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Minimal clinically important change and difference for knee osteoarthritis
outcome measurement tools after non-surgical interventions: a systematic

review

ABSTRACT

Objectives: To systematically review and provide estimates of the minimal clinically
important change (MCIC) and difference (MCID) for outcome tools in people with knee
osteoarthritis (OA) after non-surgical interventions.

Design: A systematic review.

Data sources: MEDLINE, CINAHL, Web of Science, Scopus, and Cochrane
databases were searched up to September 21, 2021.

Study selection and data synthesis: We included studies that calculated MCIC and
MCID using any calculation method including anchor, consensus and distribution
methods, for any knee OA outcome tool after non-surgical interventions. We used
quality assessment tools appropriate to the studies' methods to screen out low-quality
studies. Values were pooled and expressed as median and range, for each method.
Results: Forty-eight studies were eligible (anchor-k=12, consensus-k=1 and
distribution-k=35). MCIC values for 13 outcome tools including Knee injury and
Osteoarthritis Outcome Score (KOOS)-pain, activities of daily living (ADL), quality of
life (QOL) and Western Ontario and McMaster Universities Arthritis Index (WOMAC)-
function were estimated using five high-quality anchor studies. MCID values for 23
tools including KOOS-pain, ADL, QOL and WOMAC-function, stiffness and total were
estimated using six high-quality anchor studies. One moderate quality consensus

study reported MCIC for pain, function and global assessment. Minimum detectable
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change values (MDC, from distribution method estimates) for 126 tools including
KOOS-QOL and WOMAC-total were estimated using 38 good-to-fair-quality studies.
Conclusion: Median MCIC, MCID and MDC estimates were reported for outcome
tools in people with knee OA after non-surgical interventions. Clinicians and
researchers may consider these MCIC and MCID values when designing or
interpreting clinical trials.

PROSPERO registration number: CRD42020153962

Keywords: minimal clinically important change; minimal clinically important

difference; minimum detectable change; knee osteoarthritis
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Strengths and limitations of this study

We estimated MCIC (within-group), MCID (between-groups), and minimum
detectable change values using anchor, consensus, or distribution methods
papers respectively.

This systematic review included a defined population of people with knee OA,
after non-surgical interventions.

High-quality anchor studies were used to contribute to MCIC and MCID
estimates were assessed using a credibility tool specially designed to evaluate
anchor method papers.

Consensus and distribution methods papers were evaluated using quality
assessment tools suited to each method.

Median estimates were used to reflect the pooled data due to data skewness.
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INTRODUCTION

The efficacy of therapeutic interventions is commonly evaluated using statistical
significance regardless of clinical importance'. To understand whether differences in
outcome measures after treatment are clinically important, it is necessary to know
what constitutes a minimum important change or difference for the individual or cohort.
These changes and differences are called the minimal clinically important change
(MCIC) and difference (MCID). There are numerous outcome measures for knee
osteoarthritis (OA) and many estimates of MCIC and MCID. However, these estimates
can arise from different methodologies leading to variability, confusion and
misinterpretation?°. Achieving clarity in this space is crucial as these values are used
in regulatory and clinical decision making®’. This systematic review aimed to provide
estimates of MCIC and MCID for knee OA outcome measurement tools in people with

knee OA after non-surgical interventions.

MCIC and MCID are defined as the minimum value of an outcome measure
that the patient, clinician or relevant others perceive as an important change or
difference*89. The MCIC is defined as the change in a clinical outcome measure within
a single group or an individual over time. In contrast, MCID describes the difference
between independent groups (for example, control versus treatment groups) or
between individuals*1%-12, However, the terminology of MCIC and MCID is used
inconsistently'3. The concept was first described by Jaeschke, who studied patients’
perceptions of pre- and post-intervention beneficial change8. This concept later
included both improvement' and worsening'. Other commonly used terms are

“‘minimal important change” for MCIC and “minimal important difference” for MCID.
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Three methods are used to estimate MCIC and MCID: anchor, consensus and
distribution®'6. For the anchor method, MCIC or MCID values are estimated using
patients’ responses where values of the outcome measure are related to an externally
validated scale or ‘anchor’'”. The “global rating of change” is commonly used as the
anchor in this method. The receiver operating characteristic (ROC) method for deriving
an estimate from anchor questions has been suggested to be more precise for clinical
settings than the mean change method®'S. In the consensus method, values are
directly estimated by a group of experienced clinicians or patients until a consensus is
achieved®. In the distribution method, values are estimated statistically, based on the
variance of the outcome data using half the standard deviation (SD)'8, one standard
error of measurement (SEM)'® or minimum detectable change (MDC) which is based
on SEM®20_ The anchor method is widely considered to be the most valid because it
is associated with a definition of minimal importance and is based on patient

perception'6:21,

Knee OA is a common cause of pain and disability?2. Outcome measurement
tools that include the domains of pain, physical function, patient global assessment
and imaging are recommended to determine the efficacy of therapeutic interventions
in knee OA studies?3. MCIC and MCID values have been estimated for knee OA
outcome measures in these domains using anchor, consensus, and distribution
methods with variable results. The variability of the methods used makes the selection

of an appropriate estimate confusing for clinicians, researchers and regulatory bodies?

4-
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The primary objective of this systematic review was to estimate MCIC and
MCID for knee OA outcome measurement tools based on pooled estimates from high-
quality anchor studies only. Secondary objectives were to determine MCIC and MCID

estimates based on consensus and distribution methods including MDC outcomes.

METHODS

This systematic review was designed and reported according to the Preferred
Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) statement?*.
The protocol was registered on PROSPERO (registration number:

CRD42020153962).

Literature search

Five databases (MEDLINE, CINAHL, Web of Science, Scopus and Cochrane)
were searched from each database’s respective inception up to September 21, 2021.
A comprehensive search strategy was developed to capture all relevant articles, and
database-specific MESH terms were used. The search strategy was as follows. (*knee
OR genu OR tibiofemoral OR patellofemoral) AND (osteoarthr* OR degenerat*) AND
("MCIC" OR "MCID" OR "MCII" OR "MIC" OR "MII" OR "MPCC" OR "MPCD" OR
"MPCI" OR "MDC" OR "SDC" OR "SDD" OR "CIC" OR "CID") OR ("minim* clinical*
important change™ OR "minim* clinical* important difference* OR "minim* clinical®
important improvement®™ OR "minim* important change* OR "minim* important
difference*™ OR "minim* important improvement™ OR "minim* perceptible clinical*
change*" OR "minim* perceptible clinical* difference™ OR "minim* perceptible clinical*

improvement*™ OR "minim* detectable change*" OR "small* detectable change* " OR
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"small* detectable difference* " OR "clinical* important change®™ OR "“clinical*
important difference*")). The records were exported to EndNote version X9.2 for

reference management.

Study screening and selection criteria

Covidence software (Covidence systematic review software, Veritas Health
Innovation, Melbourne, Australia (www.covidence.org) was used to manage the
selection process. Records identified in the search were uploaded and duplicates were
removed. Screening of titles and abstracts, then full texts, were performed
independently by two reviewers (DS and JC) and conflicts were resolved by a third
reviewer (JS). Included studies incorporated any design that calculated MCIC and
MCID for any knee OA outcome measurement tool considering improvement after
non-surgical intervention for adults with knee OA, and using any calculation method:
anchor, consensus or distribution methods. We included studies that reported MDC
because MDC is considered as an estimate from the distribution method3. We
considered studies with MCIC or MCID values for improvement only and excluded
values for deterioration because improvement values are used to evaluate the efficacy
of treatment. Studies were excluded if the data from participants with knee OA could
not be separated from other conditions, e.g. hip OA or other knee pathologies. Studies
of MCIC, MCID and MDC were included even if they used a different terminology e.g.
minimal important change for MCIC, minimal important difference for MCID and

smallest detectable change or difference or minimal detectable difference for MDC.

For consistency, we defined the MCIC as the pre-post change of one group i.e.

threshold for those who responded that they had minimally improved. The MCID was

8
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defined as the difference (pre-post-change) between two groups i.e. “minimally
improved” and “stayed the same” groups using the anchor response as defined in the
previous studies’®1225, The MDC is the minimum change above the measurement
error based upon a given level of confidence®2°. MDC values for a 90 or 95 confidence

interval are labelled as MDC90 or MDC95.

Quality assessment

The quality of the included studies was assessed according to their
methodology. The quality of the anchor studies was assessed using the credibility
instrument developed by Deviji (2020)?6 which was specially designed to assess the
anchor studies. This instrument includes five core criteria (the anchor is rated by the
patient, the anchor is interpretable and relevant to the patient, the MCIC or MCID
estimate is precise, the correlation between the anchor and the outcome measure
reported by the patient is satisfactory, and the authors select a threshold on the anchor
that reflects a small but important difference). We considered the paper to be “high”
quality if at least three of the five criteria were “yes”, “definitely yes” or “to a great
extent”; and of “low” quality if not?’”. Consensus studies were assessed using the
Critical Appraisal Screening Program (CASP)-qualitative tool?® which is designed to
assess qualitative studies and is well-suited to consensus studies. The quality was

rated as “high”, “moderate” or “low” based on reliability and credibility?°. Distribution
studies were evaluated using the National Heart, Lung and Blood Institute, National
Institute of Health (NHLBI, NIH) quality assessment tool for before-after (pre-post)

studies with no control group?®® and ratings included “good”, “fair” or “poor” based on

reliability and credibility3?. The quality assessment of included studies was performed

9
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by one reviewer (DS) and a random sample of 20% had an independent second review

(AF or JC) to improve the accuracy?3'.

Data extraction and analysis

We extracted study characteristics including sample size, participant
demographics, details of the intervention, follow-up time, outcome measurement tools,
calculation method and actual estimate reported based on the method (MCIC or MCID

or MDC). Additionally, we extracted the details of the anchor used in each study.

We extracted reported MCIC, MCID and MDC values from each study. We
normalised the values to a 0 to 100 scale. If a study reported MDC as a percentage of
the grand mean (MDC divided by grand mean percentage)3?, we converted the data

into MDC90 or 95 for the pooled synthesis.

The median and range (minimum and maximum) of MCIC, MCID and MDC
were calculated using multiple estimates from the included studies arising from
different non-surgical interventions, calculation methods, time points, and anchors.
Mean values were not calculated due to skewness of distributions33. We excluded low-
quality anchor studies from the median MCIC and MCID synthesis. Furthermore, we
conducted a sub-analysis to determine median MCID based on the ROC method
where available because the ROC estimates are considered to be more precise than
mean-change estimates and recommended at both individual and group level
analyses, and in clinical settings®'%. Though we planned to conduct a sub-analysis to
determine the effect of follow-up time on MCIC and MCID, we were unable to do

reliable rate estimates because of a limited number of studies. Therefore, we plotted

10

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

"salbojouyoal Jejiwis pue ‘Bulures; | ‘Buluiw elep pue 1Xa1 01 pale|al sasn 1o) Bulpnjoul ‘1ybliAdoo Aq paldalold

* jooyasaboysnwselq


http://bmjopen.bmj.com/

oNOYTULT D WN =

195

196

197

198

199

200

201

202

203

204

205

206

207

208

209

210

211

212

213

214

215

216

217

218

BMJ Open

the values against time including only studies where the outcome measures were

assessed at three-time points or more.

Patient and public involvement

This is a systematic review. Patients or the public were not involved in this study.

RESULTS

Study selection

The search yielded 2376 studies and after duplicates were removed, 1059
records were screened. Two hundred and seventeen studies were screened in full-
text review resulting in 48 eligible studies (k=48) (Figure 1). No further studies were

identified after checking the reference lists of included studies.

Included studies calculated MCIC and MCID by anchor method (k=12), by

consensus method (k=1) and MDC by distribution method (k=35).

The methodological quality of included studies

Most anchor studies (k=10) were of high quality and two were of low quality3+35
(Supplement 1). The quality of the consensus study (k=1) was moderate
(Supplement 2). The quality of distribution studies ranged from good (k=11) to fair

(k=24) (Supplement 3).

Study characteristics of included studies
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All the anchor studies were observational prospective cohort studies?4:15.34,36-42
and two of them were nested within randomised controlled trials3%43 (Table 1). The
number of participants in each study ranged from 41 to 1606. The mean age and body
mass index ranged from 57.1 to 67.9 years and from 28.1 to 33 kg/m?, respectively.
The interventions used in these studies were rehabilitation, exercise, physiotherapy
and non-steroidal anti-inflammatory drugs. The follow-up time ranged from seven days
to one year. Eleven studies used global rating of change as the external anchor while
one study#?® used multiple anchors. Most anchor studies (k=6)35-37.38.41.43 reported
MCID values only, four studies’432:4042 reported MCIC values only and two studies 534
reported both MCIC and MCID. Four of these studies34364041 also reported MDC
values. Moreover, studies used different anchor questions and group classifications
when calculating MCIC and MCID. For example, one MCIC study3* considered the
minimal improved response group as “my knee has got better” and another study?3?
considered the response group as both “good” and “excellent” improvement groups

(Supplement 4).
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Study

Number of
participants; Age,
years, Mean (SD)

Intervention
(Follow-up)

Outcome tool

n JoJ Bujpnjoul ‘1ybruAdoo Aq |
U0 920£00-2202-uadolwa/9gTT

Calculation method
(Measure extracted)

Angst, 201836

Harris, 201334

Hmamouchi,
2012%7
Klokker, 201635
Lee, 201743

Mills, 201615
Mostafaee, 202138
Ornetti, 201139

Perrot, 201342
Singh, 201440

Tubach, 20054
Williams, 201241

Salottolo, 201844
Alghadir, 20154°
Alghadir, 2016 a*®
Alghadir, 2016 b*”
Alghadir, 201748
Alghadir, 201849
Baert, 201851

Brisson, 201852

Callghan, 200953
Hoglund, 201955
Hunter, 200677
liima, 201956

190; 66.1 (10.2)

134; 59 (11)
173; 57.1 (10.1)

41;NR
165; 61

272; NR
142; 58.3 (7.6)
881; 67.1 (10.9)

1606; 66.9 (9.0)
137; NR

603; 67.9 (10.2)
159; NR

27 (clinicians); NR
65; 54.9 (9.9)
121; 52.9 (9.3)
121; 54.0 (9.3)
97; 58 (11.5)

121; 52.9 (12.5)
8 (12 knees); 68
(11)

46; 61.0 (6.6)

55; 64 (14)
20; 58.3 (8.05)
72;58.9 (8.6)
59; 59.1 (6.1)

Rehabilitation (3
months)

Non-operative (3
months)
NSAID (6 weeks)

exercises (12 weeks)

Thai Chi or Physical
therapy (12 weeks)
Non-surgical (26,52
weeks)
Physiotherapy (4
weeks)
NSAID (4 weeks)

Usual care (7 days)
Conservative (2
weeks)
NSAID (4 weeks)

Exercise (2, 6, 12
months)
NR
NR
NR (48 hours)
NR (48 hours)
NR (1 week)
NR (24 hours)
NR (3 seconds)

NR (6 months, 24
months)

NR (24- 72 hours)
NR (2-7 days)

Novel ther (6 months)

NR (1 month)

WOMAC-pain, function, functional standmg/walklgg apd

stiffness; SF-36-bodily pain, physical functioning®role=

physical, vitality, social functioning, mental and g_‘
OKS- pain, function, summary; ICOAP; KOO

aﬁg

|ooyogaboysnws
} pape@umoq "€z0z A8

WOMAC-total

DAP
PROMIS-Short Forms- physical function, pain inte
depression, anxiety
KOOS-pain, activities of daily living, quality of:

p pge 1xa1 01 p
o

fi

UJE‘]E

@C&u ugp1
g o

KOOS-pain, symptoms, activities of daily living, spgrts
recreation, and quality of life 5

WOMAC-function; Patient-reported functional disabffity

NRS; Physician reported functional disability on aBN

Pain on a 0-10 NRS at rest and movemen
ICOAP-pain, constant pain, intermittent pain; KOGS-
KOOS-quality of life

Pain on VAS on movement; Patient’s global assesg)mer?t of

disease activity on a VAS; WOMAC-function subscalg

d@ﬁuq

KOS-activities of daily living subscale; LEFS; WOMAC-tal
3 o
Pain, Function and Global assessment & 3
Timed Up and Go test ~ S
WOMAC- Arabic version-pain, function, tota =
NRS for pain- Arabic version ER)
OKS- Arabic version ° ©

