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Measurement instruments

Body function measures

Strength: The Biodex System 4 dynamometer (Biodex Medical Systems Inc., NY, USA) produced similar values as the Cybex dynamometer for maximum knee extensor strength in concentric mode at 60°/s in healthy male adults (1). Herein, high-to-very-high reproducibility for concentric peak strength (ICC 0.92) with small difference between dynamometers (SEM 3.7 Nm; CV 5.3%). In healthy people mean aged 71 years, the test-retest ICCs of the isokinetic quadriceps strength were high (0.81-0.99), indicating good to very good reliability, and most SEM and rate of limit of agreement indexes indicated acceptable agreement (2).

The 6 Minute Walk distance Test (6MWT) is an objective measure of sub-maximal aerobic capacity and walking ability. In a psychometric study of individuals with KOA, pooled mean [SD] was 548.2 [86.6] m (3). Between-rater and within-rater reliability were good [relative ICC 0.94, 0.93] and absolute reliability adequate [standard error of measurement (SEM) 21.3m (3.9%), 18.1m (3.3%)] (3). In individuals after total knee replacement (TKR), absolute reliability by SEM of 26.3 m, minimal detectable change (MDC) of 61.3 m, and excellent test-retest reliability (ICC 0.94) were documented (4). Further, minimal clinical important difference (MCID) was 26-55 m for mobility 26 weeks post TKR (5). For elderly individuals, MDC of 20 m and MCID of 50 m were documented (6).

30 seconds Chair to Stand Test (n30sCST) [n = number of stands]: It assesses functional lower extremity strength or fitness (3). In a psychometric study of individuals with KOA, mean (SD) of has been 11.6 (2.7) number of stands (3). It has proven good between-rater reliability, adequate size of measurement error (3) and responsiveness in individuals with KOA to post TKR (7) and MCID in individuals with HOA of ≥ 2.6 repetitions (8). 

Timed max 30sec single-leg stance (T30sSLS): It tests the static balance of individuals in a sensory integration taxing condition (9). It has documented good between-rater reliability and within-rater reliability for individuals with hip osteoarthritis (HOA) (10). Further, good test-retest and between-rater reliability for healthy adult women with eyes open (11). Convergent validity was r = 0.71 with the Community Balance and Mobility Scale (12). Normative data for a healthy mixed population ranged 16-37 were mean (SD) 20 (3) seconds (13). In the present study, we recorded the time for single leg standing by two force plates (Kistler, NY, USA).

Numeric Pain Rating Scale (NPRS) is a unidimensional scale, 0-10, best to worst. In a psychometric study of individuals with KOA, mean (SD) was 5.3 (1.8) for average knee pain last week (3). It has shown good reliability (ICC 0.89), small measurement error (SEM 0.71 point) and MCD of 1.96 points in individuals with KOA (14). Further, MCID of 1 to 4 points (15-28%) in mixed chronic pain populations including KOA (15-17). Our study applied the time frame ‘on average the last week’.

Sleep and Vitality: Self-reported Sleep quality and Vitality were both registered by a 1 to 5 custom made Likert scale. For Sleep, 1) “I sleep normally, wakens afresh, and have no problem sleeping”, 2) “I have mild sleep problems, f. ex. difficulty falling asleep or wake up sometimes at night”, 3) “I have moderate sleep problems, f. ex. disturbed sleep or feel that I havn’t slept enough”, 4) “I have severe sleep problems, f. ex. need sleep medication often or regularly, or awakens at night and or too early in the morning”, and 5) “I suffer from serious insomnia”. For Vitality, 1) “I feel healthy and energetic”, 2) “I feel mildly tired, sleepy, or weak”, 3) “I feel moderately tired, sleepy, or weak”, 4) “I feel extremely tired, sleepy, or weak, almost exhausted”, 5) “I feel extremely tired, sleepy or weak, totally exhausted”, respectively.

KOOS-Pain: In methodological studies of individuals with KOA, the pooled mean [SD] score was 51 [18] (18). Construct validity, correlation with Short Form 36 (SF-36) pain, physical function, role-emotional, mental health, were reasonable for individuals with KOA (18). Internal consistency was good (Cronbach's α 0.9) and SEM 9.5 (18).

KOOS-symptoms: In methodological studies of individuals with KOA, the pooled mean [SD] score was 52.9 [18.4] (18). For construct validity, correlation with Short Form 36 (SF-36) pain, physical function, role-emotional, and mental health, were reasonable (18). Further, internal consistency was good (by Cronbach's α 0.87), SEM 7.6, and SDC 21.2.

