” 

in the GRoC scale44, as recommended by Jaeschke and colleagues43.  

 

Distribution-based approaches for MIC. The first of the two distribution-based 

approaches used was the effect size approach. As proposed by Norman and colleagues44 and 

used by others45,46, we considered a medium effect size (i.e. 0.50) as the MIC, which is 0.50 ×

SD of baseline scores, Jaeschke and colleagues found that the MIC values roughly coincide with 

the medium effect size43. The second approach was the SRM approach46. As for the effect size 

approach, we considered the MIC as 0.50 × SD of change score. As other authors have used 

different thresholds of effect sizes and SRMs for estimating MIC, we additionally computed 

MIC scores using small effect size (0.20) as the cutoff42 and the mid-point value between small 

effect size and medium effect size (i.e. 0.35)47. The results using different effect sizes and SRM 
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thresholds were reported. We summarised the results using median as a measure of central 

tendency.  

 

Sensitivity analyses for MIC. We conducted sensitivity analyses by (1) analysing data 

separately for the trials that used GRoC-7 and GRoC-5; and (2) computing MIC separately using 

the stringent and relaxed categorisations of stable and improved groups as described previously.  

 

RESULTS 
Out of 398 participants with hip or knee osteoarthritis, 397 (99.7%) completed the SCT at 

baseline and 342 (86.1%) at 12-week follow-up. Demographic and baseline characteristics are 

presented in Table 3. 

 

Data distribution 

 The visual inspection of the data using histograms indicated that data are right skewed 

(Supplementary Figure 2).  Data distribution for the change scores were all normally 

distributed (Supplementary Figure 3). Skewness and kurtosis values with their standard errors 

are presented in Supplementary Table 1.  

 

Reliability and measurement errors 

 The results of the 12-week test-retest reliability and measurement errors are presented in 

Table 4. The SCT was found to have sufficient reliability (ICC ≥ 0.70) using both the primary 

(stringent) and secondary (relaxed) criteria to identify stable participants. The Bland-Altman 

plots are presented in Supplementary Figure 4. 

 

Construct validity 

The results of hypothesis testing for construct validity, presented along with respective 

sample sizes in Table 5, showed that 5 out of 6 a priori hypotheses (83%) were met (based on 
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Spearman Correlation Coefficient for non-normally distributed baseline SCT scores) supporting 

its construct validity.  

 

Responsiveness  

Overall, we found poor responsiveness for the SCT, with our a priori hypotheses met for 

only two of five approaches (Table 6). 

Using the construct approach, 4 of 6 hypotheses (67%) were met; this did not meet our a 

priori cut off of 75% of hypotheses within this approach (Table 6). Within the criterion-based 

approaches, 3 of 5 hypotheses (60%) were met. AUC value was 0.628 (95% CI: 0.523, 0,734) 

using stringent criteria (see Tables 4 and 6). The ROC curves are presented in Supplementary 

Figure 5. The effect sizes and SRM approaches met our a priori hypotheses for responsiveness 

(see Supplementary Table 2). Next, although the mean change of the SCT scores was 

statistically significantly different for the stable and improved groups (Approach 5a, Table 6), 

these values were within the measurement error of SCT scores (i.e. smaller than the SDC 

values). Finally, the SCT mean change scores monotonically increased corresponding to the 

improvement indicated by the GRoC categories (Supplementary Figure 6).  

 

Interpretability  

Minimum important change (MIC) 

 The MIC values for the SCT ranged from 0.44 to 1.95 seconds using different approaches 

(Supplementary Table 3). The median MIC value using different approaches was 1.37 seconds.  

 

DISCUSSION 
This study aimed to assess the measurement properties of the SCT in individuals with hip 

and knee osteoarthritis – using data from four trials. We found that the SCT had sufficient test-

retest reliability and construct validity to assess physical function in hip and knee osteoarthritis, 

but inadequate responsiveness based on overall a priori hypothesis-based criteria for 

responsiveness.  
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These results should be viewed considering the limitations of the study. First, these results 

are based on data from a self-paced 6-step SCT in a research laboratory, and may not be 

generalisable to other types of SCTs or other settings. Second, as with all studies of measurement 

properties, there is no true gold standard approach to assess responsiveness and estimate the 

MIC. To avoid putting greater weight on one approach than others, we assessed responsiveness 

and MIC using multiple distribution- and anchor-based approaches methods39-42,45,46. The use of 

GRoC to categorise stable and improve groups is prone to recall bias31,42, especially at a 12-week 

long follow-up, although it is commonly used and recommended42,48.  The distribution-based 

approaches are limited as they do not provide a sense of the clinical relevance of changes and do 

not take patients’ voice on what meaningful change is into account42, but they are not affected by 

recall bias and complement anchor-based approaches. 