VAS for pain; NRS for pain; Verbal Rating Scale f9r pan
Knee joint position sense test using analogue |ncllr%m®br
Knee force sense test using a handheld dynamometgs_l;
Peak KAM, KAM impulse and Peak KFM using 3D motipn

analysis; Quadriceps strength and power using dynamorieter;

Load frequency using a triaxial accelerometer; BMI"J
Quadriceps fatigue using surface eIectromyographyB
30-second fast-paced walk test
Cartilage volume using X-ray, MRI (Femur, Patella, T|lua)

Stopwatch-based 11- Step stair climb test

v11-73
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Anchor (MCID); Distribution
(MDC95)

Anchor (MCIC, MCID);
Distribution (MDC90)
Anchor (MCID)

Anchor (MCID)
Anchor (MCID)

Anchor (MCIC and MCID)
Anchor (MCID)
Anchor (MCIC)

Anchor (MCIC)
Anchor (MCIC); Distribution
(MDC90)

Anchor (MCIC)

Anchor (MCID); Distribution
(MDC90, MDC95)
Consensus (MCIC)

Distribution (MDC95)
Distribution (MDC95)
Distribution (MDC95)
Distribution (MDC95)
Distribution (MDC95)
Distribution (MDC95)

Distribution (MDC95)

Distribution (MDC95)

Distribution (MDC95)

Distribution (MDC95)
Distribution (MDC90, MDC95)
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3 Jansen, 202157 103; NR NR (1 month) Knee image: bone density, joint space width, oste@hyﬂe’s, Distribution (MDC95)
4 eminence height, and joint angle 2 g
5 Kanko, 201975 74;57.7 (8.8) Exercises (1 week) Star excursion balance test a 8 Distribution (MDC95)
6 Kean, 2010% 20; 53.6 (9.1) NR (same day) Quadriceps isokinetic strength, isometric strength ang petent Distribution (MDC90)
7 of voluntary activation using a dynamometez S
Klokker, 2015%° 20; 64 (6.6) NR (1 week) - Distribution (MDC95)
8 McCarthy, 200432 15; 65.1 (11.3) Exercises (1 week) Aggregated locomotor function score; Eight-meter walk fitne; Distribution (MDC95)
9 Stair ascent and descent time; Transferring tim QZ_;
10 McCarthy, 200860 55;64.9 (9.7) NR (1 week) Maximum isometric strength; Vastus medialis obliqu3, ;y‘@ us Distribution (MDC95)
11 lateralis, Rectus femoris-initial median frequency; gs
12 medialis oblique, Vastus lateralis, Rectus femoris fat@me‘s’lope
13 Monticone, 202161 102; 69.1 (9.0) NR (10 days) Fremantle Knee Awareness Questionnaire, Itallandy Distribution (MDC95)
14 Motyl, 201378 15; 61.0 (7.8) Steroid injection (20 20-meter walk test ;% § Distribution (MDC95)
days) So=
15 Mutlu, 201576 73 (141 knees); Physiotherapy (4 Pressure pain threshold using a handheld pressure @ggmieter Distribution (MDC90)
16 56.2 (6.7) weeks) Lo
17 Nalbant, 202162 25;62.3 (9.8) NR (same day) L-test 2 = Distribution (MDC95)
18 Naylor, 201483 75; 67.6 (9.4) NR (10 days) VAS for pain; Six Minute Walk Test; Timed Up and-ga?:o st; Distribution (MDC95)
19 KOOS-pain, symptoms, activities of daily living, quagty life
20 Parveen, 201764 25; 50.5 (6.3) NR (7 days) Tinetti Performance-Oriented Mobility Assessment éEaIe-:totaI Distribution (MDC95)
balance subscale, gait subscale > 5
21 Peter, 201855 135; NR NR (1 week) Animated activity questionnaire = g Distribution (MDC95)
22 Piva, 200466 25; 57 (8) NR (same day) Get up and Go test 2 5 Distribution (MDC95)
23 Pratheep, 201857 20; 70.3 (5.8) NR (2 weeks) Pressure pain threshold using algometeré 2 Distribution (MDC95)
24 Ravaud, 199974 30; 65.4 (7.7) NR (2 weeks) Joint space width = 3 Distribution (MDC95)
25 Suhail and 82;60.4 (6.7) NR (48 hours) 2-minute walk test %’_ g Distribution (MDC95)
2% Chaudha, 2021546 o o
Suwit, 2020502 55; 69.0 (11) NR (1 week) 30-seconds chair stand; 40-meter fast-paced test; 9- §tep@llmb Distribution (MDC90)
27 Takacs, 201468 20; 64.1 (7.9) NR (14 days) Single-leg standing balance test 5 3 Distribution (MDC95)
28 Tevald, 2016%° 25; 61 (9) NR (7 days) Hip abductor strength using a hand-held dynarri(eterO Distribution (MDC95)
29 Tse, 202170 38;65.1 (7.0) NR (same day) Frontal plane tibial alignhment using inclinome®r = Distribution (MDC95)
30 Turcot, 2008 25;63.9 (7.6) NR (8 days) 3D linear accelerations of the tibia and femur duringwaling Distribution (MDC95)
31 Van der Straaten, 19; 65.1 (5.2) NR (20 days) Range of motion (trunk abduction-adduction, pelvis zﬂaduulon- Distribution (MDC95)
32 202072 adduction, hip flexion-extension) and Center ofcmasg
displacement N
gi Yuruk, 201473 40; NR NR (One day) De Motion Mobility Index (Turkish ver3|on) o Distribution (MDC90, MDC95)
236 o
35 237 MCIC: Minimal Clinical Important Change, MCID: Minimal Clinically Important Difference, MDC90: Minimum Detectable Change baskd on 90% confidence interval, MDC95:
36 238 Minimum Detectable Change based on 95% confidence interval, NR: Not Reported, WOMAC: Western Ontario and McMaster Uni%rsities Arthritis Index, SF-36: 36-item
37 239 Short Form health survey, OKS: Oxford Knee Score, ICOAP: Intermittent and Constant Osteoarthritis Pain, KOOS-PS: Knee injury &hd Osteoarthritis Outcome Score Physical
38 240 Function Short form, KOOS: Knee injury and Osteoarthritis Outcome Score, DAP: Dynamic weight-bearing Assessment of Pain, PR%MIS Patient-Reported Outcome
39 241 Measurement Information System, NRS: numeric rating scale, VAS: Visual Analog Scale, KOS: Knee Outcome Survey, LEFS: LOW%ﬁ Extremity Functional Scale, KAM: knee
242 adduction moment, 3-dimensional: 3D, KFM: knee flexion moment, MRI: Magnetic Resonance Imaging m
a ,
42 14 >
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The consensus study (k=1)* (Table 1) used a questionnaire to survey 27
clinicians from a range of specialities (orthopaedic (38%), rheumatology (33%),
internal medicine (19%), and other (9%)). The clinicians were asked about MCIC
values for pain, function and global assessment for severe knee OA. However,
participants were not asked to consider time duration nor the interventions. MCIC was

termed “minimal clinically important improvement” in this study.

Most distribution studies (k=30) were test-retest observational studies*>-74
assessing the reliability of the outcome tool, and five used datasets from interventional
cohort studies”®76 and randomised controlled trials3277.78 (Table 1). In the distribution
studies (k=35), the number of participants in each study ranged from 8 to 135. The
mean age and body mass index ranged from 50.5 to 70.3 years and from 22.7 to 35
kg/mZ, respectively. Studies estimated MDC90 and MDC95. The follow-up time ranged

from the same day to one year.

The MCIC estimates derived using the anchor method

The median MCIC for 13 tools (with subscales) were calculated based on five
high-quality anchor studies’415.3940.42 ysing 23 estimates (Table 2). These estimates
were based on different underlying calculations, follow-up time and anchor questions.
Methods for calculating MCIC included: mean change (pre and post mean change of
the minimally improved group)®1540, 75" centile value of the mean change of the
group3%42 and 75" centile value adjusted with the baseline score, age, and disease
duration’. Most studies included one follow-up time (range: 7 days to 4 weeks), but
one study'® reported MCIC at two time-points (26 and 52 weeks). One anchor question

was used in most studies, however, two studies’®3° reported different MCIC values
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based on two different anchor questions (general health status and functional state).
All data were pooled for the median estimates regardless of differences in calculation

methods, follow-up time, and anchor questions.

Table 2: Minimal Clinical Important Change (MCIC) values of knee osteoarthritis outcome tools derived using the
anchor method

Outcome tools Score Minimum Maximum  Number Study
of
estimates
ICOAP-pain 100=worst 1 Singh, 201440
ICOAP-constant pain 100=worst 1 Singh, 201440
ICOAP-intermittent pain 100=worst 1 Singh, 201440
KOOS-pain 100=best 4.3 20.1 4 Mills, 20161°
KOOS-activities of daily 100=best 8.2 8.7 2 Mills, 20165
living
KOOS-quality of life 100=best 8.0 11.6 2 Mills, 201615; Singh,
201440
KOOS-PS 100=worst 1 Singh, 201440
Pain on NRS at rest 100=worst 10 10 2 Perrot, 201342
Pain on VAS on 100=worst 1 Tubach, 20054
movement
Patient-reported 100=worst 27.2 27.9 2 Ornetti, 201139
functional disability on
an NRS
Patient’s global 100=worst 1 Tubach, 20054
assessment of disease
activity on VAS
Physician-reported 100=worst 25 255 2 Ornetti, 201139
functional disability on
an NRS
WOMAC-function 100=worst 9.1 171 3 Tubach, 20054;

Ornetti, 201139

MCIC: Minimal Clinical Important Change, ICOAP: Intermittent and constant osteoarthritis pain, KOOS: Knee
injury and Osteoarthritis Outcome Score, KOOS-PS: Knee injury and Osteoarthritis Outcome Score Physical
Function Short form, NRS: numeric rating scale, VAS: Visual Analog Scale, WOMAC: Western Ontario and
McMaster Universities Arthritis Index, OKS: Oxford Knee Score

All the scores are from 0 to 100

The median estimates are shaded in blue
Estimates based on low-quality studies are shaded in grey
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The MCID estimates derived using the anchor method

The median MCID for 23 tools were calculated based on six high-quality anchor
studies5:36-3841.43.45 ysing 83 estimates (Table 3). These estimates were based on
different underlying calculations, follow-up time, and anchor questions. Methods for
calculating MCID included: ROC method’® only (k=3)37-3841 mean change (Redilmier
and Lorig) method only (pre-post mean change difference between two groups)8®
(k=1)3%%, both ROC and mean change methods (k=1)'%, and mean change in T-scores
with multiple anchors (k=1)*3. Most studies (k=4) included one follow-up (range: 4 to
12 weeks), but two studies included MCID at multiple time-points e.g. 2, 6 and 12
months'541. One anchor question was used in most studies, however, one study used
multiple anchors*3. All data were pooled for the median estimates regardless of

differences in calculation methods, follow-up time, and anchor questions.
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Table 3: Minimal Clinical Important Difference (MCID) values of knee osteoarthritis outcome tools derived using

the anchor method

Outcome tools Score
KOOS-pain 100=best
KOOS-activities of daily 100=best
living

KOOS-quality of life 100=best
KOOS-sports/recreation 100=Dbest
KOOS-symptoms 100=best
KOS-activities of daily 100=best
living

LEFS 100=best
PROMIS Short Forms- 100=wor
physical function® st
PROMIS Short Forms- 100=wor
pain interference’ st
PROMIS Short Forms- 100=wor
depression” st
PROMIS Short Forms- 100=wor
anxiety” st
WOMAC-pain 100=best
WOMAC-function 100=best
WOMAC-stiffness 100=best
WOMAC- 100=best
standing/walking

WOMAC-total 100=best
SF-36-bodily pain 100=best
SF-36-physical function 100=best
SF-36-role-physical 100=Dbest
SF-36-vitality 100=best
SF-36-social function 100=best
SF-36-mental health 100=best

SF-36-general health

100=best

Median

Minimum  Maximum  Number of Study
estimates
4 17 13 Mills, 201615;
Mostafaee, 202138
-1.5 15.5 7 Mills, 201615;
Mostafaee, 202138
3 12.5 7 Mills, 201615;
Mostafaee, 202138
1 Mostafaee, 202138
1 Mostafaee, 202138
2.2 10.6 6 Williams, 201241
0.6 15.6 6 Williams, 201241
45 53 NR Lee, 201743
4.2 4.2 NR Lee, 201743
6 6.2 NR Lee, 201743
4.5 6.6 NR Lee, 201743
71 21 3 Angst, 20183
11.3 14.9 3 Angst, 20183%
16.2 23.8 3 Angst, 201836
5.9 10.2 2 Angst, 20183%
1.6 16.8 8 Williams, 201241;
Hmamouchi, 201237
8.2 10.4 2 Angst, 2018%
3.8 4.2 2 Angst, 20183
7.5 9.5 2 Angst, 2018%
4.16 49 2 Angst, 201836
2.6 7.0 2 Angst, 2018%
2.9 5.2 2 Angst, 201836
2 Angst, 201836

MCID: Minimal Clinically Important Difference, OA: osteoarthritis, KOOS: Knee injury and Osteoarthritis Outcome
Score, KOS: Knee Outcome Survey, LEFS: Lower Extremity Functional Scale, PROMIS: Patient-Reported
Outcome Measurement Information SystemSF36: 36-item Short Form health survey, WOMAC: Western Ontario
and McMaster Universities Arthritis Index, DAP: Dynamic weight-bearing Assessment of Pain, ICOAP:
Intermittent and constant osteoarthritis pain,KOOS-PS: Knee injury and Osteoarthritis Outcome Score Physical
Function Short form, OKS: Oxford Knee Score

All the scores are from 0 to 100

*Estimates were reported as a range

The median estimates are shaded in blue

Estimates based on low-quality studies are shaded in grey
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MCID estimates based on the ROC method were reported and compared with
pooled MCID estimates for all methods. Four':37:3841 of six studies (67%) used the
ROC method. The ROC estimates were the same as the overall pooled estimates in

most cases (Table 4).

Table 4: Comparison of receiver operating curve (ROC) method based Minimal Clinical Important Difference
(MCID) estimates with overall pooled estimates

Outcome tools ROC method-based ROC method- Pooled Number of
estimates, based, estimates estimates- Pooled
Median (range) Number of regardless of regardless of
estimates (study) calculation calculation
method, method,
Median (study)
(range)
KOOS-pain 11.8 (4.0 to 18.0) 8 11.8 13
(Mills, 201615; (4.0t0 17.0) (Mills, 201615;
Mostafaee, 202138) Mostafaee, 202138)
KOOS-activities of 12 (-1.5 to 155) 5 12.5 7
daily living (Mills, 201615; (-1.5t0 15.5) (Mills, 201615;
Mostafaee, 202138) Mostafaee, 202138)
KOOS-quality of life 6.5 (3.0 to 12.5) 6 6.5 7
(Mills, 201615; (3.0to 12.5) (Mills, 201615;
Mostafaee, 2021) Mostafaee, 202138)
KOOS- 17.5 1 17.5 1Mostafaee,
sports/recreation (Mostafaee, 202138) 202138)
KOOS-symptoms 12.5 1 12.5 1
(Mostafaee, (Mostafaee,
202138) 202138)
KOS-ADL 6.4 (2.2 to 10.6) 6 6.4 6
(Williams, 201241) (2.2 to 10.6) (Williams, 201241)
LEFS 6.9 (0.6 to 15.6) 6 6.9 6
(Williams, 201241) (0.6 to 15.6) (Williams, 201241)
WOMAC-total 7.8 (1.6 to 16.8) 8 7.8 8
(Williams, 201243; (1.6 to 16.8) (Williams, 201241,
Hmamouchi, Hmamouchi,
201237) 201237;)

ROC: Receiver Operating Curve, MCID: Minimal Clinically Important Difference, KOOS: Knee injury and
Osteoarthritis Outcome Score, KOS: Knee Outcome Survey, LEFS: Lower Extremity Functional Scale, WOMAC:
Western Ontario and McMaster Universities Arthritis Index

All the estimates are out of 100.

The median estimates are shaded in blue
Shaded in green: pooled estimates of these MCID values were based on the ROC method only

The effect of follow-up time on MCIC and MCID

There were insufficient data to establish reliable rate estimates for the effect of
time. The MCIC of Knee injury and Osteoarthritis Outcome Score (KOOS)-pain and
KOOS-quality of life (QOL) and, the MCID of KOOS-pain, KOOS-QOL, Knee Outcome
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Score (KOS)-activity of daily living (ADL), Lower Extremity Functional Scale (LEFS)
and Western Ontario and McMaster Universities Arthritis Index (WOMAC)-total were
assessed at more than three different time points. The MCIC of KOOS-QOL and,
MCID of KOOS-QOL, LEFS and KOS-ADL appeared to increase with increasing
follow-up time. However, MCIC of KOOS-pain and MCID of WOMAC-total appeared

to reduce with follow-up time and KOOS-pain remained constant (Supplement 5).

