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ABSTRACT

INTRODUCTION. Stair-climbing tests (SCT) assess stair negotiation in knee osteoarthritis (OA). The minimal important change
(MIC) is a measure of interpretability. The MIC of the nine-step SCT for patients with knee OA has not been established. In a
secondary analysis from a randomised controlled trial, we aimed to estimate the MIC of the nine-step SCT in patients with
knee OA after 12 weeks of neuromuscular exercise.

METHODS. In a previously reported randomised controlled trial, knee OA patients not eligible for knee arthroplasty were
randomised to a 12-week neuromuscular exercise intervention with/without additional low-dose strength training. SCT data
were collected at baseline and after 12 weeks. Self-reported experience of change in the patient’s knee problem was
measured with the seven-point anchor question Global Perceived Effect Score (GPE) at 12 weeks. Among the 90 patients
included at baseline, 72 had complete follow-up data. In this secondary analysis, an adjusted MIC estimate was calculated
using predictive modelling.

RESULTS. The mean SCT time at baseline was 12.6 (± 5.5) seconds, and the mean change in SCT at 12 weeks was 2.6 (± 3.3)
seconds. The adjusted MIC value (95% CI) for improvement was 2.2 seconds (95% CI: 1.5; 3.0) for the nine-step SCT.

CONCLUSIONS. The 2.2-second MIC value for the nine-step SCT in knee OA patients may be considered a first indicator of the
magnitude of minimal improvement that the average patient would find important.

FUNDING. None.

TRIAL REGISTRATION. ClinicalTrials.gov NCT03215602.

Reduced function and pain are hallmark knee osteoarthritis (OA) symptoms, often affecting the ability to climb
stairs [1, 2]. Exercise interventions are effective in reducing pain and improving function [3] and are
recommended first-line treatments across guidelines [4]. Stair climb tests (SCT) are inexpensive and easily
applicable assessments of functional capacity in knee OA [1, 2] and are available in different modalities [2, 5-7],
with the nine-step SCT being one of the performance tests recommended by the Osteoarthritis Research Society
International [2].

The minimal important change (MIC) is a measure of interpretability defined as the smallest within-person
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change in a score over time that a patient both perceives as a change and assesses as important [8]. An anchor-
based approach to MIC estimation combines the functional test with an external patient-reported instrument to
assess the importance of change. Several anchor-based methods exist; however, a predictive modelling approach
may yield the most precise estimates [9].

The MIC value has been established for several knee OA outcome measurements [10]. Despite its high clinical
feasibility and relevance in trials and clinical practice as a measure that eases the clinical interpretation of
treatment results, the MIC for the nine-step SCT has yet to be determined [11]. Firstly, we aimed to estimate the
MIC of the nine-step SCT in patients with knee OA who were not eligible for knee arthroplasty following a 12-
week exercise intervention with/without additional low-dose strength training using predictive modelling.
Secondly, we aimed to estimate the proportion of responders, i.e. patients achieving a change score above the
MIC in the same cohort.

METHODS

Study design

This study was planned and reported in accordance with the COSMIN reporting guideline for studies on
measurement properties [12] and is a secondary analysis of data from a previously published randomised
controlled trial [13]. We used data from a trial conducted in Denmark between July 2017 and October 2018. The
primary report of this trial has been published elsewhere [13]. In brief, patients with symptomatic and
radiographic (Kellgren-Lawrence grade ≥ 2) knee OA who were ineligible for knee replacement surgery were
randomised to 12 weeks of neuromuscular exercise and education (NEMEX-EDU) with/without additional low-
dose strength training delivered by trained physiotherapists. NEMEX-EDU was identical to the “Good Life with
osteoArthritis in Denmark” (GLA:D) programme [14]. A total of 90 participants were randomised into two groups.
Among the 77 who participated in the follow-up, 72 (31 in the intervention group; 41 in the control group) had
complete data (Figure 1). Data were collected at baseline and at a 12-week follow-up. The primary outcome of the
trial was change in the Activities of Daily Living domain of the Knee Injury and Osteoarthritis Outcome Score
(KOOS) [15]. The change in nine-step SCT was one of several secondary outcomes.
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Patient characteristics and measurements

Baseline data were collected on sex, age, BMI, pain and all five KOOS subscales. The SCT was performed at
baseline and at 12 weeks, supervised by a single trained assessor. The total time in seconds (to the nearest tenth)
to descend and ascend nine steps (step height of 20 cm) at a safe pace was recorded by the assessor using a
stopwatch. The participant was instructed to descend nine steps to the stairway landing, turn swiftly and climb
the same nine steps. Use of handrails for safety was allowed. The test was conducted after the assessor had
demonstrated the test.