 

The study also has several strengths. We used current recommendations for assessing 

measurement properties of outcome measures20-22. We used GRoC scales that asked about the 

change in physical functioning (the construct SCT captures) rather than change in general 

health38. We also supplemented the results using multiple anchor- and distribution-based 

methods39,42,45. With a substantially larger sample size than previous studies, we were able to use 

more stringent criteria to classify stable and improved groups for reliability and responsiveness 

assessment and MIC estimation. We place greater confidence in our findings using the stringent 

criteria because it excludes the “slightly improved” response from the stable category, providing 

a more homogeneous stable group and more distinct stable and improved groups.  

 

Based on our findings and in light of existing literature4,5,17-19, the SCT have adequate test-

retest reliability when assessed in short term (e.g., after 30 minutes rest after the baseline 

assessment)17,18. Our results support the reliability for longer follow-up (i.e. at 12-week).  

Between- and within-rater reliability of the 6-step SCT is unknown.  
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The results support the notion that the SCT measures physical function6 but is not 

adequately responsive. Two recent studies did not find evidence for the construct validity and 

responsiveness of the 10-step SCT17,18. Unlike these previous studies, our a priori hypotheses for 

construct validity were based on theoretical considerations; that is, the magnitude of correlation 

between the SCT and comparable instruments depended on the overlap between the constructs 

assessed by these instruments. As opposed to previous studies17,18 that used a single construct 

approach only to assess responsiveness, we used multiple approaches to triangulate our findings. 

Our results for construct validity and responsiveness were also based on a larger sample size than 

previous studies.  

 

The inadequate evidence for responsiveness of the SCT could be due to several reasons. 

First, responsiveness results depends on the approach used to assess it (we found support for 

responsiveness using the effect size and SRM approaches but not using anchor-based 

approaches). Second, responsiveness could also have been influenced by the right skewed SCT 

baseline data (i.e., a significant proportion of study participants had good baseline physical 

function), limiting the ability to improve meaningfully post-intervention, especially because 

participants were instructed to complete the task at their own preferred pace4. This may have 

affected the SCT scores by factors other than ability, such as habit, comfort, caution and safety. 

This is also supported by the fact that the SCT has been found to be responsive in post-surgical 

patients following hip and knee arthroplasty, who have much more severe baseline impairment 

and thus greater scope for improvement9. The literature indicates that fast-paced walk tests have 

greater responsiveness than self-paced walk tests1,17.  

 

Our study also adds novel findings related to the MIC of the 6-step timed SCT.  Using the 

anchor-based approach and our primary stringent criteria, we found that the MIC value (1.60 

seconds) was larger than the SDC value (1.21 seconds) suggesting that changes considered 

important to patients can feasibly be detected over and above measurement error. The median 

MIC value (1.37) derived using 0.35 effect size approach also exceeded the SDC value. 
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However, the range of MIC values obtained by different methods was wide (range 0.44 to 1.95), 

with several approaches providing a value less than the SDC. 

 

Although the SCT intuitively seems to be a useful test in clinical practice, as it directly 

assesses the ADL of stair climbing and is inexpensive and feasible to complete, we do not 

recommend using the 6-step SCT to track improvement in physical function over time in 

individuals with hip or knee osteoarthritis due to its inadequate responsiveness. Future studies 

may explore the responsiveness of the SCT on a subset of participants with more debilitating hip 

or knee osteoarthritis (i.e., on participants with greater room for improvement). Future studies 

may also examine the measurement properties of the SCT in other populations (e.g., neurological 

disorders) or settings (e.g., community or telehealth settings), and responsiveness and MIC 

related to worsening (or deterioration).  