MCIC values derived using the consensus method
One consensus study** reported that MCIC for pain, function and global

assessment were 20% of the maximum score.

The MDC estimates derived using the distribution method

The median MDC was calculated for 126 tools based on 38 studies (35 good-
to-fair distribution and three high-quality anchor studies) using 308 estimates
(Supplement 6). These estimates were based on different calculation methods and
follow-up times. Four included studies reported MDC90 values only40.50.58.76 gnd 29
studies MDC95 values only. Five studies3641.56.63.73 reported both the MDC90 and
MDC95 values. Most studies (k=37) reported unadjusted MDC, while one study
reported both the adjusted and unadjusted estimates36. Six studies separately
reported inter/intra-rater MDC values#°:51:55.59.66.72 Fyrthermore, three studies reported
distinct values for two patient groups in each study, for example, the placebo group
and the treatment group’’, the most painful and the least painful groups®?, and the
groups that reported moderate improvement (“great deal better’) and MCID
improvement (“somewhat better”)*°. Most studies assessed the index (worst) knee,

but one study based the estimate on all diseased knees (12 knees in 8 patients)®’.
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Regarding the time point of MDC estimation, most studies (k=39) reported MDC
estimates at one time-point only, but one study reported MDC estimates at three-time
points (2, 6 and 12 months)*'. All data were pooled for the median estimates

regardless of differences in calculation methods and follow-up time.

DISCUSSION

This systematic review provided estimates for MCIC and MCID of knee OA
outcome tools after non-surgical interventions derived using anchor, consensus and
distribution methods respectively. This review is unique in that it provides pooled
estimates for MCIC, MCID (based on high-quality studies) and MDC (from good to fair-
quality studies) of knee OA outcome tools after non-surgical interventions. MDC was
reported for a greater number of outcome measures (126) than for MCIC (13) or MCID
(23). MCID estimates based on the ROC method were similar to the overall pooled
median estimates, however, the majority of MCID studies used the ROC method.
Although we found that some MCIC and MCID appear to increase with follow-up time,

this was not consistent.

The estimates for MCIC and MCID reported in this review are lower than those
reported previously®'-83, Previous reviews which included knee replacement
interventions®1-83 produced higher estimates suggesting that knee replacement
cohorts need more improvement to be satisfied. The MCID values for WOMAC-pain
and function in this review ranged from 7.1 to 21 and 11.3 to 14.9 (out of 100)
respectively; compared to reviews of total knee replacements which reported values

ranging from 4.0 to 47.9 and 1.8 to 33.0 (out of 100)8'-83, This disparity may be due to
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differences in disease severity which has been previously reported based on baseline
pain score®1584 Therefore, our data is more applicable to patients and cohorts
receiving non-surgical interventions. Furthermore, previous knee OA intervention
studies have used MCID estimates from studies with combined hip and knee OA85-5,
Given that MCID is sensitive to disease type®, our median estimates are likely to be

more applicable to the knee OA population.

MDC was reported for more outcome measures than MCIC or MCID. MDC is
derived from data distribution only, unlike MCIC and MCID which are related to
patients’ perception'”2!. Researchers may use MDC estimates as an option if MCIC
or MCID are not reported. Yet, according to the results of this study and others, MDC
can be larger or smaller than MCID#10. Hence, researchers using MDC estimates from
single studies to establish a sample size may over-or under-estimate the number of

participants required for a given power.

The ROC estimates were similar to the pooled MCID estimates. Our pooled
median estimates are based on a combination of the mean change® and ROC
methods’®. There is strong support for the exclusive use of ROC because it can be
applied to both individuals and groups and is recommended in clinical settings®15.
Moreover, the area under the curve of the ROC has the advantage of being able to
interpret the level of confidence for the MCID estimate from acceptable to outstanding
discrimination between responders and non-responders'’. Therefore, we recommend

using our median ROC based MCID estimates where possible.
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Although we found that some MCIC and MCID appear to increase with follow-
up time, this was not consistent. Two previous studies'®*! suggested that there may
be an effect of time, due to changing of perceptions over time (response-shift),
especially in patients with chronic conditions'®87. Additionally, recall bias is affected
by increased follow-up time and may also affect estimates®26:88, Therefore, although
the consistency of follow-up time must be considered, more data is required to

determine the effect of follow up time on MCIC and MCID.

One of the studies included in this review used the consensus method. They
reported that MCIC was 20% of the maximum score for pain, function and global
assessment**, but, our anchor studies data suggest that MCIC is highly variable (2.2
to 27.6 out of 100) depending on the outcome measurement. Therefore, the blanket

application of 20% may not be suggested regardless of the tool used.

In this review, we considered only MCIC, MCID and MDC but there are other
measures of clinical improvement. While the MCIC and MCID are used to assess
meaningful clinical effects, recent reports have questioned the applicability of these
concepts as they do not consider the costs, risks, benefits and inconvenience of the
treatment. The smallest worthwhile effect (SWE) was developed using the benefit-
harm trade-off method, described by Barrett in 20058°. The SWE is defined as the
smallest amount of improvement which is identified by the patient as worthwhile when
considering the improvement outweighing risks and inconvenience®® and the
estimates are always compared to natural recovery®'. However, only one study has
reported SWE for people undergoing total knee replacement®. Other studies have

evaluated “patients acceptable symptom state” (PASS) which is the symptom state
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that patients consider acceptable or when they feel “well” after treatment83.93.94. PASS
estimates for WOMAC function are reported to be between 31 and 34.4%. These
values are much higher than our MCIC median estimate of 17 (9.1 to 17.1). Although
MCIC and MCID are still commonly used, the development of this field of research will
enable value judgements as well as clinical judgements to be considered in the

interpretation of clinical trials of interventions.

This systematic review should be considered in light of its limitations. Median
estimates were used to reflect the pooled data due to data skewness, but some of the
ranges were wide, challenging the certainty of some of these estimates. Previous
evidence suggests that data from follow-up times of less than one month are more
reliable?6:%6.°7. However, we included all estimates regardless of follow-up time.
Statistical analysis was not conducted to determine the effect of follow-up time due to
limited available data, but this is an interesting area for further study. The certainty of
evidence using Grading of Recommendations Assessment, Development and
Evaluation (GRADE) was not attempted due to the heterogeneity of the data. The grey

literature was not searched for this review.

This review presents median estimates for MCIC, MCID and MDC for people
with knee OA following non-surgical interventions. A subset of MCID estimates is
reported based on the ROC method. The pooled ROC data are recommended for both
individual and group analyses and clinical settings. MDC estimates are available for
more outcome measures but are purely statistical and arguably less applicable. This
review clarifies the current understanding of MCIC, MCID and MDC in the knee OA

population.
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Supplement 1: Quality of anchor studies assessed using the Devji (2020) credibility instrument?®

&1 U0 920¢90-z20z-uadolwag/9eTT

Study Item 1" Item 2% Item 3# Item 4% Item 5% The overall
quality of the
studies**
Angst, 20183 Yes Impossible to tell Definitely No To a greater extent a great extent High
Harris, 20133 Yes To a great extent Impossible to tell Not so much m§ Definitely No Low
Hmamouchi, 2012% Yes Not so much Impossible to tell To a greater extent gT,Q a greater extent High
Klokker, 2016% Yes To a great extent Impossible to tell Definitely No 3 §N0t S0 much Low
Lee, 20174 Yes Definitely Yes Impossible to tell To a greater extent iypossible to tell High
Mills, 201615 Yes Definitely Yes Not so much To a greater extent S gDefiniter Yes High
Mostafaee, 202138 Yes To a great extent To a great extent To a great extent @ = Not so much High
Ornetti, 20113° Yes To a great extent Impossible to tell To a greater extent S éizDefiniter No High
Perrot, 2013%? Yes To a great extent Not so much Definitely Yes 8_ @ Not so much High
Singh, 20144 Yes To a great extent Impossible to tell Not so much - Fo a great extent High
Tubach, 20054 Yes To a great extent Impossible to tell Definitely Yes 3 Not so much High
Williams, 20124 Yes Not so much Impossible to tell To a greater extent SDefinitely Yes High

Item 1: Is the patient or necessary proxy responding directly to both the PROM and the anchor?

Item 2: Is the anchor easily understandable and relevant for patients or a necessary proxy?

Item 3: Has the anchor shown a good correlation with the PROM?

Item 4: Is the MID precise?

Item 5: Does the threshold or difference between groups on the anchor used to estimate the MID reflect a small but important

‘Bururely |y {Buiuiw erep pue 1xa) 01 pale|al sgsn 1o} Buipnjoul ‘ybiAdoo Aq |

er

[luis &Je

Vv11-Z39 wawiedaq re#zoz ‘6 Aey uo jwod [@ig-uadolway/:d

* The responses to items: Yes, No, Impossible to tell

. L . . o
# The responses to items: Definitely yes, To a great extent, Not so much, Definitely no, Impossible to tell -
** gverall quality: three of the five criteria were met “Yes” or “definitely yes” or “to a great extent”, the paper is of “high” quality Ifﬁot,
-
o
Low quality (credibility) studies are shaded. g
s

S

PROM: Patient-Reported Outcome Measure, MID-Minimal Important Difference (In this study minimal clinically important change/di

[}

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

ce?

rence)

at the paper is of “low” quality?”


http://bmjopen.bmj.com/

oNOYTULT D WN =

T &
BMJ Open S Q2 Page 44 of 59
o O
5 3
< ©
R
S g
N
=1 o
Supplement 2: Quality of consensus studies assessed using the Critical Appraisal Screening Program (CASP)-qualitative che{klist@
Study Item 1# Item 2 # Item 3 # Item 4 # Item 5 # Item 6 # Item 7 # Item 8‘%‘ atem Item 10 The overall
(Author, 9# quality of
Year) the studies
1]
Salottolo, Yes Yes Can't tell Can't tell Yes Yes Can't tell Yes Yes Researcher Moderate
20184 discusses the

the contribution
the study makes
to existing
knowledge or
understanding

Item 1: Was there a clear statement of the aims of the research?

Item 2: Is a qualitative methodology appropriate?

Item 3: Was the research design appropriate to address the aims of the research?

Item 4: Was the recruitment strategy appropriate to the aims of the research?

Item 5: Was the data collected in a way that addressed the research issue?

Item 6: Has the relationship between researcher and participants been adequately considered?
Item 7: Have ethical issues been taken into consideration?

Item 8: Was the data analysis sufficiently rigorous?

Item 9: Is there a clear statement of findings?

Item 10: How valuable is the research?

* jooydjsaboysnwselq

[lwis pue ‘Bulures; |y ‘Bululw eyep pue 1xa) 0] paje|al sasn 10y B
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# The responses to items: Yes, Can’t Tell, No
p Overall quality of study: high”, “moderate” or “low” was evaluated by the review team based on how reliable and cre

le

uo
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Supplement 3: Quality of distribution studies assessed using the National Institute of Health (NIH) quality assessment tool for @efor@-aﬁer (pre-post) studies with no control
group®° % 8
Study (Author, Year) Criteria Criteria Criteria Criteria Criteria Criteria Criteria Criteria Criteria ?ritéia Criteria  Criteria Overall
1# 2# 3% 4# 5# 6 7# 8# 9# Ql(g” 11# 124 quality *
Alghadir, 2017%° Yes Yes Yes Yes Other Other Yes Other Yes S Y% Yes Other Fair
0]

Alghadir, 20185 Yes Yes Yes Yes Other Other Yes Other Yes 2 Y% Yes Other Fair
Alghadir, 2016 b Yes No Yes Yes Yes Other Yes Other Yes ;'—; wés Yes Other Fair

Alghadir, 2017 Yes Yes Yes Yes Other Other Yes Other Yes @ %’(@ Yes Other Fair

N
Baert, 201853 Yes No Yes Yes Other Other Yes Other Yes 5] §é3 Yes Other Fair
Baert, 2018 Yes Yes Yes Yes Other Other Yes Other Yes 2 §(§ Yes Other Fair
Brisson, 2018% Yes Yes Yes Yes Yes Other Yes Other Yes 2 8’% Yes Other Good
o0
Callaghan, 200955 Yes No Yes Yes Yes Other Yes Other Other o g& Yes Other Fair
D5 @

Hoglund, 201957 Yes Yes Yes Yes Yes Other Yes Other Yes o g‘% Yes Other Good

Hunter, 20067° Yes Yes Yes Yes Other Other Yes Other Other g Y«% Yes Other Fair

ljima, 201958 Yes Yes Yes Yes Other Yes Yes Other Yes 3 Yes Yes Other Fair

Jansen, 20215° Yes Yes Yes Yes Other Yes Yes Other Yes > Y& Yes Other Fair

Kanko, 201977 Yes Yes Yes Yes Yes Yes Yes Other Yes E. Y% Yes Other Good

Kean, 20108 Yes Yes Yes Yes Other Other Yes Other Yes = Y& Yes Other Fair
)

Klokker, 201561 Yes Yes Yes Yes Yes Other Yes Other Yes i Ye;s Yes Other Good
McCarthy, 200432 Yes Yes Yes Yes Other Other Yes Other Yes 2 Y& Yes Other Fair
McCarthy, 200862 Yes Yes No No Other Other Yes Other Yes g Yé;s Yes Other Fair
Monticone, 2021%3 Yes Yes Yes Yes Yes Other Yes Other Yes § Y%s Yes Other Good

Motyl, 201380 Yes Yes Yes Yes Yes Other Yes Other Yes § Y% Yes Other Fair
Mutlu, 201578 Yes Yes Yes Yes Yes Yes Yes Other Yes g Y& Yes Other Good

Nalbant, 202154 Yes Yes Yes Yes Yes Other Yes Other Yes g Yé\% Yes Other Good

Naylor, 201455 Yes Yes Yes Yes Other Other Yes Other Yes é' Yeeoo\;si Yes Other Fair

Parveen, 201766 Yes Yes Yes Yes Yes Other Yes Other Yes Y& Yes Other Fair

Peter, 201857 Yes Yes Yes Yes Other Other Yes Other Yes Y%Us Yes Other Fair
Piva, 200458 Yes Yes Yes Yes Other Other Yes Other Yes Y@}g Yes Other Fair

Pratheep, 2018%° Yes Yes Yes Yes Other Other Yes Other Yes Y% Yes Other Fair

>

Ravaud, 199976 Yes Yes Yes Yes Other Other Yes Other Yes Y% Yes Other Fair

N
=
_|
>
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Study (Author, Year) Criteria Criteria Criteria Criteria Criteria Criteria Criteria Criteria  Criteria % |t'$’ria Criteria  Criteria Overall
1# 2% 3# 4% 5% 6% 7% 8# 9# 21\ 11# 12 # quality #
Suhail and Yes Yes Yes Yes Yes Other Yes Other Yes c Y Yes Other Good
Chaudhary, 202156 o) g’
Suwit, 2020°2 Yes Yes Yes Yes Other Other Yes Other Yes S Yeés Yes Other Fair
Takacs, 2014 Yes Yes Yes Yes Other Other Yes Other Yes % Y% Yes Other Fair
Tevald, 2016 Yes Yes Yes Yes Other Other Yes Other Yes ;'—; més Yes Other Fair
Takacs, 20147 Yes Yes Yes Yes Yes Other Yes Other Yes 8 %e’é Yes Other Good
Tevald, 20167 Yes No Yes Yes Other Other Yes Other Yes § 5{é§ Yes Other Fair
>
Tse, 202172 Yes Yes Yes Yes Other Other Yes Other Yes % g§ Yes Other Fair
Turcot, 2008™ Yes Yes Yes Yes Yes Other Yes Other Yes %’_%@f@ Yes Other Good
555
The description of the criteria is given below. o = =
Criteria 1: Was the study question or objective clearly stated? g o
Criteria 2: Were eligibility/selection criteria for the study population prespecified and clearly described? 5 i
Criteria 3: Were the participants in the study representative of those who would be eligible for the test/service/intervention in théQger@ral or clinical population of interest?
Criteria 4: Were all eligible participants that met the prespecified entry criteria enrolled? ? g
Criteria 5: Was the sample size sufficiently large to provide confidence in the findings? =~ 3
3, O'
=]

Criteria 6: Was the test/service/intervention clearly described and delivered consistently across the study population?