Anchor question

The anchor questionnaire data were collected at follow-up using a generic Global Perceived Effect (GPE)
instrument [16]. The participants rated how much their knee problems had improved from the initial baseline on
a seven-point Likert scale. The response options were as follows: 1) Worse, an important deterioration, 2)
somewhat worse, enough to be an important deterioration, 3) very small deterioration, not an important
deterioration, 4) same, 5) very small improvement, not an important improvement, 6) somewhat better, enough
to be an important improvement, and 7) better, an important improvement.
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Ethics and data sharing statement

The trial was registered with ClinicalTrials.gov (ID: NCT03215602) and approved by the Danish Scientific Ethical
Committee, Region Zealand (SJ-517) and the Danish Data Protection Agency (REG-61-2016). The primary report is
published with supplementary material [13]. No additional data are available for this trial.

Statistics

The primary results of the original report found no statistically significant differences in the primary outcome
between randomisation groups [13]. In this secondary analysis, this was the starting point for the analysis plan.
Data were subjected to descriptive statistical analyses. We estimated frequencies of categorical variables, means
and standard deviations of continuous normally distributed variables, and medians with interquartile ranges for
non-normally distributed continuous variables. The SCT change score values were plotted across the answers to
the GPE question.

The GPE data were dichotomised into either not importantly improved (scores 1-5) or importantly improved
(scores 6 and 7) to establish the anchor. Before conducting a MIC analysis, two steps were undertaken to assess
its feasibility. First, anchor validity was assessed by calculating a correlation coefficient between the anchor and
the SCT change. Low or no correlation between the anchor and the SCT change score may yield imprecise MIC
estimates [17]. In accordance with recommendations, a correlation coefficient of ≥ 0.3 was set as satisfactory for
proceeding with an MIC analysis [18]. We examined the correlations between the anchor and baseline score, and
the anchor and follow-up score, since stronger correlations between these than between anchor and change
score may also compromise anchor credibility [17]. Secondly, to assess whether all participants could be
considered one cohort irrespective of randomisation group, dependency between randomisation group and the

dichotomised GPE question was assessed using a χ2 test. As both steps yielded satisfactory results, MIC was
estimated.

We used the predictive modelling approach [9] to estimate the MIC value. The predictive modelling approach
utilises a logistic regression analysis to establish the predictive MIC value (MIC(pred)) and allows for the
calculation of a 95% CI. By introducing an interaction term, the method can account for the potential effect
modification of the baseline test score on the change in test score [9].

The change in SCT corresponding to a likelihood ratio of 1 was estimated as the MIC(pred) value [9]. The
dichotomised anchor was the dependent variable in the analyses. The change in SCT was the independent
variable. We adjusted the MIC(pred) for the proportion of improved participants to calculate the adjusted MIC
(MIC(adj)) [9, 19] and calculated 95% CIs for MIC(pred) and MIC(adj) using nonparametric bootstrapping with
1,000 iterations.

To assess whether the MIC estimate depended on baseline SCT scores, an interaction term between baseline SCT
and SCT change score was included in the logistic regression analysis. Interaction was considered present at p <
0.05. The proportion of responders, i.e. patients achieving the MIC, was quantified. Statistical analyses were
performed using STATA version 17 (StataCorp LLC, TX, USA) and R version 4.5.1 (R Foundation for Statistical
Computing, Vienna, Austria).

Trial registration: ClinicalTrials.gov NCT03215602.

RESULTS

The mean age of the 72 participants with complete follow-up data was 65.5 ± 10.0 years, and 39 (54%) were
women (Table 1). Mean SCT at baseline was 12.6 ± 5.5 seconds, improving to 10.0 ± 4.8 seconds at follow-up with
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a mean change of 2.6 ± 3.3 seconds. A total of 58% perceived an important improvement (GPE scores 6 or 7) in
their knee problem. The distribution of SCT change scores across GPE responses is shown in Figure 2. The
Spearman correlation between SCT change and the anchor scores was 0.31 (p = 0.008), which exceeded the
threshold for estimating the MIC. The Spearman correlation between the anchor and the baseline score was –
0.05 (p = 0.66), and the correlation between the anchor and the follow-up was –0.28 (p = 0.016). No dependency
between the randomisation group and GPE score was found (p = 0.66). The MIC(pred) estimated using the
predictive modelling method was 2.3 seconds (95% CI: 1.7- 3.1 seconds). Adjusting for the 58% proportion of
importantly improved participants produced a MIC(adj) of 2.2 seconds (95% CI: 1.5; 3.0 seconds). The interaction
term between baseline SCT and change in SCT was not statistically significant (p = 0.32), indicating that the MIC
estimate was independent of baseline values. The proportion of responders was 40% (Table 2).
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DISCUSSION