  

The 6-step timed SCT is a reliable and valid physical performance test to assess physical 

function in individuals with hip and knee osteoarthritis assessed in outpatient physiotherapy 

settings; however, there is inadequate support for its responsiveness. We do not recommend its 

use as an outcome measure to track improvement in physical function in individuals with hip or 

knee osteoarthritis.  
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Table 2. Measures used and constructs assessed.  
Tests Construct assessed Data available from  

Strength Speed Power Balance Physical 
function 

Bennell 
2014a 13 
(n=100) 

Bennell 
2014b 7 
(n=102) 

Bennell 
2010 12 
(n=89) 

Lim 
2008 14 
(n=107) 

Stair climb test* √ √ √ √ √ √ √ √ √ 
 

30 second sit-to-
stand test* 
 

√ √ √ - √ √ √ - - 

40m fast-paced 
walking test* 
 

- √ - - √ - √ - - 

Step test* 
 

√ √ √ √ √ √ √ √ √ 

4-square step test* 
 

- √ - √ √ √ √ - - 

Quadriceps strength* 
 

√ - - - √ √ √ √ √ 

WOMAC-function** 
 

- - - - √ √ √ √ √ 

*Physical performance tests; **Self-reported measure.  
Abbreviation: WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index. 
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Table 3. Descriptive statistics  
Variables  N (%) Mean (SD) 
Participants from    
Sex   
  Men 182 (46%)  
  Women  215 (54%)  
KL Grade   
  Grade 2  137 (35%)  
  Grade 3 126 (32%)  
  Grade 4  134 (34%)  
Age (years) 397 63.76 (7.97) 
Duration of symptoms in (years) 397 6.17 (5.63) 
BMI (kg/m2) 397 28.98 (4.51) 
Timed Stair Climb Test Baseline score (s) 397 9.24 (3.90) 
Timed Stair Climb Test Follow-up score (s) 342 8.48 (3.34) 
WOMAC Function Baseline score 397 26.82 (10.56) 
Quadriceps Strength Baseline (Nm/kg) 390 1.37 (0.50) 
30s Sit-to-Stand Test Baseline  (number of 
repetitions) 

201 10.17 (2.70) 

40m Fast-paced Walking Test Baseline (m/s) 100 1.63 (0.34) 
Step Test Baseline (number of steps) 397 13.67 (3.64) 
4-Square Step Test Baseline (s) 200 9.24 (2.61) 
Abbreviations: KL, Kellgren Lawrence Scale; BMI, Body Mass Index, WOMAC, Western 
Ontario and McMaster Universities Osteoarthritis Index 
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Table 5. Hypothesis testing for construct validity  
Number Test Interpretation of 

score 
A priori hypothesis N rho 

 
Was 

hypothesis 
met?  

1 WOMAC physical 
function score  

Higher scores indicate 
poorer physical 
function 

Positive moderate or 
strong correlation 

397 0.267*  No 

2 Quadriceps muscle 
strength test 

Higher scores indicate 
better physical function 

Negative moderate or 
strong correlation 

390 -0.502**   Yes 

3 30 second sit-to-
stand test 

Higher scores indicate 
better physical function 

Negative strong 
correlation 

201 -0.683** 
 

 Yes 

4 40m fast-paced 
walking test 

Higher scores indicate 
better physical function 

Negative moderate or 
strong correlation 

100 -0.832** 
 

 Yes 

5 Step-test  Higher scores indicate 
better physical function 

Negative strong 
correlation 

397 -0.547** 
 

 Yes 

6 4-square step test Higher scores indicate 
poorer physical 
function 

Positive strong 
correlation 

200 0.728** 
 

 Yes 

Note: All correlations tested were using baseline data from all four trials whenever the data was available.  
rho, Spearman Correlation Coefficient for non-normally distributed Stair Climb Test data; n, sample;  
*Correlation is significant at the 0.05 level (2-tailed); ** Correlation is significant at the 0.01 level (2-tailed). 
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Table 1. Study characteristics  

Trial OA site  N Trial arms Inclusion criteria Exclusion criteria 
Bennell 
2014a 13 

Medial knee 
osteoarthritis 

100 Arm 1: 
Neuromuscular 
exercise  
Arm 2: 
Quadriceps 
exercises 

1. Age ≥50 years 
2. Average knee pain greater 

than or equal to 25 on a 
100mm VAS 

3. Pain and tenderness 
predominantly over the 
medial knee region,  

4. Radiographic medial 
tibiofemoral osteoarthritis. 

1. Knee intra-articular injection or surgery in the 
past 6 months 

2. Corticosteroids orally in the past month 
3. Systemic arthritis 
4. Knee joint replacement or tibial osteotomy 

surgeries 
5. Other non-pharmacological interventions in the 

past six months 
6. BMI of >36 kg/m2. 