Criteria 7: Were the outcome measures prespecified, clearly defined, valid, reliable, and assessed consistently across all study‘*Bartlglpants’>

Criteria 8: Were the people assessing the outcomes blinded to the participants’ exposures/interventions?
Criteria 9: Was the loss to follow-up after baseline 20% or less? Were those lost to follow-up accounted for in the analysis?

pue +

)

'!UUq

Criteria 10: Did the statistical methods examine changes in outcome measures from before to after the intervention? Were StatIEIC&S[estS done that provided p values for the

pre-to-post changes?

Criteria 11: Were outcome measures of interest taken multiple times before the intervention and multiple times after the |nterve|;g|on

series design)?

3 2

:él.e., did they use an interrupted time-

Criteria 12: If the intervention was conducted at a group level (e.g., a whole hospital, a community, etc.) did the statistical analysrs taige into account the use of individual-level
data to determine effects at the group level?

# The responses to items: Yes, No, Other (CD, NR, NA)*, *CD, cannot determine; NA, not applicable; NR, not reported

p Overall quality: Good, Fair, or Poor was evaluated by the review team based on how reliable and credible each study was, withou

‘salbo @
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Study Description of anchor

Anchor question

Anchor
properties/responses

c )
Definitions of @CI@\ACID using
transitioR qugstion

Reported terminology
in the study

Angst, 201836 GRC
transition
(5 points)

Harris, 201334 GRC
responses
(3 points)

Hmamouchi, 20123 GRC
transition
(5 points)

Klokker, 20163 modified GRC (3
responses and a GRC

spanning from -7 to +7)

Lee, 2018% Multiple anchors:

36 item Short Form
subscales- physical
functioning, social role
functioning, energy and
vitality, bodily pain,
mental health, physical
role functioning,
emotional role
functioning, general

NR

Compared to one week
before your clinical
visit, please indicate
how much your knee
problem has changed?

How do you feel in
general today as
compared to six weeks
earlier as far as your
osteoarthritis is
compared?

Did your knee pain
change since you
entered this project?

NR

much worse, slightly

worse, almost equal,

slightly better, much

better

1. My knee has got
better, 2. My knee has
stayed the same, 3. My

knee has got worse

much better, slightly
better, no change, slightly
worse, much worse

unchanged, better,
worse:
if it is better or worse,
bring up a scale spanning
from -7 to +7 (-7 (worst)
to +7 (best) scale)
NR

Difference bet\ﬂeerﬂhe "slightly
better" group an(ﬁtheialmost equal”
groups M%D

@ me
. <
Mean change in ﬁ*@g{pup "my knee
has got bett€r's CIC and
3 h
. . M =0
the difference ingle ghange score
between groupgr@sBonded with "
my knee has st fe same" and

(X
"my knee has g;?&)g:[ter": MCID

10

3° 3
Difference be@:veeg the mean
effects of "slight{g beger' group and
"no change"grops= MCID

ulurel
dofwgy

@
Difference of asgcorg_of at least 2
(+2: little better: 2: lifle worse) and
no change (sco of'g), +1 (almost
the same or hagly &y better), -1
(worse atg;éll))g MCID
@

o <
Prospective c%ng% for people
achieving previgusly-established
MCID on Iegacyﬁom@rators: MCID
in a single item é{’nchg\' e.g. Patient
Global Assessment ias defined as
range= MCID to 1+M@ID, MCID in a
multi-teem anchor e.g3 SF36 range=
MCID to 2XRICID
]

V11-7391

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Minimal Clinically
Important Difference

Minimal Important
Change,

Minimal Important
Difference

Minimal Clinically
Important Difference for
improvement

Minimal Important
Change

Minimally Important
Difference


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

ul ‘1ybliAdoo Aq |
0z-uadolwa/9eT

Study Description of anchor

Anchor
properties/responses

Anchor question

Definitions of B4CIGAMCID using
transitio& quBstion

Reported terminology
in the study

health perception (0-100
scale, 0: best, 100:
worse);
WOMAC-pain and
function (0-100 scales,0:
best, 100: worse);
Back depression (0-63, 0:
best, 63: worse);
Perceived Stress scale
(0-40, O: best, 40: worse);
Patient Global
Assessment in a 0-10 cm
visual analogue scale
(higher number= greater
perception of disease
activity);
Six-minute walk test (in
meters);
20-meter walk test (in
seconds)

Global transition
GRC-7-point Likert scale

Mills, 2016

Mostafee, 202138 GRC- 7points Likert scale

much improved,
moderately improved,
slightly improved, not
my walking on level changed, slightly worse,
ground has (walking moderately worse, much
anchor) and worse
2. Compared with when
| started this program,
my knee had (knee
health anchor):

Two anchor question
1. Compared with when
| started this program,

1. very much worse; 2.
much worse; 3. slightly
worse; 4. no change; 5.

How did your knee
status change
compared to the

* jooyasaboysnwselq

‘Burure; |y ‘Buluiw elep pue 1Xa] 0] pale|al sasn 10y B
uadolwaqy/:dny woly papeojumod ‘€202 AeN 8T U0 920

L o
Mean changg witHin slightly
improved groug= MCIC
d 3
= 3
Difference betwe@n participants who
=
respgnd&j
slightly, moderatgy, 8fuch improved
as the "impr0\7§d gr::)l%up” and no
change or worée “rdn-improved
group” =M98JID
[}

red

The difference betwgen improved
group (6 and 7) and=ot improved
group (1,2,3,4 an%S):MCID

N

V11
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Minimal Important
Difference-
Mean change
(Jaeschke) method
Minimal Important
Difference-
Mean change
(Redelmeier and Lorig)
method,

ROC method (Youden
method and 80%
specific method)
Minimal Important
Change
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Study

Description of anchor

Anchor question

Anchor
properties/responses

=]
Definitions of 4C

transitio& quBstion

@AVICID using

Reported terminology
in the study

Ornetti, 20113°

Perrot, 201342

Singh, 201440

GRC- (3points Likert
scale, then again in a 4-
point Likert scale

GRC (5 points)

GRC (5 points)

beginning of the
physiotherapy
intervention?
specific question NR.

Two anchor questions.

1. The degree of
improvement of global
state
2. The degree of
improvement of
functional state

Taking into account the

pain due to your
arthritis in the last 24

hours and the pain you

experienced initially,
how has your pain
changed?

Since the last time you
completed the survey 2

weeks ago, would you
say your knee arthritis
is:

slightly better; 6. much
better; and 7. very much
better
The degree of
improvement of global
state (global MCII) on a
3-point Likert scale
(worsened function, no
change, improved
function). Then, among
the patients who
improved, the degree of
improvement was scored
on a scale (poor, fair,
good, excellent)
Patients who said that
their pain had improved
were asked to rate the
level of improvement on
a 5-point Likert scale
extending from very large
improvement to no
improvement at all

A great deal better,
somewhat better, about
the same, somewhat
worse, a great deal
worse

niojb
uo 920

0
75t centile of th@ absolute change
in score amo@gnpﬁients who
<
responded the%rﬁp,rgvement as
good or excellerfj;(ﬁ-rﬁ

- Hag

C]

* jooyasabo

Buiuiw eyep pue 1x
14 WO} PaPEOJUMO

75" percentile d;theﬁjistribution of
the pain intensity:difi@rence (day 0
to 7) for patient%co%idering their
improvemerg to Be at least

modergte= @CIC
>

16ojouyoa) rejiwis
0z ‘6 Ae\ uo ywoo fw

[0}
Mean change bei’?/veea baseline and
follow-up of the gro%p who said

somewhat bettgg: MCIC

V171-Z39 uswie
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Study Description of anchor Anchor question Anchor Definitions of @CI@%\ACID using Reported terminology
properties/responses transmoﬁ-qugstlon in the study
Tubach, 2005 GRC (5 points) Response to NSAID None= no good at all, 75™ centile of theachagge in score of Minimal Clinically
treatment ineffective drug; poor= the group who r&porgaed as “good”  Important Improvement
some effect but using logistic rggregsmn MCIC
unsatisfactory; fair= $ o
reasonable effect but 3 _=
o <
could be better; good= o NS
. . o
satisfactory effect with <3
occasional episodes of ° §U
pain or stiffness; 28 S
excellent= ideal Lo
response, virtually pain- 2 S é;;
(@]
free 2319%
Williams, 20124 GRC questionnaire on a Not specified GRC on a 15- level scale. Difference bet\/\@engubjects who Minimal Clinically
15-level scale (15 points) To rate the extent to The GRC ranges from 1= perceived "mpr@/edb(those with a Important Difference

which they perceive
their condition as
having changed over
time

a very great deal better to
8=about the same to 15=
very great deal worse

GRC between g,(ve:sy great deal
better) and 5 (semeavhat better))
from subjects véo p@rceived "not
improved" (thosgwn?gbetween 6 (a
little better) ang) 15 ? very great
deal worge))=MCID

%)

O

MCIC: Minimal Clinically Important Change, MCID: Minimal Clinically Important Difference, GRC: Global Rating of Change, NRgNoBerorted ClI: Confidence Interval,
WOMAC: Western Ontario and McMaster Universities Arthritis Index, SF36: Short Form-36, NSAID: Non-Steroid Anti- Inflamma%bry ﬂrug
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Supplement 5: The effect of follow-up time on A. Minimal Clinically Important Change (MCIC) and B. Minimal
Clinically Important Difference (MCID)

A.

25

20

15

10

MCIC value, out of 100

20

MCID value, out of 100
=

* Mills, 20167

= Mills, 2016

~Sifigh, 2014

10 20 30

Follow-up time, weeks

* Mills, 2016*
* Mills, 2016*
® Hmamouchi, 2012
* Mills, 2016*

® Mitts-2016*
Williams, 2012*

o Williams;
Williams, 2012* Williams, 2012
e Harris, 2013 o Mills, 20
Williams, 2012 o Williams, 2012*
Williams, 2012*
* Williams;2012* * Mills, 2016*
Mills, 2016
Mills, 2016*
“ Mills,2016*
* Williams, 2012*
Williams, 2012*
Williams, 2012*
10 20 30

* KOOS-pain

+ KOOS-QOL
—Linear (KOOS-pain)
Linear (KOOS-QOL)

= Mills, 2016t

« Mills, 20161

40 50 60

* KOOS-pain

+ KOS-ADL
LEFS

* WOMAC-total

* KOOS-QOL

——Linear (KOOS-pain)
Linear (KOS-ADL)
Linear (LEFS)

—Linear (WOMAC-total)
Linear (KOOS-QOL)

Williams, 2012

* Mills, 2016
* Williams, 2012*

» Williams, 2012*

e Mills, 2016*
\ Williams, 2012*
Mills, 2016*

—  Mills,2016*
o+ Mills, 2016

o Williams, 2012*

Mills, 2016*
Mills, 2016*

* Williams, 2012*

40 50 60

Follow-up time, weeks

1: multiple MCIC estimates using two different anchor questions; *: multiple MCID estimates using two different
anchor questions and different calculation methods

KOOS: Knee injury and Osteoarthritis Outcome Score, QOL: Quality of Life, KOS: Knee Outcome Survey, ADL:

Activities of Daily Living, LEFS: Lower Extremity Functional Scale, WOMAC: Western Ontario and McMaster
Universities Arthritis Index
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Supplement 6: Minimum Detectable Change (MDC) values of knee osteoarthritis outcome tools derived using the distribution

Outcome tool Score
Aggregated locomotor function N/A
Animated Activity Questionnaire 100=best
BMI using a scale and a stadiometer N/A
Bone density-femur mean lateral N/A
Bone density-femur mean medial N/A
Bone density-tibia mean lateral N/A
Bone density-tibia mean medial N/A
Cartilage volume-lateral tibia N/A
Cartilage volume-medial Tibia N/A
Cartilage volume-femur N/A
Cartilage volume-patella N/A
Center of mass mediolateral displacement during N/A
unipodal stance using 3D motion analysis

De Motion Mobility Index 100=best
Eight-meter walk time N/A
Eminence lateral (knee image) mm
Eminence medial (knee image) mm
Get up and Go test N/A
Fremantle Knee Awareness Questionnaire 100=worst
Frontal plane tibial alignment using smartphone N/A
inclinometer

Frontal plane tibial alignment using a manual N/A
inclinometer

Hip abductor strength using a hand-held dynameter N/A
Hip flexion-extension during unipodal stance using 3D N/A
motion analysis

ICOAP-constant pain 100=worst
ICOAP-intermittent pain 100=worst
ICOAP-pain 100=worst
KAM impulse in 3D motion analysis N/A
KAM impulse in 3D motion analysis N/A

o B
< w
BMJ Open S 2 Page 52 of 59
o o
T 3
< ©
= ©
S 8
5 3
Fetnbi
2
Minimum Maximug SNumber of Study
o & estimates
é S 1 McCarthy, 200432
2 5 1 Peter, 2018%
3 5 1 Brisson, 201832
0.4 mm 0.6 mm§§< 2 Jansen, 202157
0.5 mm Al eq 0.7 mm Al &g § 2 Jansen, 202157
24mmAleq 2.8 mm Al 3% w 2 Jansen, 202157
0.7 mm Al eq 1mmAleg3s 2 Jansen, 202157
0.5 ml 06mg83 2 Hunter, 200677
0.4 ml 07masg 2 Hunter, 200677
0.8 ml 13mg3s 2 Hunter, 200677
0.7 ml 1.1ml s 9 & 2 Hunter, 200677
0.01° 0.02° g g 3 VandeStraaten, 202072
e =
7.3 8.7 '> S 2 Yuruk, 201473
o~ 1 McCarthy,200432
2.2mm 22mme, 3 2 Jansen, 202157
1.7 mm 1.8mms 3 2 Jansen, 202157
1.2 seconds 1.5 seconfs 3 2 Piva, 200466
® o ; 61
g_ 3 1 Monticone,2021
© o 1 Tse, 20217
3 o
2 3
2 g 1 Tse, 20217
8 S5
o <
0.3 Nm/kg 0.3 Nm/kg’ 2 2 Tevald, 2016%°
220 46° 2 © 3 VandeStraaten, 202072
& n
2 R ; 40
49.6 538 8 B 2 Singh, 2014
48.7 50.8 2 2 Singh, 201440
23.0 49.6 g 3 Singh, 201440, Harris,
©
) 20133
3 1 Brisson, 2018%2
2 1 Brisson, 201852
®
m
N
=
_|
>
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Outcome tool Score
Knee force sense test using a handheld N/A
dynamometer-reposition error 20°

Knee force sense test using a handheld N/A
dynamometer-reposition error 45°

Knee force sense test using a handheld N/A
dynamometer-reposition error 70°

Knee force sense test using a handheld N/A
dynamometer-reposition error all

Knee joint angle degrees
Knee joint space width mm
Knee joint space width-lateral mm
Knee joint space width-medial mm
Knee joint space width-minimum mm
KOOS-activities of daily living 100=best
KOOS-pain 100=best
KOOS-quality of life 100=best
KOOS-symptoms 100=best
KOOS-PS 100=worst
Knee joint position sense test-analogue inclinometer- N/A
reposition error 70°

Knee joint position sense test-analogue inclinometer- N/A
reposition error 45°

Knee joint position sense test-analogue inclinometer- N/A
reposition error 20°

Knee joint position sense test-analogue inclinometer- N/A
reposition error all

KOS-activities of daily living 100=best
L-test N/A
Load frequency using a triaxial accelerometer N/A
LEFS 100=best

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
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27.8 N 433Ng = 3 Baert, 20185
D [
0 o]
225N 495N3 5 3 Baert, 20185
g OIS
@ 2 N
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= O
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17.4 20.8 8 g 2 Naylor, 201453
17 202 » 2 2 Naylor, 201453
22.4 39.0 z’,_;'. 3 4 Naylor, 2014%5; Singh,
=N 201442
=} ©
2.9 241@ & 3 Naylor, 201463
16.0 3553 5 3 Harris, 2013%; Singh,
o & 2014%
4.0° g8o° 3 § 3 Baert, 2018°!
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Outcome tool Score
NRS- pain 100=worst
Osteophytes-Femur lateral (using knee image) N/A
Osteophytes-Femur medial (using knee image) N/A
Osteophytes-Tibia lateral (using knee image) N/A
Osteophytes-Tibia medial (using knee image) N/A
OKS-summary 100=best
Peak KAM in 3D motion analysis N/A
Peak KAM in 3D motion analysis N/A
Peak KFM in 3Dmotion analysis N/A
Peak KFM in 3D motion analysis N/A
Pelvic abduction-adduction during unipodal stance N/A
using 3D motion analysis