Kinesiophobia, or debilitating fear of movement, was assessed using 13 of 17 questions of the Tampa Scale of Kinesiophobia (TSK) that is found adequately reliable and valid in individuals with low back pain (19, 20). The TSK-13 scores 13 to 52, best to worst, where subclinical range is suggested as 13 to 22 points, mild as 23 to 32, moderate as 33 to 42, and severe as 43 to 52 (21).

Borg’s Rating of Perceived Exertion, Category Ratio 10 (RPE-CR10), scaled 0 to 10, nothing at all to extremely strong (22), is widely used to subjectively quantify the perception of the physical demands of an activity. Originally validated against heart rate (r = 0.80–0.90), later extensively validated (23-25), f. ex. in individuals with fibromyalgia (26) and recovering athletes (27). This measure was used together with some performance tests (as specified in the main paper). 

Endurance was evaluated by 6MWT and the RPE-CR10 (see 6MWT under Activity). 

Within the ICF, we classified the n30sCST to the body function level, because it doesn’t include “the ability to move around” (28) and “the ability to perform daily activities” (29). This in contrast to for example Dobson et al. (2017), whom classified it as an activity (3). 


Activity measures

Timed 9-12 step up and down stair climb test (T10StUpDw or T10SCT): In a systematic review, Dobson et al. (30) reported the following: “Evidence for stair negotiation tests [and other performance tests] was limited by small sample sizes or inappropriate time intervals between repeated testing.” (p. 1555). They concluded: “Only evidence of construct validity was reported for the 12 step stair test for knee OA. Given the current limited evidence of stair negotiation tests, recommendations about which tests might be more useful cannot be made.” (p. 1558). However, for the SCT performed as timed up and down 9 stairs in 21 individuals awaiting TKR/THR, Kennedy et al. (4) documented the following: Preoperative time mean (SD) 17.1 (8.2) seconds, responsiveness by SRM pre-post (95% CI) of -1.74 (-2.13, -1.45) seconds, absolute reliability as SEM (95% CI) 2.35 (1.89, 3.10) seconds, MDC90 of 5.49 seconds, and excellent reliability by ICC (95% CI) 0.90 (0.79, 0.96). Their test-retest interval was 91 days. Further, for a SCT performed as up and down 12 step test in 100 individuals awaiting TKR, Mizner et al. (31) supported its construct validity by moderate negative correlation with knee extension strength (r = −0.46, highly significant) and poor correlation with a PROM, both as predicted. They also reported that one-month post TKR, the order of responsiveness, from largest to smallest effect size of change (either improvement or worsening), respectively, was SCT, 6MWT, TUG, Knee Outcome Survey–Activities of Daily Living Scale. Moreover, for a timed 9 step up and down SCT in 25 individuals with KOA from the community, Rejeski et al. (32) documented excellent test-retest reliability coefficient (r = 0.93), given a test-retest interval of 14 days. Herein, construct validity was supported by moderate positive correlation with the patient-reported outcome measure (PROM) Functional' Performance Inventory for ambulation/climbing (FAST) [unadjusted (adjusted) 0.48 (0.35)], and by negative correlation with knee extension strength [unadjusted (adjusted) -0.51 (-0.20)]. However, in support of the view given in the systematic review by Dobson et al (2012), is a study (3) on a timed-11-step-up-and-down SCT in 50 individuals with moderate KOA-and-HOA. Here Dobson et al. (2017) documented that their SCT did not meet their preset minimal acceptable level for relative between-rater reliability or within-rater reliability [ICC 0.78, lower 1-sided 95% CI 0.67; 0.78, 0.50), respectively]. Their absolute reliability was SEM of 1.00 or 8% (95% CI 0.83, 1.24). Their test-retest interval was one week. In sum, however, evidence indicate reasonable measurement properties for a timed 9-12 step up and down stair climbing test for individuals with moderate to severe KOA in adults. 


The Timed up and go (TUG) assesses mobility, balance, walking ability, and fall risk (9). In individuals with KOA, the mean (SD) was 8.4 (1.4) seconds (3). It demonstrated high within-rater and between-rater reliability (ICC 0.97, 0.96), low SEM (0.16 sec or 8.0%), MDC of 1.10 sec and 1.14 sec, respectively (3, 33). In people with TKR, the test-retest reliability was fair (ICC 0.75) and standardized response mean (SRM) 1.04 seconds (4). Convergent validity with Community Balance and Mobility Scale was r -0.74 (12). In HOA, the MCID after physiotherapy was of 0.8 to 1.4 seconds (8, 34).   
 
KOOS-ADL: In psychometric studies, its mean (SD) score was 54.2 (18.6) for individuals with KOA (18), construct validity correlated sensibly with Short Form 36 (SF-36) pain, physical function, role-emotional, mental health (18). Internal consistency was good (Cronbach's α 0.89), SEM 8.6, and SDC averaged 24 points (18).