Bennell 
2014b 7 

Hip 
osteoarthritis 

102 Arm 1: 
Physiotherapy 
including 
education, 
advice, manual 
therapy, home 
exercise, gait 
aid if 
appropriate.  
Arm 2: Sham 
treatment 
(inactive 
ultrasound) 

1. Age ≥50 years 
2. Hip osteoarthritis meeting the 

ACR criteria of pain and 
radiographic changes 25 

3. Pain in groin or hip for more 
than 3 months 

4. Average pain intensity in past 
week of at least 40 on a 
100mm VAS and 

5. At least moderate difficulty 
with daily activities. 
 

1. A prior hip or knee replacement 
2. Other lower limb surgeries or other interventions 

(physiotherapy or chiropractic treatment) for hip 
or lumbar spine or both in the past 6 months 

3. Walking 30 minutes continuously daily 
4. Underwent regular exercises more than once 

weekly.   
 

Bennell 
2010 12 

Medial knee 
osteoarthritis 

89 Arm 1: Hip 
strengthening 
exercises 
Arm 2: Control 
group (no 
intervention) 

1. Age >50 years 
2. Osteoarthritis of one or both 

knees 
3. Met the ACR criteria for 

osteoarthritis of knee 26 
4. Average knee pain on walking 

>3 on am 11-point scale 
5. Medial knee pain and medial 

compartment osteophytes or 
medial joint space narrowing 
to ensure medial compartment 
osteoarthritis 

6. Knee alignment ≤182 degrees 
on a standardized semi-flexed 
PA X-ray. 

 

1. No or doubtful radiographic OA (KL grade 0 or 
1) 

2. Knee intra-articular injection or surgery in the 
past 6 months 

3. Corticosteroids orally currently or in the past 
month 

4. Systemic inflammatory arthritis 
5. A prior hip or knee replacement or tibial 

osteotomy 
6. Intention to start of currently participating in 

supervised lower limb strengthening programme.  
7. BMI of >35 kg/m2 
8. Medical condition that precludes from 

participation in exercise programme 
9. Unable to walk without gait aid.  
 

Lim 2008 
14 

Medial knee 
osteoarthritis 

107 Arm 1: 
Supervised 
home based 
quadriceps 
strengthening 
exercises 
Arm 2: Control 
group (no 
intervention) 

1. Osteoarthritis of one or both 
knees fulfilling the criteria 
from the ACR 27.  

2. To ensure medial knee 
osteoarthritis, participants 
were required to report medial 
knee pain, and show medial 
joint space narrowing greater 
than lateral joint space 
narrowing. 
 

1. History of lower limb joint replacement 
2. Knee surgery within the previous 6 months 
3. Intraarticular steroid or hylan G-F 20 injection 

within the previous 6 months 
4. Systematic arthritic condition 
5. More than 5 degrees of valgus malalignment on 

radiograph 
6. Intention to start or current participation in 

physiotherapy for knee OA or lower limb 
strengthening programme  

7. Presence of severe medical condition that 
preclude safe participation in exercise 
programme.   

Abbreviations: OA, Osteoarthritis; VAS, Visual Analog Scale; PA, posteroanterior; BMI, Body Mass Index; KL, Kellgren Lawrence Scale; N, 
Total number of participants recruited (one participant in Bennell 2014b did not complete the SCT at baseline and was therefore excluded from the 
analysis).  
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Table 4. Hypothesis testing for construct validity  
Number Test Interpretation of 

score 
A priori hypothesis N rho 

 
Was 

hypothesis 
met?  