Per cent of voluntary muscle activation using a N/A
dynamometer

Pressure pain threshold-knee- using an algometer N/A
Pressure pain threshold-medial heel using a handheld N/A
pressure algometer

Pressure pain threshold- medial knee using a N/A
handheld pressure algometer

Quadriceps fatigue using surface electromyography- N/A
VMO initial median frequency

Quadriceps fatigue using surface electromyography- N/A
VL initial median frequency

Quadriceps fatigue using surface electromyography- N/A
RF initial median frequency

Quadriceps fatigue using surface electromyography- N/A
VMO final median frequency

Quadriceps fatigue using surface electromyography- N/A
VL final median frequency

Quadriceps fatigue using surface electromyography- N/A

RF final median frequency

BMJ Open

g g
o T
g 3
S ©°
= T
g 3
LN
> o
Minimum Maximur O Number of Study
= gestimates
13.3 19.6 “i S 2 Alghadir, 2016b*7,
) g’ Alghadir, 20184
5.4 mm? 103mme 2 2 Jansen, 2021°%
11.2 mm2 13.4 mm? °§° 2 Jansen, 202157
9.4 mm2 1.6 mm% 5&’ 2 Jansen, 202157
11 mm2 122 mmg_g § 2 Jansen, 202157
6.0 62 052 1 Alghadir, 201748, Harris,
2g¢ 2013%
%E = 1 Brisson, 201852
iy % 5;:_ 1 Brisson, 201852
% o8 1 Brisson, 201852
3’ g 1 Brisson, 201852
=
2.8° 35° 5 = 3 VandeStraaten, 202072
@ =
'J> E 58
= = 1 Kean, 2010
5 3
92.9 kPa 196.3 kPZ' ?‘E; 10 Pratheep, 201857
«
» > 1 Mutlu, 201576
=1 o
a 3
2 1 Mutlu, 201576
3 o
2 3
2 ) 1 Callghan, 200953
8 =
5 & 1 Callghan, 200953
S o©
s ¢
e 5 1 Callghan, 2009
@ &
g 1 Callghan, 20095
)
©
2 1 Callghan, 200953
3
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=3 1 Callghan, 200953
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3 Outcome tool Score Minimum Maximur O Number of Study
4 2 §estimates
5 Quadriceps fatigue using surface electromyography- N/A e 9 1 Callghan, 20093
— N
6 VMO median frequency slope =} g’
7 Quadriceps fatigue using surface electromyography- N/A S i 1 Callghan, 20093
8 VL median frequency slope 3 =
uadriceps fatigue using surface electromyography- o allghan,
9 Quadriceps fati i face el h N/A “mgg, 1 Callghan, 200953
10 RF median frequency slope S gf,
11 Quadriceps isokinetic strength using a dynamometer- N/A 23 § 1 Kean, 2010%
12 absolute value ° § 5
13 Quadriceps isometric strength using a dynamometer- N/A 5.5 37.2 2 S g 3 McCarthy,20086°; Brisson,
14 absolute value 203 201852
15 Quadriceps isometric strength using a dynamometer- N/A 0.3 0.5 g %E;: 2 Brisson, 201852; Kean,
16 normalised to weight ) 8_ o 201058
17 Quadriceps isometric strength using a dynamometer- N/A ; — 1 Kean, 2010%®
18 Normalised to body size 5 5
19 Quadriceps power using a dynamometer N/A &g =Y 1 Brisson, 201852
20 Rectus femoris fatigue slope N/A > 'i 1 McCarthy,2008%°
;; Rectus femoris initial median frequency N/A g_;'. 5 1 McCarthy,20086°
23 Single-leg standing balance test-mediolateral N/A g S 1 Takacs, 2014%8
24 standard deviation e 3
25 Single-leg standing balance test-anteroposterior N/A %’_ g 1 Takacs, 201458
26 standard deviation v o
57 Single-leg standing balance test-path length N/A 3 g 1 Takacs, 201458
28 Single-leg standing balance test-velocity N/A 2 § 1 Takacs, 201498
29 Single-leg standing balance test-area N/A g = 1 Takacs, 201458
Q
:? Six minute walk test N/A 66.3 m 79.0 m 3 fo 2 Naylor, 201453
32 Stair ascent and descent time (seven steps (four of N/A «3, N 1 McCarthy,200432
33 15cm, three of 20cm)) 3 N
34 Stopwatch-based 11- Step stair climb test N/A 0.1 seconds 0.1 seconds £ 2 liima, 201956
35 Star excursion balance test-Raw value N/A g 1 Kanko, 20197
©
36 Star excursion balance test-Normalized (raw value/leg N/A 2 Kanko, 201975
37 length%) %
38 Timed Up and Go test N/A 1.1 seconds 1.1seconds = 2 Alghadir, 20154
9]
39 i
i :
>
42
2‘31 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
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Outcome tool Score
Timed Up and Go test (as a ratio of the original N/A
measurement)

Tinetti Performance-Oriented Mobility Assessment NR
scale- balance subscale

Tinetti Performance-Oriented Mobility Assessment NR
scale- gait subscale

Tinetti Performance-Oriented Mobility Assessment NR
scale- total

Transferring time (distance of 2m to a chair and sit N/A
down, then, walk back to the start)

Trunk-abduction-adduction during unipodal stance N/A
using 3D motion analysis

2-minute walk test N/A
Vastus lateralis fatigue slope N/A
Vastus lateralis initial median frequency N/A
Vastus medialis oblique fatigue slope N/A
Vastus medialis oblique initial median frequency N/A
Verbal Rating Scale for pain

VAS for pain 100=worst
WOMAC-pain 100=best
WOMAC-function 100=best
WOMAC-stiffness 100=best
WOMAC-functional standing/walking 100=best
WOMAC-total 100=worst
SF-36-bodily pain 100=best
SF-36-general health 100=best
SF-36-mental health 100=best
SF-36-physical functioning 100=best
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= gestimates
37.5% Me%a g 2 Naylor, 2014
S o
- o
s > 1 Parveen, 201764
2 &
2 =z
© 1 Parveen, 201764
D N
233 1 Parveen, 201764
ocw
239 1 McCarthy, 200432
n—r@é
QDS
3(/)3
2.6° 2.9° ggg 3 VandeStraaten, 202072
238
5> 1 Suhail and Chaudhary,
5 S 20215
&g = 1 McCarthy,2008°
> ‘-i 1 McCarthy,20080
5 3 1 McCarthy,20086°
= 8 1 McCarthy,20085°
«Q @ .
o g_ 1 Alghadir, 2018%°
8.0 cm 280cma 3 3 Alghadir, 2018%;
g. 8 Naylor,201453
3.4 19.0 = 3 3 Angst, 20183, Alghadir,
=9 2016 a%
3.1 18.7 g =z 3 Angst, 201836 Alghadir,
3 2 2016 a%
48 56 o i 2 Angst, 201836
35 40 & § 2 Angst, 20183
11.7 208 6 Williams, 201243 Alghadir,
9 2016 a%
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2.0 2.2 5 2 Angst, 201836
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1 I S
2 = N
>
3 Outcome tool Score Median Minimum Maximurg— NNumber of Study
4 2  §estimates
5 SF-36-role- physical 100=best 11.2 10.9 115e Q3 2 Angst, 201836
? SF-36-social functioning 100=best 4.1 3.7 45 2 g 2 Angst, 201836
c ]
SF-36-vitality 100=best 5.3 5.1 56 9 2 Angst, 201836
8 P o
9 20-meter walk test N/A 0.9 seconds 0.2 seconds 1.6 secongs = 2 Motyl, 201378
10 30-second fast-paced walk test N/A 32m 0.8m 5.7m g;n:f) 2 Hoglund, 201955
[%2)
1 40-meter fast-paced test N/A 16.3 Eg g 1 Suwit, 202050
o h
g 30 seconds chair stand test N/A 21.2 =% o 1 Suwit, 202050
o
14 3D linear accelerations of the tibia during comfortable N/A 0.3g 0.1g 0.8g ;:*Lg g 12 Turcot, 20087
15 Walk.ing . . agg
16 3D linear accelerations of the femur during N/A 0.3g 01g 1.0g go2 12 Turcot, 20087
17 comfortable walking 52 o
18 3D linear accelerations of the tibia at fast speed N/A 04g 01g 09g 3 g 12 Turcot, 20087
=]
19 3D linear accelerations of the femur at fast speed N/A 0.2¢g 0.0g 06g 5 = 12 Turcot, 20087
e =
20 9-step stair climb test N/A > © Suwit, 20202
21 = S
Q
22 MDC: Minimum Detectable Change, OA: osteoarthritis, BMI: Body Mass Index, MRI: Magnetic Resonance Imaging, 3D: 3-dimessiogal, N/A: Not Applicable, ICOAP:
23 Intermittent and constant osteoarthritis pain, KOOS: Knee injury and Osteoarthritis Outcome Score, KOOS-PS: Knee injury an@)sfgoarthritis Qutcome Score Physical
24 Function Short form, KOS: Knee Outcome Survey, LEFS: Lower Extremity Functional Scale, NRS: Numeric Rating Scale, OKSmOxfgrd Knee Score, KAM: Knee adduction
25 moment, KFM: Knee Flexion Moment, VMO: Vastus Medialis Oblique, VL: Vastus Lateralis, RF: Rectus Femoris, VAS: Visual Analag Scale, WOMAC: Western Ontario and
26 McMaster Universities Arthritis Index, SF-36: 36-item Short Form health survey, §' 8
27 = 3
m ~
28 All the estimates are out of 100. ~ S
29 8 =
30 The median estimates are shaded in blue 2 <
31 s i
«Q
R
34 o
35 z
36 %
37 3
38 =]
®
39 m
40 N
41 r
>
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Location
where item is
reported

TITLE 3
— O
Title 1 | Identify the report as a systematic review. ) 2 Page 1
ABSTRACT o>
Abstract 2 | See the PRISMA 2020 for Abstracts checklist. % g Page2to3
INTRODUCTION o me
Rationale Describe the rationale for the review in the context of existing knowledge. gg § Page 5to 6
Objectives Provide an explicit statement of the objective(s) or question(s) the review addresses. § S @ Page 7, line 96
£38 t0 99
=
METHODS R E
Eligibility criteria 5 | Specify the inclusion and exclusion criteria for the review and how studies were grouped for the syntheses. g g—gs_ Page 8t0 9, line
232 131 t0 150
Information 6 | Specify all databases, registers, websites, organisations, reference lists and other sources searched or consuli&d té"identify studies. Specify Page 7, line 108
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Minimal important change and difference for knee osteoarthritis outcome

measurement tools after non-surgical interventions: a systematic review

ABSTRACT

Objectives: To systematically review and provide estimates of the minimal important
change (MIC) and difference (MID) for outcome tools in people with knee osteoarthritis
(OA) after non-surgical interventions.

Design: A systematic review.

Data sources: MEDLINE, CINAHL, Web of Science, Scopus, and Cochrane
databases were searched up to September 21, 2021.

Eligibility criteria: We included studies that calculated MIC and MID using any
calculation method including anchor, consensus and distribution methods, for any
knee OA outcome tool after non-surgical interventions.

Data extraction and synthesis: We extracted reported MIC, MID and MDC
estimates. We used quality assessment tools appropriate to the studies' methods to
screen out low-quality studies. Values were combined to produce a median and range,
for each method.

Results: Forty-eight studies were eligible (anchor-k=12, consensus-k=1 and
distribution-k=35). MIC values for 13 outcome tools including Knee injury and
Osteoarthritis Outcome Score (KOOS)-pain, activities of daily living (ADL), quality of
life (QOL) and Western Ontario and McMaster Universities Arthritis Index (WOMAC)-
function were estimated using five high-quality anchor studies. MID values for 23 tools
including KOOS-pain, ADL, QOL and WOMAC-function, stiffness and total were
estimated using six high-quality anchor studies. One moderate quality consensus

study reported MIC for pain, function and global assessment. Minimum detectable
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change values (MDC, from distribution method estimates) for 126 tools including

KOOS-QOL and WOMAC-total were estimated using 38 good-to-fair-quality studies.

Conclusion: Median MIC, MID and MDC estimates were reported for outcome tools
in people with knee OA after non-surgical interventions. The results of this review
clarify the current understanding of MIC, MID and MDC in the knee OA population.
However, some estimates suggest considerable heterogeneity and require careful

interpretation.

PROSPERO registration number: CRD42020215952
Keywords: minimal important change; minimal important difference; minimum

detectable change; knee osteoarthritis
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Strengths and limitations of this study

e We estimated MIC (within-group), MID (between-groups), and minimum
detectable change values using anchor, consensus, or distribution methods
papers respectively.

e This systematic review included a defined population of people with knee OA,
after non-surgical interventions.

e High-quality anchor studies were used to contribute to MIC and MID estimates
were assessed using a credibility tool specially designed to evaluate anchor
method papers.

e Consensus and distribution methods papers were evaluated using quality
assessment tools suited to each method.

e Median estimates were used to reflect the synthesised data due to data

skewness.
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INTRODUCTION

The efficacy of therapeutic interventions is commonly evaluated using statistical
significance regardless of patient importance'!. To understand whether differences in
outcome measures after treatment are important to patients, it is necessary to know
what constitutes a minimum important change or difference for the individual or cohort.
These changes and differences are called the minimal important change (MIC) and
difference (MID). There are numerous outcome measures for knee osteoarthritis (OA)
and many estimates of MIC and MID. However, these estimates can arise from
different methodologies leading to variability, confusion and misinterpretation?.
Achieving clarity in this space is crucial as these values are used in regulatory and
clinical decision making®’. This systematic review aimed to provide estimates of MIC
and MID for knee OA outcome measurement tools in people with knee OA after non-

surgical interventions.

MIC and MID are defined as the minimum value of an outcome measure that
the patient, clinician or relevant others perceive as an important change or
difference*89. The MIC considers the change in a clinical outcome measure within a
single group or an individual over time. In contrast, MID considers the difference
between independent groups or between individuals*'9-12. However, the terminology
of MIC and MID is used inconsistently'3. The concept was first described by Jaeschke,
who studied patients’ perceptions of pre- and post-intervention beneficial change®.

This concept later included both improvement'* and worsening?®.
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Three methods are used to estimate MIC and MID: anchor, consensus and
distribution®'6. For the anchor method, MIC or MID values are usually estimated by
referencing the patients’ responses against an externally validated scale (‘anchor’)!’.
The “global rating of change” is most commonly used as the anchor but other methods
(proxy responses or performance based measures) are also used'®. The receiver
operating characteristic (ROC) method for deriving an estimate from anchor questions
has been suggested to be more precise for clinical settings than the mean change
method®'®. In the consensus method, values are directly estimated by a group of
experienced clinicians or patients until a consensus is achieved®. In the distribution
method, values are estimated statistically, based on the variance of the outcome data
using half the standard deviation (SD)'?, one standard error of measurement (SEM)?2°
or minimum detectable change (MDC) which is based on SEM®2'. The anchor method
is widely considered to be the most valid because it is based on patient perception of
what constitutes minimal change or difference'®22. In this paper, we have included
MIC and MID estimates from anchor and consensus-based papers as well as MDC
estimates. MDC estimates, as a distribution measure, are less meaningful because
they do not reflect patient perception, but they do estimate instrument error which is
of value to researchers®2'. For this reason, we included MDC as well as the anchor

and consensus estimates.

Knee OA is a common cause of pain and disability?®. Outcome measurement
tools that include the domains of pain, physical function, patient global assessment
and imaging are recommended to determine the efficacy of therapeutic interventions
in knee OA studies?*. MIC and MID values have been estimated for knee OA outcome

measures in these domains using anchor, consensus, and distribution methods with
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variable results. The variability of the methods used makes the selection of an

appropriate estimate confusing for clinicians, researchers and regulatory bodies2.

The primary objective of this systematic review was to estimate MIC and MID
for knee OA outcome measurement tools based on estimates from high-quality anchor
studies only. The secondary objectives were to determine MIC and MID estimates
based on consensus method and to synthesis MDC values derived from distribution

methods.

METHODS

This systematic review was designed and reported according to the Preferred
Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) statement?>.
The protocol was registered on PROSPERO (registration number:

CRD42020215952).