KOOS-Sports/Rec: In KOA individuals, its mean [SD] score was 21.9 [24.9] (18). For construct validity sensible correlation with Short Form 36 (SF-36) pain, physical function, role-emotional, and mental health were documented in individuals with KOA (18). Further, internal consistency was adequate (Cronbach's α 0.83), SEM 17.7, and smallest detectable difference (SDC) 49.1. 

According to a systematic review, users of KOOS can be confident of content validity, internal consistency, test-retest reliability, construct validity and responsiveness for age- and condition-relevant subscales (18).


Patient specific functional scale (PSFS): For individuals with knee dysfunction, the sensitivity to change was adequate (ICC 0.77), test-retest reliability good, and SEM 1.0 point [90% CI MDC 2.5 points] (35). In patients with TKR, the SRM at 3 months and 1 year were 0.96 and 1.48 points, respectively (36). These authors concluded the reliability of the PSFS was good and the responsiveness high.


Practical application of performance tests
A description of each of the OARSI recommended performance based test (30sCST, 40mFPWT [not assessed in the present study], SCT [i.e., a 11 Steps Up and Down Climb test], 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.

Participation measures

KOOS-QoL: In individuals with KOA the mean [SD] score was 35.1 [19.2] (18). For construct validity, sensible correlation with Short Form 36 (SF-36) pain, physical function, role-emotional, and mental health were documented (18). Internal consistency by pooled Cronbach's α was 0.84, SEM 9 points, and finally SDC 24.9.

The European Health Interview Survey-Quality of Life 8-item index [EUROHIS-QoL] (37) is an free generic QoL-measure developed from the WHOQoL-BREF (38), again developed from the WHOQoL 100-item questionnaire (39). KV reduced the Norwegian WHOQOL-BREF (40) into the EUROHIS-QoL 8-item index. Its scale is 8-40 points, worst to best. In individuals after hip and knee replacement, EUROHIS-QoL 8 showed high internal consistency (α = 0.86), adequate convergent validity against WOMAC (r = 0.47-0.82), and adequate discriminant validity (41). Further, it showed adequate properties for evaluating general health and function and psychosocial aspects of QoL, as well as minimal ceiling effects (41). And it has shown good cross-cultural performance and satisfactory convergent and discriminant validity across 10 European countries (37).

The Örebro Musculoskeletal Pain Screening Questionnaire (OMSPQ) was developed as a tool to identify yellow flags and patients in risk of work disability due to pain (42, 43). The OMSPQ has 25 items with satisfactory psychometric properties and predictive ability (44). More recently, a short form of the OMPSQ (OMPSQ-10) has been developed, improving its clinical utility due to its shorter length and similar psychometric properties in a mixed musculoskeletal population (45). OMPSQ-10’s scale is 1-100, best to worst. 

Activity intensity logging: The AX3 3D accelerometer sensor (Axivity, Newcastle, UK) is sized 23×32.5×7.6 mm and weights 11 g. AX3 was the most accurate accelerometer during walking compared to two similar sensors recommended for such analysis (46). Further, when placed on the thigh and upper back, and sampled at ~100 Hz, it was highly valid against video recordings in a lab environment (47). When a single thigh accelerometer was used, as in the present study, the accuracy of walking and running activities remained stable (47). 

Data processing

Cutpoints for ADL-intensities from accelerometers

The cutpoints for the four activity intensity levels were: sedentary < 1.5 Metabolic Equivalents of Tasks (METs), light > 1.5 < 3.99, moderate > 3.99 to < 6.99, and vigorous > 6.99. Data were given as times in specific intensities of physical activity (PA). That is, in relation to the rate of energy produced per unit surface area of an average person seated at rest (1 MET = 3.5 ml O2×kg-1×min-1, or 58.2 W/m2).


Statistics

Hopkins’ scale (48) of interpretation of effect sizes of Cohen’s d (trivial < 0.2, small ≥ 0.2, moderate ≥ 0.6, large ≥ 1.2, very large ≥ 2.0, near perfect ≥ 4.0, perfect = infinite). Rosner’s scale (49) for interpreting p-values of hypothesis tests: The If: .01 ≤ p < .05 significant, .001 ≤ p < .01 highly significant, .0001 ≤ p < .001 very highly significant, and if p < .0001 extremely highly significant. If p > .05, then the results are considered not statistically significant.

Test team and supervisors
The test team consisted of a phd-student physiotherapist with 4 years of clinical experience (KV), two master students of movement science (EBK, AL), and a bachelor student of physiotherapy (TMBM). The team had two experienced supervisors (AKS and DR, see Acknowledgement).
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