1 WOMAC physical 
function score  

Higher scores indicate 
poorer physical 
function 

Positive moderate or 
strong correlation 

397 0.267*  No 

2 Quadriceps muscle 
strength test 

Higher scores indicate 
better physical function 

Negative moderate or 
strong correlation 

390 -0.502**   Yes 

3 30 second sit-to-
stand test 

Higher scores indicate 
better physical function 

Negative strong 
correlation 

201 -0.683** 
 

 Yes 

4 40m fast-paced 
walking test 

Higher scores indicate 
better physical function 

Negative moderate or 
strong correlation 

100 -0.832** 
 

 Yes 

5 Step-test  Higher scores indicate 
better physical function 

Negative strong 
correlation 

397 -0.547** 
 

 Yes 

6 4-square step test Higher scores indicate 
poorer physical 
function 

Positive strong 
correlation 

200 0.728** 
 

 Yes 

Note: All correlations tested were using baseline data from all four trials whenever the data was available.  
rho, Spearman Correlation Coefficient for non-normally distributed Stair Climb Test data; n, sample;  
*Correlation is significant at the 0.05 level (2-tailed); ** Correlation is significant at the 0.01 level (2-tailed). 
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Table 6. Responsiveness hypotheses and results  
Approach Hypothesis N  Results  Was 

hypothesis 
met? 

Summary of hypothesis 
testing results 

 
Approach 1: 
Construct 
approach 
using 
correlations 
of the SCT 
change score 
with change 
scores of 
comparator 
measures 

Positive moderate or strong 
correlation with WOMAC 
physical function score  

342 r = 0.321** Yes  
 

Hypothesis not met  
 

(only 4 of 6 hypotheses 
(67%) were met)  

Negative moderate or strong 
correlation with Quadriceps 
muscle strength test 

332 r = -0.251** No 

Negative strong correlation 
with 30 second sit-to-stand test 

169  r = -0.507** Yes 

Negative moderate or strong 
correlation with 40m fast-paced 
walking velocity test 

89  r = -0.649** Yes 

Negative strong correlation 
with Step test 

341 r = -0.370** No 

Positive strong correlation with 
4-square step test 

166 r = 0.533** Yes 

 
Approach 2: 
Using ROC 
curve method 

 
 
AUC at least 0.70 based on 
criterion approach 
 

108 Primary analysis (using 
stringent criteria): AUC 
= 0.628 (95% CI: 0.523, 
0.734)  

 
 

No 
 

Hypothesis not met 

239 Sensitivity analysis 
(using relaxed criteria): 
AUC = 0.587 (95% CI: 
0.498, 0.675) 

Approach 3: 
Using Effect 
sizes (ES) † 

ES of the SCT would lie ± 0.10 
of the range of ES of the 6 
comparator measures of 
physical function 

89 to 
368 

ES of the SCT was 
0.20 (range of ESs of 
other 6 tests 0.20 to 
0.53). 

Yes Hypothesis met 

Approach 4: 
Using SRM 
approach † 

SRM of the SCT would lie ± 
0.10 of the range of SRM of 
other 6 measures of physical 
function 

89 to 
368 

SRM of the SCT was 
0.35 (range of ESs of 
other 6 tests 0.31 to 
0.59)  

Yes Hypothesis met 

Approach 5. 
Difference 
between the 
stable and 
improved 
groups and 
the SCT mean 
changes for 
different 
GRoC 
responses 

Approach 5a. Mean difference 
between stable and improved 
groups would be greater than 
SDC values.  
 

108 Stringent criteria: MD= 
-1.00 (95%CI: -1.69, -
0.32) 

 
 

No 
 

 
Hypothesis not met 

239 Relaxed criteria: MD= -
0.83 (95%: -1.49, -0.16) 

Approach 5b. The SCT mean 
change scores would be more 
for greater improvement 
reflected in the GRoC 
responses.  

239 The SCT mean change 
scores increased 
monotonically from 
slightly worse to much 
better (see Online 
Figure 6). 

Yes 

Summary results for responsiveness Only 2 of 5 hypotheses 
(40%) met  

Note: Baseline and follow-up data from Bennell 2014a 13, Bennell 2014b 7, and Bennell 2010 12 were used. Lim 2008 14 data were 
excluded for approach 2 because they did not include a GRoC scale.  
Abbreviations: CI: Confidence Interval; WOMAC, Western Ontario & Macmaster osteoarthritis index; ES, Effect sizes; r, 
Correlation Coefficient (Pearson or Spearman); n, sample; ROC, Receiver Operating Characteristic; AUC, Area Under the Curve; 
SRM, Standardised Response Mean; MD, mean difference; SDC, Smallest Detectable Change.  
Correlations (absolute value) between 0.30 and 0.49 were considered ‘moderate’, and 0.50 and higher ‘strong’. 
** Correlation is significant at the 0.01 level (2-tailed). 
† Full results presented in Supplementary Table 2.  
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