Literature search

Five databases (MEDLINE, CINAHL, Web of Science, Scopus and Cochrane)
were searched from each database’s respective inception up to September 21, 2021.
A comprehensive search strategy was developed to capture all relevant articles, and
database-specific MESH terms were used. The search strategy was as follows. (*knee
OR genu OR tibiofemoral OR patellofemoral) AND (osteoarthr* OR degenerat*) AND
("MCIC" OR "MCID" OR "MCII" OR "MIC" OR "MII" OR "MPCC" OR "MPCD" OR
"MPCI" OR "MDC" OR "SDC" OR "SDD" OR "CIC" OR "CID") OR ("minim* clinical*

important change™ OR "minim* clinical* important difference* OR "minim* clinical®
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important improvement*™ OR "minim* important change* OR "minim* important
difference™ OR "minim* important improvement®™ OR "minim* perceptible clinical*
change™ OR "minim* perceptible clinical* difference*" OR "minim* perceptible clinical*
improvement* OR "minim* detectable change*" OR "small* detectable change* " OR
"small* detectable difference* " OR "clinical* important change®™ OR "clinical*
important difference*")). The records were exported to EndNote version X9.2 for

reference management.

Study screening and selection criteria

Covidence software (Covidence systematic review software, Veritas Health
Innovation, Melbourne, Australia (www.covidence.org) was used to manage the
selection process. Records identified in the search were uploaded and duplicates were
removed. Screening of titles and abstracts, then full texts, were performed
independently by two reviewers (DS and JC) and conflicts were resolved by a third
reviewer (JS). Included studies incorporated any design that calculated MIC and MID
for any knee OA outcome measurement tool considering improvement after non-
surgical intervention for adults with knee OA, and using any calculation method:
anchor, consensus or distribution methods. We included studies that reported MDC
because MDC is considered as an estimate from the distribution method3. Though
distribution-based approaches such as MDC do not reflect the patients perception,
MDC values are important for researchers to get some idea about instrument error6-21,
We considered studies with MIC or MID values for improvement only and excluded
values for deterioration because improvement values are used to evaluate the efficacy
of treatment. Studies were excluded if the data from participants with knee OA could

not be separated from other conditions, e.g. hip OA or other knee pathologies. Studies
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of MIC, MID and MDC were included even if they used a different terminology e.g.
minimal clinically important change for MIC, minimal clinically important difference for
MID and smallest detectable change or difference or minimal detectable difference for

MDC.

For consistency, we defined the MIC as the pre-post change of one group i.e.
threshold for those who responded that they had minimally improved on the anchor
measure. The MID is defined as the difference (pre-post-change) between two groups
i.e. “minimally improved” and “stayed the same” groups using the anchor response as
defined in previous studies'®1226, The MDC is the minimum change above the
measurement error based upon a given level of confidence®2!'. MDC values for a 90

or 95 confidence interval are labelled as MDC90 or MDC95.

Quality assessment

The quality of the included studies was assessed according to their
methodology. The quality of the anchor studies was assessed using the credibility
instrument developed by Deviji (2020)?” which was designed to assess the credibility
of anchor studies assessing MIC and MID of patient reported outcome measures.
However, we adapted this tool in the following ways. The credibility instrument
includes five core criteria (1. The anchor is rated by the patient, 2.The anchor is
interpretable and relevant to the patient, 3. The MIC or MID estimate of patient reported
outcome measure is precise, 4.The correlation between the anchor and the outcome
measure reported by the patient is satisfactory, and 5.The authors select a threshold
on the anchor that reflects a small but important difference). We adapted criteria 1,3

and 4. For criteria 1 and 4, we included both patient and clinician as relevant anchor
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respondents. For criteria 3, we included performance measures as well as patient
reported outcome measures .We considered the paper to be “high” quality if at least
three of the five criteria were “yes”, “definitely yes” or “to a great extent”; and of “low”
quality if not?®. Consensus studies were assessed using the Critical Appraisal
Screening Program (CASP)-qualitative tool?® which is designed to assess qualitative
studies and is well-suited to consensus studies. The quality was rated as “high”,
“moderate” or “low” based on reliability and credibility3?. Distribution studies were
evaluated using the National Heart, Lung and Blood Institute, National Institute of
Health (NHLBI, NIH) quality assessment tool for before-after (pre-post) studies with
no control group?®! and ratings included “good”, “fair” or “poor” based on reliability and
credibility3’. The quality assessment of included studies was performed by one

reviewer (DS) and a random sample of 20% had an independent second review (AF

or JC) to improve the accuracy32.

Data extraction and analysis

We extracted study characteristics including sample size, participant
demographics, details of the intervention, follow-up time, outcome measurement tools,
calculation method and actual estimate reported based on the method (MIC or MID or

MDC). Additionally, we extracted the details of the anchor used in each study.

We extracted reported MIC, MID and MDC values from each study. We
normalised the values to a 0 to 100 scale. If a study reported MDC as a percentage of
the grand mean (MDC divided by grand mean percentage)33, we converted the data

into MDC90 or 95 for the synthesis.
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All data were synthesised and described as the median estimates. The median
and range (minimum and maximum) of MIC, MID and MDC were calculated using
multiple estimates from the included studies arising from different non-surgical
interventions, calculation methods, time points, and anchors. Mean values were not
calculated due to skewness of distributions34. We excluded low-quality anchor studies
from the median MIC and MID synthesis. Furthermore, we conducted a sub-analysis
to determine median MID based on the ROC method where available because the
ROC estimates are considered to be more precise than mean-change estimates and
recommended at both individual and group level analyses, and in clinical settings® 1°.
Though we planned to conduct a sub-analysis to determine the effect of follow-up time
on MIC and MID, we were unable to do reliable rate estimates because of a limited
number of studies. Therefore, we plotted the values against time including only studies

where the outcome measures were assessed at three-time points or more.

Patient and public involvement

This is a systematic review. Patients or the public were not involved in this study.

Deviations from the protocol

The protocol registered in PROSPERO lists searches in MEDLINE, Embase,
CENTRAL (Cochrane Central Register of Controlled Trial), Web of Science and
CINAHL. However, Embase ceased to be available to the research team, so, Scopus
was substituted. The data synthesis plan to assess MIC and MID in terms of
standardized mean difference (SMD) was not performed due to the skewness of the

distributions. Therefore, we reported median and range for each measure without
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comparison. The planned meta-analysis was prevented by the skewness and
homogeneity of the data and a decision was made to follow a simple descriptive

approach using median estimates that was more accessible?8.

RESULTS

Study selection

The search yielded 2376 studies and after duplicates were removed, 1059
records were screened. Two hundred and seventeen studies were screened in full-
text review resulting in 48 eligible studies (k=48) (Figure 1). No further studies were

identified after checking the reference lists of included studies.

Included studies calculated MIC and MID by anchor method (k=12), by

consensus method (k=1) and MDC by distribution method (k=35).

The methodological quality of included studies

Most anchor studies (k=10) were of high quality and two were of low quality3°-36
(Supplement 1). The quality of the consensus study (k=1) was moderate
(Supplement 2). The quality of distribution studies ranged from good (k=11) to fair

(k=24) (Supplement 3).

Study characteristics of included studies
All the anchor studies were observational prospective cohort studies4:15.35.37-43
and two of them were nested within randomised controlled trials3644 (Table 1). The

number of participants in each study ranged from 41 to 1606. The mean age and body
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mass index ranged from 57.1 to 67.9 years and from 28.1 to 33 kg/m?, respectively.
The interventions used in these studies were rehabilitation, exercise, physiotherapy
and non-steroidal anti-inflammatory drugs. The follow-up time ranged from seven days
to one year. Eleven studies used global rating of change as the external anchor while
one study** used multiple anchors. Most anchor studies (k=6) 36-39:4244 reported MID
values only, four studies'+404143 reported MIC values only and two studies!s3%
reported both MIC and MID. Four of these studies3°37:4142 also reported MDC values.
Moreover, studies used different anchor questions and group classifications when
calculating MIC and MID. For example, one MIC study3® considered the minimal
improved response group as “my knee has got better” and another study+® considered
the response group as both “good” and “excellent” improvement groups (Supplement

4).
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Study

Number of
participants; Age,
years, Mean (SD)

Intervention (Follow-up)

Outcome tool

n JoJ Bujpnjoul ‘1ybruAdoo Aq |
U0 920£00-2202-uadolwa/9gTT

Calculation method
(Measure extracted)

Tubach, 20054

Mills, 201615
McCarthy, 200433

Harris, 201335

Klokker, 201636
Angst, 2018%

Hmamouchi,
201238
Mostafaee, 202139

Ornetti, 201140
Singh, 201441

Williams, 201242

Perrot, 201343
Lee, 201744

Salottolo, 201845
Alghadir, 201546
Alghadir, 2016 a4’
Alghadir, 2016 b*8
Alghadir, 20174°
Alghadir, 201850
Suwit, 202051
Baert, 201852

Brisson, 201853

Callghan, 200954

603; 67.9 (10.2)

272; NR
15; 65.1 (11.3)

134; 59 (11)
41; NR
190; 66.1 (10.2)
173; 57.1 (10.1)
142; 58.3 (7.6)
881; 67.1 (10.9)
137; NR
159; NR
1606; 66.9 (9.0)
165; 61
27 (clinicians); NR
65; 54.9 (9.9)
121;52.9 (9.3)
121; 54.0 (9.3)
97; 58 (11.5)
121; 52.9 (12.5)
55; 69.0 (11)
8 (12 knees); 68 (11)

46; 61.0 (6.6)

55; 64 (14)

NSAID (4 weeks)

Non-surgical (26,52 weeks)
Exercises (1 week)

Non-operative (3 months)

exercises (12 weeks)
Rehabilitation (3 months)

NSAID (6 weeks)
Physiotherapy (4 weeks)
NSAID (4 weeks)
Conservative (2 weeks)

Exercise (2, 6, 12 months)

Usual care (7 days)
Thai Chi or Physical
therapy (12 weeks)
NR
NR
NR (48 hours)
NR (48 hours)
NR (1 week)
NR (24 hours)
NR (1 week)
NR (3 seconds)

NR (6 months, 24 months)

NR (24- 72 hours)

Pain on VAS on movement; Patient’s glob@l assessment of
disease activity on a VAS; WOMAC-fungtior_subscale
KOOQOS-pain, activities of daily living, jg of life
Aggregated locomotor function score; EIngﬁbF@F walk time;
Stair ascent and descent time; TranstediRg time
OKS- pain, function, summary; ICOARS 5®OS-PS

>
o
«Q

B 1X3l
umoq

DAP
WOMAC-pain, function, functional standmg?)nzs@lklng and
stiffness; SF-36-bodily pain, physical fuvggtmgng role-
physical, vitality, social functioning, men&loa@; general
WOMAC-total ; S o=
o

KOOS-pain, symptoms, activities of daily H:”;/‘ingisports and
recreation, and quality of IR =
WOMAC-function; Patient-reported functiorl disability on an
NRS; Physician reported functional dlsa@lty n an NRS
ICOAP-pain, constant pain, intermittent pain; EO0S-PS;
KOOS-quality of life 3 3

KOS-activities of daily living subscale; LEI%; V\é_OMAC-total
a 3
© o
Pain on a 0-10 NRS at rest and mgver%nt
PROMIS-Short Forms- physical function, ggin Rterference
depression, anxiety _ S
Pain, Function and Global asses%m@t
Timed Up and Go test 5 2
WOMAC- Arabic version-pain, func%on,@otal
NRS for pain- Arabic versi¢h
OKS- Arabic version § 1
VAS for pain; NRS for pain; Verbal Rating Scale for pain
30-seconds chair stand; 40-meter fast-paced testy 9-step climb
Knee joint position sense test using analogue clinometer;
Knee force sense test using a handheld dyné’{nometer
Peak KAM, KAM impulse and Peak KFM using3D motion
analysis; Quadriceps strength and power using dynamometer;
Load frequency using a triaxial acceleromeigr; BMI
Quadriceps fatigue using surface electromyBgraphy
X
>
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Anchor (MIC)

Anchor (MIC and MID)
Distribution (MDC95)

Anchor (MIC, MID);
Distribution (MDC90)
Anchor (MID)
Anchor (MID);
Distribution (MDC95)

Anchor (MID)
Anchor (MID)
Anchor (MIC)

Anchor (MIC);
Distribution (MDC90)
Anchor (MID);
Distribution (MDC90,
MDC95)
Anchor (MIC)
Anchor (MID)

Consensus (MIC)
Distribution (MDC95)
Distribution (MDC95)
Distribution (MDC95)
Distribution (MDC95)
Distribution (MDC95)
Distribution (MDC90)
Distribution (MDC95)

Distribution (MDC95)

Distribution (MDC95)
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263
264
265
266
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Suhail and
Chaudha, 202155
Hoglund, 201956

82; 60.4 (6.7)

20; 58.3 (8.05)

NR (48 hours)

NR (2-7 days)

BMJ Open

2-minute walk test

pnjoul ‘1ybruAdoo Aq |
0£90-2202-uadolwa/9eT

30-second fast-paced walk @ét

Distribution (MDC95)

Distribution (MDC95)

liima, 201957 59; 59.1 (6.1) NR (1 month) Stopwatch-based 11- Step stair clynb st Distribution (MDC90,
- 0o MDC95)
Jansen, 202158 103; NR NR (1 month) Knee image: bone density, joint space wi@h, q:steophytes, Distribution (MDC95)
eminence height, and joint argle ©
Kean, 2010%° 20; 53.6 (9.1) NR (same day) Quadriceps isokinetic strength, isometric st@r}giﬁ and percent Distribution (MDC90)
of voluntary activation using a dyn%r@rﬁeter
Klokker, 2015%0 20; 64 (6.6) NR (1 week) DAP o.g Q Distribution (MDC95)
McCarthy, 2008%" 55;64.9 (9.7) NR (1 week) Maximum isometric strength; Vastus mediaE’sgtﬁHque, Vastus Distribution (MDC95)
lateralis, Rectus femoris-initial median fréﬁuelgy; Vastus
medialis oblique, Vastus lateralis, Rectus feﬁslc%iﬁfatigue slope
Monticone, 202162 102; 69.1 (9.0) NR (10 days) Fremantle Knee Awareness Questionnair8, ﬁ%an version Distribution (MDC95)
Nalbant, 202163 25;62.3 (9.8) NR (same day) L-test g S 2 Distribution (MDC95)
Naylor, 2014564 75; 67.6 (9.4) NR (10 days) VAS for pain; Six Minute Walk Test; TimedﬁL&n @and Go test; Distribution (MDC95)
KOOS-pain, symptoms, activities of daily liging,-guality of life
Parveen, 201765 25; 50.5 (6.3) NR (7 days) Tinetti Performance-Oriented Mobility Asse megt scale- total, Distribution (MDC95)
balance subscale, gait subscgle Z
Peter, 201866 135; NR NR (1 week) Animated activity questionn&fre = Distribution (MDC95)
Piva, 200467 25; 57 (8) NR (same day) Getup and Go test 2> 2 Distribution (MDC95)
Pratheep, 201858 20; 70.3 (5.8) NR (2 weeks) Pressure pain threshold using algomeier Distribution (MDC95)
Takacs, 201469 20; 64.1 (7.9) NR (14 days) Single-leg standing balance ®st - Distribution (MDC95)
Tevald, 20167° 25; 61 (9) NR (7 days) Hip abductor strength using a hand-hefl dypameter Distribution (MDC95)
Tse, 20217 38; 65.1 (7.0) NR (same day) Frontal plane tibial alignment using i‘f?clin_@meter Distribution (MDC95)
Turcot, 200872 25;63.9 (7.6) NR (8 days) 3D linear accelerations of the tibia and ferrar dging walking Distribution (MDC95)
Van der Straaten, 19; 65.1 (5.2) NR (20 days) Range of motion (trunk abduction-adductior}%pe@is abduction- Distribution (MDC95)
202078 adduction, hip flexion-extension) and Cgntepof mass
displacement 5 3
Yuruk, 201474 40; NR NR (One day) De Motion Mobility Index (Turkish Yersin) Distribution (MDC90,
8 =z MDC95)
Ravaud, 199975 30; 65.4 (7.7) NR (2 weeks) Joint space width 3 & Distribution (MDC95)
Kanko, 201976 74;57.7 (8.8) Exercises (1 week) Star excursion balance te% © Distribution (MDC95)
Mutlu, 201577 73 (141 knees); 56.2 Physiotherapy (4 weeks) Pressure pain threshold using a handheld peessiye algometer Distribution (MDC90)
(6.7) 3 B
Hunter, 200678 72;58.9 (8.6) Novel ther (6 months) Cartilage volume using X-ray, MRI (Femuir, Patijella, Tibia) Distribution (MDC95)
Motyl, 20137° 15;61.0 (7.8) Steroid injection (20 days) 20-meter walk test o Distribution (MDC95)

MIC: Minimal Important Change, MID: Minimal Important Difference, MDC90: Minimum Detectable Change based on 90% confidené&s interval, MDC95: Minimum Detectable
Change based on 95% confidence interval, NR: Not Reported, WOMAC: Western Ontario and McMaster Universities Arthritis Inde% SF-36: 36-item Short Form health
survey, OKS: Oxford Knee Score, ICOAP: Intermittent and Constant Osteoarthritis Pain, KOOS-PS: Knee injury and Osteoarthritis Gutcome Score Physical Function Short
form, KOOS: Knee injury and Osteoarthritis Outcome Score, DAP: Dynamic weight-bearing Assessment of Pain, PROMIS: Patient—lgeported Outcome Measurement
Information System, NRS: numeric rating scale, VAS: Visual Analog Scale, KOS: Knee Outcome Survey, LEFS: Lower Extremity Fypctional Scale, KAM: knee adduction
moment, 3-dimensional: 3D, KFM: knee flexion moment, MRI: Magnetic Resonance Imaging m

v11-Z
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The consensus study (k=1)*° (Table 1) used a questionnaire to survey 27
clinicians from a range of specialities (orthopaedic (38%), rheumatology (33%),
internal medicine (19%), and other (9%)). The clinicians were asked about MIC values
for pain, function and global assessment for severe knee OA. However, participants
were not asked to consider time duration nor the interventions. MIC was termed

“minimal clinically important improvement” in this study.