This study presents the first estimate of the MIC for the nine-step SCT in mild-to-moderate knee OA patients
participating in 12 weeks of exercise, finding a MIC(adj) of 2.2 seconds. This estimate may represent the
minimum change in SCT score that an average patient with knee osteoarthritis, who is not eligible for knee
arthroplasty and has mild to moderate symptoms, would perceive as clinically important after 12 weeks of
exercise. This estimate may serve as a first indicator of a possible MIC value for this patient group undergoing
exercise-based interventions and may inform shared decision-making in clinical practice regarding expectations
of functional improvement in stair negotiation after 12 weeks of exercise. Furthermore, the MIC estimate may
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inform discussions regarding the expected number of responders, i.e. participants reaching the MIC value, in
knee OA clinical trials using exercise interventions.

Few other studies have reported MIC estimates for SCTs with different step numbers, using methods ranging
from distribution-based to ROC-based approaches.

In a six-step SCT MIC study, pooled data from four intervention studies for participants with knee or hip OA
conducted in an Australian population were used to calculate MICs using three methods [6]. The median MIC
estimate was 1.37 seconds. Baseline six-step SCT was 9.2 seconds, and follow-up SCT after 12 weeks of
intervention was 8.5 seconds.

Our study population may be comparable to the participants in this study regarding functional level and OA
symptoms, and the four pooled datasets provide a large study population. Our MIC estimate of 2.2 seconds for
the nine-step SCT is larger than that for the six-step test, which may seem reasonable, as one might expect a
larger MIC with more steps to complete. However, the differences between the two studies in terms of the
underlying conditions of the study population and the applied methodology mean that no such conclusion may
be inferred.

Another study estimated a four-step MIC of 3.21 seconds using ROC analysis in a predominantly female West
Asian population with mild to moderate knee OA undergoing a four-week training, manual and electro-therapy
intervention [7]. Baseline SCT was 16.5 seconds, and the change in SCT was 4.9 seconds. As indicated by the
baseline and change SCT values reported in the West Asian study, differences in functional level and
osteoarthritis severity between that population and ours seem to limit the expectation that the SCT MIC would
increase with greater stair-step counts.

Our findings regarding existing SCT estimates highlight the context-specific nature of MIC. All specificities
regarding tests and methodologies require close consideration when assessing the clinical and practical
interpretability of our MIC estimate, highlighting some limitations of this study.

Firstly, our sample size was smaller than the currently recommended 100 patients for robust MIC estimation
[17]. Also, the anchor question was disease- but not test-specific. This introduces some randomness in responses.
Ideally, the anchor question should align with the specific outcome measure. Furthermore, we could not rule out
all sources of potential bias. GPE scores may be at risk of recall bias [20]. We found a correlation between the
GPE scores and the SCT change that just reached the threshold for MIC estimation, while the correlation
between GPE and the follow-up score was nearly as large. Participants with an SCT change below the MIC value
were as likely to report an important improvement as participants above it. The distribution of GPE scores
(Figure 2) may suggest that participants were more likely to report improvement even with minimal changes,
which may limit the validity of our estimate. The original trial found a small but statistically significant
difference in SCT time between randomisation groups, pointing to a potential supplementary effect of additional
low-dose strength training on SCT performance, which may limit the generalisability of our MIC estimate.

While the study carries some limitations, it also has its strengths. In contrast to previous studies, we were able to
establish a 95% MIC CI using predictive modelling and to adjust for the proportion of participants who improved.
We used a consistent definition of MIC, avoiding further conceptual and methodological confusion about the
interpretability of change. Additionally, the use of the anchor-based method combined with predictive modelling
is a key strength of our study.

CONCLUSIONS

MIC estimates represent the smallest change in a score that the average patient perceives as important following
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an intervention. We found a MIC(adj) of 2.2 seconds for the nine-step SCT in knee OA patients, not eligible for
knee replacement surgery, undergoing a 12-week exercise-based intervention, with 40% being responders. This
MIC estimate may serve as a first indicator of the MIC for the nine-step SCT in this population. We invite
validation of our findings in larger studies overcoming the present limitations to allow for utilisation of the
estimate as the minimal threshold for treatment response in individual patients in intervention studies and
clinical practice. Our results may be used to guide discussions on further trial planning and considerations of the
expected proportion of responders.
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