Most distribution studies (k=30) that reported MDC, were test-retest
observational studies*-7> assessing the reliability of the outcome tool, and five used
datasets from interventional cohort studies’®”” and randomised controlled trials33.78.7°
(Table 1). In the distribution studies (k=35), the number of participants in each study
ranged from 8 to 135. The mean age and body mass index ranged from 50.5 to 70.3
years and from 22.7 to 35 kg/m?, respectively. Studies estimated MDC90 and MDC95.

The follow-up time ranged from the same day to one year.

The MIC estimates derived using the anchor method

The median MIC for 13 tools (with subscales) were calculated based on five
high-quality anchor studies’4154041.43 ysing 23 estimates (Table 2). These estimates
were based on different underlying calculations, follow-up time and anchor questions.
Methods for calculating MIC included: mean change (pre and post mean change of
the minimally improved group) 81541 75t centile value of the mean change of the
group#%43 and 75" centile value adjusted with the baseline score, age, and disease
duration’. Most studies included one follow-up time (range: 7 days to 4 weeks), but

one study'® reported MIC at two time-points (26 and 52 weeks). One anchor question
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was used in most studies, however, two studies'®*° reported different MIC values

based on two different anchor questions (general health status and functional state).

Table 2: Minimal Important Change (MIC) values of knee osteoarthritis outcome tools derived using the anchor
method

Outcome tools Score Minimum Maximum  Number Study
of
estimates
ICOAP-pain 100=worst 1 Singh, 201441
ICOAP-constant pain 100=worst 1 Singh, 201442
ICOAP-intermittent pain 100=worst 1 Singh, 201441
KOOS-pain 100=best 4.3 20.1 4 Mills, 201615
KOOS-activities of daily 100=best 8.2 8.7 2 Mills, 201615
living
KOOS-quality of life 100=best 8.0 11.6 2 Mills, 201615; Singh,
201441
KOOS-PS 100=worst 1 Singh, 20144
Pain on NRS at rest 100=worst 10 10 2 Perrot, 201343
Pain on VAS on 100=worst 1 Tubach, 2005
movement
Patient-reported 100=worst 27.2 27.9 2 Ornetti, 201140
functional disability on
an NRS
Patient’s global 100=worst 1 Tubach, 20054
assessment of disease
activity on VAS
Physician-reported 100=worst 25 25.5 2 Ornetti, 201140
functional disability on
an NRS
WOMAC-function 100=worst 9.1 17.1 3 Tubach, 2005'4;

Ornetti, 201140

MIC: Minimal Important Change, ICOAP: Intermittent and constant osteoarthritis pain, KOOS: Knee injury and
Osteoarthritis Outcome Score, KOOS-PS: Knee injury and Osteoarthritis Outcome Score Physical Function Short
form, NRS: numeric rating scale, VAS: Visual Analog Scale, WOMAC: Western Ontario and McMaster
Universities Arthritis Index, OKS: Oxford Knee Score

All the scores are from 0 to 100

The median estimates are shaded in blue
Estimates based on low-quality studies are shaded in grey
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The MID estimates derived using the anchor method

The median MID for 23 tools were calculated based on six high-quality anchor
studies5:37-394244.46 ysing 83 estimates (Table 3). These estimates were based on
different underlying calculations, follow-up time, and anchor questions. Methods for
calculating MID included: ROC method?® only (k=3)383%942 mean change (Redilmier
and Lorig) method only (pre-post mean change difference between two groups)8’
(k=1)3%7, both ROC and mean change methods (k=1)'5, and mean change in T-scores
with multiple anchors (k=1)*. Most studies (k=4) included one follow-up (range: 4 to
12 weeks), but two studies included MID at multiple time-points e.g. 2, 6 and 12
months'542, One anchor question was used in most studies, however, one study used

multiple anchors*4.
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Table 3: Minimal Important Difference (MID) values of knee osteoarthritis outcome tools derived using the anchor

method
Outcome tools Score
KOOS-pain 100=best
KOOS-activities of daily 100=best
living
KOOS-quality of life 100=best
KOOS-sports/recreation 100=best
KOOS-symptoms 100=best
KOS-activities of daily 100=best
living
LEFS 100=best
PROMIS Short Forms- 100=worst
physical function”
PROMIS Short Forms- 100=worst
pain interference’
PROMIS Short Forms- 100=worst
depression”
PROMIS Short Forms- 100=worst
anxiety”
WOMAC-pain 100=best
WOMAC-function 100=best
WOMAC-stiffness 100=best
WOMAC- 100=best
standing/walking
WOMAC-total 100=best
SF-36-bodily pain 100=best
SF-36-physical function 100=best
SF-36-role-physical 100=best
SF-36-vitality 100=best
SF-36-social function 100=best
SF-36-mental health 100=best

SF-36-general health

100=best

Medi
an

Minimum  Maximum  Number of Study
estimates
4 17 13 Mills, 201615;
Mostafaee, 20213
-1.5 15.5 7 Mills, 201615;
Mostafaee, 202139
3 12.5 7 Mills, 201615;
Mostafaee, 20213
1 Mostafaee, 202139
1 Mostafaee, 202139
2.2 10.6 6 Williams, 201242
0.6 15.6 6 Williams, 201242
45 5.3 NR Lee, 201744
4.2 4.2 NR Lee, 201744
6 6.2 NR Lee, 201744
4.5 6.6 NR Lee, 201744
71 21 3 Angst, 2018%7
11.3 14.9 3 Angst, 201837
16.2 23.8 3 Angst, 2018%7
59 10.2 2 Angst, 201837
1.6 16.8 8 Williams, 201242;
Hmamouchi, 201238
8.2 10.4 2 Angst, 20183%7
3.8 4.2 2 Angst, 2018%7
7.5 9.5 2 Angst, 201837
4.16 49 2 Angst, 201837
2.6 7.0 2 Angst, 201837
2.9 5.2 2 Angst, 201837
6 7.2 2 Angst, 2018%7

MID: Minimal Important Difference, OA: osteoarthritis, KOOS: Knee injury and Osteoarthritis Outcome Score,

KOS: Knee Outcome Survey, LEFS: Lower Extremity Functional Scale, PROMIS: Patient-Reported Outcome
Measurement Information SystemSF36: 36-item Short Form health survey, WOMAC: Western Ontario and
McMaster Universities Arthritis Index, DAP: Dynamic weight-bearing Assessment of Pain, ICOAP: Intermittent
and constant osteoarthritis pain,KOOS-PS: Knee injury and Osteoarthritis Outcome Score Physical Function
Short form, OKS: Oxford Knee Score

All the scores are from 0 to 100

*Estimates were reported as a range
The median estimates are shaded in blue
Estimates based on low-quality studies are shaded in grey
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MID estimates based on the ROC method were reported and compared with
MID estimates for all methods. Four'5:38:3942 of six studies (67%) used the ROC

method. The ROC estimates were the same as the overall estimates in most cases

(Table 4).

BMJ Open

Table 4: Comparison of receiver operating curve (ROC) method based Minimal Important Difference (MID)
estimates with overall estimates

ROC method-based ROC method- Estimates Number of
estimates, based, regardless of estimates-
Median (range) Number of calculation Regardless of
estimates (study) method, calculation
Median method,
(range) (study)
KOOS-pain 11.8 (4.0 to 18.0) 8 11.8 13
(Mills, 201615; (4.0t0 17.0) (Mills, 201615;
Mostafaee, 202139) Mostafaee, 202139)
KOOS-activities of 12 (-1.5 to 155) 5 12.5 7
daily living (Mills, 201615; (-1.5to 15.5) (Mills, 201615;
Mostafaee, 202139) Mostafaee, 202139)
KOOS-quality of life 6.5 (3.0 to 12.5) 6 6.5 7
(Mills, 201615; (3.0to 12.5) (Mills, 201615;
Mostafaee, 202139) Mostafaee, 202139)
KOOS- 17.5 1 17.5 1Mostafaee,
sports/recreation (Mostafaee, 202139) 202139)
KOOS-symptoms 12.5 1 12.5 1
(Mostafaee, (Mostafaee,
202139) 202139)
KOS-ADL 6.4 (2.2 to 10.6) 6 6.4 6
(Williams, 201242) (2.2 to 10.6) (Williams, 201242)
LEFS 6.9 (0.6 to 15.6) 6 6.9 6
(Williams, 201242) (0.6 to 15.6) (Williams, 201242)
WOMAC-total 7.8 (1.6 to 16.8) 8 7.8 8
(Williams, 201242, (1.6 to 16.8) (Williams, 201242,
Hmamouchi, Hmamouchi,
201238) 201238)

ROC: Receiver Operating Curve, MID: Minimal Important Difference, KOOS: Knee injury and Osteoarthritis
Outcome Score, KOS: Knee Outcome Survey, LEFS: Lower Extremity Functional Scale, WOMAC: Western

Ontario and McMaster Universities Arthritis Index

All the estimates are out of 100.

The median estimates are shaded in blue
Shaded in green: Estimates of these MID values were based on the ROC method only

The effect of follow-up time on MIC and MID

There were insufficient data to establish reliable rate estimates for the effect of

time. The MIC of Knee injury and Osteoarthritis Outcome Score (KOOS)-pain and
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KOOS-quality of life (QOL) and, the MID of KOOS-pain, KOOS-QOL, Knee Outcome
Score (KOS)-activity of daily living (ADL), Lower Extremity Functional Scale (LEFS)
and Western Ontario and McMaster Universities Arthritis Index (WOMAC)-total were
assessed at more than three different time points. The MIC of KOOS-QOL and, MID
of KOOS-QOL, LEFS and KOS-ADL appeared to increase with increasing follow-up
time. However, MIC of KOOS-pain and MID of WOMAC-total appeared to reduce with

follow-up time and KOOS-pain remained constant (Supplement 5).

MIC values derived using the consensus method
One consensus study+® reported that MIC for pain, function and global

assessment were 20% of the maximum score.

The MDC estimates derived using the distribution method

The median MDC was calculated for 126 tools based on 38 studies (35 good-
to-fair distribution and three high-quality anchor studies) using 308 estimates
(Supplement 6). These estimates were based on different calculation methods and
follow-up times. Four included studies reported MDC90 values only4'.51.5%.77 and 29
studies reported MDC95 values only. Five studies3742:57.64.74 reported both the MDC90
and MDC95 values. Most studies (k=37) reported unadjusted MDC, while one study
reported both the adjusted and unadjusted estimates3’. Six studies separately
reported inter/intra-rater MDC values#6:52.56.60.67.73 Fyrthermore, three studies reported
distinct values for two patient groups in each study, for example, the placebo group
and the treatment group’®, the most painful and the least painful groups’®, and the
groups that reported moderate improvement (“great deal better’) and MCID

improvement (“somewhat better”)*'. Most studies assessed the index (worst) knee,
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but one study based the estimate on all diseased knees (12 knees in 8 patients)>2.
Regarding the time point of MDC estimation, most studies (k=39) reported MDC
estimates at one time-point only, but one study reported MDC estimates at three-time

points (2, 6 and 12 months)*2.

DISCUSSION

This systematic review provided estimates for MIC and MID of knee OA
outcome tools after non-surgical interventions derived using anchor, consensus and
distribution methods respectively. This review is unique in that it provides estimates
for MIC, MID (based on high-quality studies) and MDC (from good to fair-quality
studies) of knee OA outcome tools after non-surgical interventions. MDC was reported
for a greater number of outcome measures (126) than for MIC (13) or MID (23). MID
estimates based on the ROC method were similar to the overall median estimates,
however, the majority of MID studies used the ROC method. Although we found that

some MIC and MID appear to increase with follow-up time, this was not consistent.

The estimates for MIC and MID reported in this review are lower than those
reported previously®2-84. Previous reviews which included knee replacement
interventions®-84 produced higher estimates suggesting that knee replacement
cohorts need more improvement to be satisfied. The MID values for WOMAC-pain and
function in this review ranged from 7.1 to 21 and 11.3 to 14.9 (out of 100) respectively;
compared to reviews of total knee replacements which reported values ranging from
4.0 to 47.9 and 1.8 to 33.0 (out of 100)82-%4. This disparity may be due to differences

in disease severity which has been previously reported based on baseline pain
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score®1585 Therefore, our data is more applicable to patients and cohorts receiving
non-surgical interventions. Furthermore, previous knee OA intervention studies have
used MID estimates from studies with combined hip and knee OA86-87_ Given that MID
is sensitive to disease type®, our median estimates are likely to be more applicable to

the knee OA population.

Some of the median estimates presented in this study suggest considerable
heterogeneity. For example, the MID for WOMAC-pain was 8.7, but, the range
extended from 7.1 to 21. These wide ranges are seen for other estimates including
MIC for KOOS-pain, KOOS-QOL and LEFS. The median estimate was used because
it is robust when data is skewed. However, the uncertainty which accompanies the

wide ranges reported must be acknowledged.

MDC was reported for more outcome measures than MIC or MID. MDC is
derived from data distribution only, unlike MIC and MID which are related to patients’
perception'”22, Researchers may use MDC estimates as an option if MIC or MID are
not reported. Yet, according to the results of this study and others, MDC can be larger
or smaller than MID#10. Hence, researchers using MDC estimates from single studies
to establish a sample size may over-or under-estimate the number of participants

required for a given power.

The ROC estimates were similar to the synthesised MID estimates which used
all calculation methods. Our synthesised estimates were based on a combination of
both the mean change®' and ROC methods®. However, the ROC estimates are

reported to be more precise, and can be applied to both individuals and groups and
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are recommended in clinical settings®'5. Moreover, the area under the curve of the
ROC has the advantage of being able to interpret the level of confidence for the MID
estimate from acceptable to outstanding discrimination between responders and non-
responders’’. Therefore, we recommend using our median ROC based MID estimates

where possible.

Although we found that some MIC and MID appear to increase with follow-up
time, this was not consistent. Two previous studies’®42 suggested that there may be
an effect of time, due to changing of perceptions over time (response-shift), especially
in patients with chronic conditions'®-88_ Additionally, recall bias is affected by increased
follow-up time and may also affect estimates®27.89. Therefore, although the
consistency of follow-up time must be considered, more data is required to determine

the effect of follow up time on MIC and MID.

One of the studies included in this review used the consensus method. They
reported that MIC was 20% of the maximum score for pain, function and global
assessment*S, but, our anchor studies data suggest that MIC is highly variable (2.2 to
27.6 out of 100) depending on the outcome measurement. Therefore, the blanket

application of 20% may not be suggested regardless of the tool used.

In this review, we considered only MIC, MID and MDC but there are other
measures of clinical improvement. While the MIC and MID are used to assess
meaningful clinical effects, recent reports have questioned the applicability of these
concepts as they do not consider the costs, risks, benefits and inconvenience of the

treatment. The smallest worthwhile effect (SWE) was developed using the benefit-
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harm trade-off method, described by Barrett in 2005°. The SWE is defined as the
smallest amount of improvement which is identified by the patient as worthwhile when
considering the improvement outweighing risks and inconvenience®’ and the
estimates are always compared to natural recovery®2. However, only one study has
reported SWE for people undergoing total knee replacement®. Other studies have
evaluated “patients acceptable symptom state” (PASS) which is the symptom state
that patients consider acceptable or when they feel “well” after treatment84.94.95. PASS
estimates for WOMAC function are reported to be between 31 and 34.4°. These
values are much higher than our MIC median estimate of 17 (9.1 to 17.1). Although
MIC and MID are still commonly used, the development of this field of research will
enable value judgements as well as clinical judgements to be considered in the

interpretation of clinical trials of interventions.

This systematic review should be considered in light of its limitations. The
results of this review have been affected by heterogeneity of the included studies
including: sample size, participant demographics, severity of knee OA, varied
interventions, follow-up time and calculation methods. Median estimates were used
because of the data skewness, but some of the ranges were wide, challenging the
certainty of some of these estimates. The reader is encouraged to take the range of
the data into account when interpreting the results. Previous evidence suggests that
data from follow-up times of less than one month are more reliable?”-°7-98, However,
we included all estimates regardless of follow-up time. Statistical analysis was not
conducted to determine the effect of follow-up time due to limited available data, but
this is an interesting area for further study. The grey literature was not searched for

this review.
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This review presents median estimates for MIC, MID and MDC of people with
knee OA following non-surgical interventions. A subset of MID estimates based on the
ROC method is reported and, where available, this estimate is recommended as the
most precise for both individual and group analyses and clinical settings. MDC
estimates are available for more outcome measures but are purely statistical and
arguably less applicable. This review clarifies the current understanding of MIC, MID
and MDC in the knee OA population. However, some estimates suggest considerable

heterogeneity and require careful interpretation.
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Supplement 1: Quality of anchor studies assessed using the Devji (2020) credibility instrument

oNOYTULT D WN =

uo 920¢90-220z-uadolwa/9geT]

Study Item 1" Item 2# Item 3# Item 4# Item 5# The overall
quality of the
studies**
Angst, 2018 Yes Impossible to tell Definitely No To a greater extent & a great extent High
Harris, 2013 Yes To a great extent Impossible to tell Not so much § Definitely No Low
Hmamouchi, 2012 Yes Not so much Impossible to tell To a greater extent 0 a greater extent High
Klokker, 2016 Yes To a great extent Impossible to tell Definitely No g QNot so much Low
Lee, 2017 Yes Definitely Yes Impossible to tell To a greater extent S #thpossible to tell High
Mills, 2016 Yes Definitely Yes Not so much To a greater extent =3 gDefiniter Yes High
Mostafaee, 2021 Yes To a great extent To a great extent To a great extent S § Not so much High
Ornetti, 2011 Yes To a great extent Impossible to tell To a greater extent §gDefinitely No High
Perrot, 2013 Yes To a great extent Not so much Definitely Yes S £ Not so much High
Singh, 2014 Yes To a great extent Impossible to tell Not so much __fp a great extent High
Tubach, 2005 Yes To a great extent Impossible to tell Definitely Yes o Not so much High
Williams, 2012 Yes Not so much Impossible to tell To a greater extent iDefiniter Yes High

Item 1: Is the patient or necessary proxy responding directly to both the PROM and the anchor?
Item 2: Is the anchor easily understandable and relevant for patients or a necessary proxy?
Item 3: Has the anchor shown a good correlation with the PROM?
Item 4: Is the MID precise?
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Item 5: Does the threshold or difference between groups on the anchor used to estimate the MID reflect a small but important dfferance?
o
(%]

* The responses to items: Yes, No, Impossible to tell =1

# The responses to items: Definitely yes, To a great extent, Not so much, Definitely no, Impossible to tell 5

** gverall quality: three of the five criteria were met “Yes” or “definitely yes” or “to a great extent”, the paper is of “high” quality Ifﬁot, at the paper is of “low” quality?’
(o]
>0

Low quality (credibility) studies are shaded. S
o
«Q

PROM: Patient-Reported Outcome Measure, MID-Minimal Important Difference (In this study minimal important change/diﬁere@;ﬁe)
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5 (Author, @ Q9 quality of
6 Year) g ° the studies
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13 T3 knowledge or
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21 Item 6: Has the relationship between researcher and participants been adequately considered? % §
22 Item 7: Have ethical issues been taken into consideration? o 3
Item 8: Was the data analysis sufficiently rigorous? 2. 0o
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Item 10: How valuable is the research? 2 T
25 a 3
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Supplement 3: Quality of distribution studies assessed using the National Institute of Health (NIH) quality assessment tool for t%fo -after (pre-post) studies with no control
group?: 2 3
Study (Author, Year) Criteria  Criteria Criteria Criteria Criteria Criteria Criteria Criteria Criteria c%rit%ia Criteria  Criteria Overall
1# 2# 3# 4+# 5# 6# 7# 8# 9# §102’ 11 # 12 # quality #
Alghadir, 2017 Yes Yes Yes Yes Other Other Yes Other Yes < Yes Yes Other Fair
'_\
Alghadir, 2018 Yes Yes Yes Yes Other Other Yes Other Yes 3 Yézg Yes Other Fair
Alghadir, 2016 b Yes No Yes Yes Yes Other Yes Other Yes % e Yes Other Fair
Alghadir, 2017 Yes Yes Yes Yes Other Other Yes Other Yes g 86@ Yes Other Fair
Baert, 2018 Yes No Yes Yes Other Other Yes Other Yes b= gsg Yes Other Fair
Baert, 2018 Yes Yes Yes Yes Other Other Yes Other Yes 5; g§ Yes Other Fair
—Q
Brisson, 2018 Yes Yes Yes Yes Yes Other Yes Other Yes o ¥es Yes Other Good
o
Callaghan, 2009 Yes No Yes Yes Yes Other Yes Other Other 2 %@ Yes Other Fair
Hoglund, 2019 Yes Yes Yes Yes Yes Other Yes Other Yes 2% Q68 Yes Other Good
Hunter, 2006 Yes Yes Yes Yes Other Other Yes Other Other g Y6_3§s Yes Other Fair
ljima, 2019 Yes Yes Yes Yes Other Yes Yes Other Yes g Yes Yes Other Fair
Jansen, 2021 Yes Yes Yes Yes Other Yes Yes Other Yes ;_> Yéli Yes Other Fair
Kanko, 2019 Yes Yes Yes Yes Yes Yes Yes Other Yes g Y% Yes Other Good
Kean, 2010 Yes Yes Yes Yes Other Other Yes Other Yes g Y% Yes Other Fair
Klokker, 2015 Yes Yes Yes Yes Yes Other Yes Other Yes i qu?s Yes Other Good
O
McCarthy, 2004 Yes Yes Yes Yes Other Other Yes Other Yes aYes Yes Other Fair
McCarthy, 2008 Yes Yes No No Other Other Yes Other Yes % Y@ Yes Other Fair
Monticone, 2021 Yes Yes Yes Yes Yes Other Yes Other Yes 5 Y% Yes Other Good
Motyl, 2013 Yes Yes Yes Yes Yes Other Yes Other Yes FOD' Yeé Yes Other Fair
Mutlu, 2015 Yes Yes Yes Yes Yes Yes Yes Other Yes ERTT Yes Other Good
o
Nalbant, 2021 Yes Yes Yes Yes Yes Other Yes Other Yes o Yé'Ng Yes Other Good
«Q
Naylor, 2014 Yes Yes Yes Yes Other Other Yes Other Yes é' Yés Yes Other Fair
( &)
Parveen, 2017 Yes Yes Yes Yes Yes Other Yes Other Yes Yes Yes Other Fair
Peter, 2018 Yes Yes Yes Yes Other Other Yes Other Yes Yé&s Yes Other Fair
©
Piva, 2004 Yes Yes Yes Yes Other Other Yes Other Yes Yes Yes Other Fair
Pratheep, 2018 Yes Yes Yes Yes Other Other Yes Other Yes Y% Yes Other Fair
Ravaud, 1999 Yes Yes Yes Yes Other Other Yes Other Yes Ye:% Yes Other Fair
m
N
=
_|
>
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3 Study (Author, Year) Criteria  Criteria Criteria Criteria Criteria Criteria Criteria Criteria Criteria %rit&ia Criteria  Criteria Overall
4 1# 2# 3# 4+# 5# 6# 7# 8# 9# 9103 11 # 12 # quality #
5 Suhail and Yes Yes Yes Yes Yes Other Yes Other Yes Q Y% Yes Other Good
6 Chaudhary, 2021 g ©
7 Suwit, 2020 Yes Yes Yes Yes Other Other Yes Other Yes S Yes Yes Other Fair
'_\
8 Takacs, 2014 Yes Yes Yes Yes Other Other Yes Other Yes o Y% Yes Other Fair
?O Tevald, 2016 Yes Yes Yes Yes Other Other Yes Other Yes % M Yes Other Fair
11 Takacs, 2014 Yes Yes Yes Yes Yes Other Yes Other Yes Q g% Yes Other Good
12 Tevald, 2016 Yes No Yes Yes Other Other Yes Other Yes ) géﬁ Yes Other Fair
T .
13 Tse, 2021 Yes Yes Yes Yes Other Other Yes Other Yes % geg Yes Other Fair
14 Turcot, 2008 Yes Yes Yes Yes Yes Other Yes Other Yes 282 Yes Other Good
» 285
16 59 o
17 The description of the criteria is given below. g Sa
18 Criteria 1: Was the study question or objective clearly stated? 3° 3
19 Criteria 2: Were eligibility/selection criteria for the study population prespecified and clearly described? g 3
Criteria 3: Were the participants in the study representative of those who would be eligible for the test/service/intervention in theﬁgerﬁral or clinical population of interest?
20 Criteria 4: Were all eligible participants that met the prespecified entry criteria enrolled? > 2
21 Criteria 5: Was the sample size sufficiently large to provide confidence in the findings? g g
22 Criteria 6: Was the test/service/intervention clearly described and delivered consistently across the study population? 5 o
23 Criteria 7: Were the outcome measures prespecified, clearly defined, valid, reliable, and assessed consistently across all study@art@pants’7
24 Criteria 8: Were the people assessing the outcomes blinded to the participants’ exposures/interventions? 2 o
25 Criteria 9: Was the loss to follow-up after baseline 20% or less? Were those lost to follow-up accounted for in the analysis? a 3
26 Criteria 10: Did the statistical methods examine changes in outcome measures from before to after the intervention? Were statlglcagtests done that provided p values for the
27 pre-to-post changes? = 3
28 Criteria 11: Were outcome measures of interest taken multiple times before the intervention and multiple times after the |nterve|1[|o gi.e., did they use an interrupted time-
29 series design)? =
30 Criteria 12: If the intervention was conducted at a group level (e.g., a whole hospital, a community, etc.) did the statistical analyss téke into account the use of individual-level
31 data to determine effects at the group level? s ©
32 ‘-(ED' §
33 # The responses to items: Yes, No, Other (CD, NR, NA)*, *CD, cannot determine; NA, not applicable; NR, not reported © a
34 M Overall quality: Good, Fair, or Poor was evaluated by the review team based on how reliable and credible each study was, withou@specific rules as recommended by the tool
35 i)
36 g
37 3
38 =1
@
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Supplement 4: Anchor properties of included anchor studies e ﬁ
Study Description of anchor Anchor question Anchor Definitions OEMI(EQ\/IID using Reported terminology
properties/responses transition qL%)stlon in the study
Angst, 2018 GRC NR much worse, slightly Difference bet\Qeergthe 'slightly Minimal Clinically
transition worse, almost equal, better" group ang;theJalmost equal” Important Difference
(5 points) slightly better, much grouﬁ: VED
better =
Harris, 2013 GRC Compared to one week 1. My knee has got Mean change in Ehg;@oup my knee Minimal Important
responses before your clinical better, 2. My knee has has got betcer"'-gvllc and Change,
(3 points) visit, please indicate stayed the same, 3. My ) S w
how much your knee knee has got worse the difference Irﬂit@ghange score
problem has changed? between groupw‘@sﬁonded with "
my knee has sta&e‘ﬁ gne same" and Minimal Important
"my knee has@o:b t%tter = MID Difference
Hmamouchi, 2012 GRC How do you feel in much better, slightly Difference be§/.veecn the mean Minimal Clinically
transition general today as better, no change, slightly  effects of ' slighté rgroup and  Important Difference for
(5 points) compared to six weeks worse, much worse "no change® gngps MID improvement

Klokker, 2016 modified GRC (3
responses and a GRC

spanning from -7 to +7)

Lee, 2018 Multiple anchors:

36 item Short Form
subscales- physical
functioning, social role
functioning, energy and
vitality, bodily pain,
mental health, physical
role functioning,
emotional role
functioning, general
health perception (0-100

earlier as far as your
osteoarthritis is
compared?
Did your knee pain
change since you
entered this project?

NR

unchanged, better,
worse:
if it is better or worse,
bring up a scale spanning
from -7 to +7 (-7 (worst)
to +7 (best) scale)
NR

ulureay |y
dolwqy:

Difference of a«_scorg of at least 2
(+2: little better: £2: liite worse) and
no change (sco;ﬂ:; o) 9, +1 (almost
the same or haglly any better), -1
(worse ag—au))% MID

Prospective clg%alngnﬁS for people
achieving previgusly established
MID on legacy compﬁgators MID in
a single item aﬁ;cho@e g. Patient
Global Assessment \fhs defined as
range= MID to 1+|\@:), MID in a
multi-teem anchor e.§§ SF36 range=
MID to 2XRID

V11-Z39 1usw
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Study Description of anchor Anchor question Anchor Definitions oEMIdt%I\/IID using Reported terminology
properties/responses transitio®: qL@stion in the study
scale, 0: best, 100: a S
worse); ) Co”
WOMAC-pain and e >
function (0-100 scales,0: ® &
best, 100: worse); 3 QZJ
Back depression (0-63, O: % EE
best, 63: worse); ag Q
Perceived Stress scale 5] c w
(0-40, 0: best, 40: worse); § =3 g
Patient Global 59z
Assessment in a 0-10 cm 24 S
visual analogue scale Y § 2
(higher number= greater L = e
perception of disease 3o
activity); g i
Six-minute walk test (in ¢ =
meters); b <
20-meter walk test (in g_ 13:
seconds) 3 g'
Mills, 2016 Global transition Two anchor question much improved, Mean changLS witin slightly Minimal Important

Mostafee, 2021

GRC-7-point Likert scale

GRC- 7points Likert scale

1. Compared with when
| started this program,
my walking on level
ground has (walking
anchor) and
2. Compared with when
| started this program,
my knee had (knee
health anchor):

moderately improved,
slightly improved, not
changed, slightly worse,
moderately worse, much
worse

How did your knee
status change
compared to the
beginning of the

1. very much worse; 2.
much worse; 3. slightly
worse; 4. no change; 5.
slightly better; 6. much

improvedgro&g: MIC
Ahd =
® o

o
Difference betwegh p§rticipants who
resp;énd&d
slightly, moderatgly, rgEJuch improved
as the "improvgd g‘@up" and no
change or wor(s;e “nlgn-improved
grougy =N@D
[ Ul
Q

—

v
The difference betw@en improved
group (6 and 7) and%ot improved
group (1,2,3,4 argj 5)=MID

V11-Z39 W
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Study Description of anchor

Anchor question

Anchor
properties/responses

Definitions oEMIdt%I\/IID using
transitio®: qlﬁstlon

Reported terminology
in the study

Ornetti, 2011 GRC- (3points Likert
scale, then again in a 4-

point Likert scale

Perrot, 2013 GRC (5 points)

Singh, 2014 GRC (5 points)

physiotherapy
intervention?
specific question NR.

Two anchor questions.

1. The degree of
improvement of global
state
2. The degree of
improvement of
functional state

Taking into account the

pain due to your
arthritis in the last 24

hours and the pain you

experienced initially,
how has your pain
changed?

Since the last time you
completed the survey 2
weeks ago, would you
say your knee arthritis

is:

better; and 7. very much
better
The degree of
improvement of global
state (global MCII) on a
3-point Likert scale
(worsened function, no
change, improved
function). Then, among
the patients who
improved, the degree of

improvement was scored

on a scale (poor, fair,
good, excellent)
Patients who said that
their pain had improved
were asked to rate the
level of improvement on
a 5-point Likert scale

extending from very large

improvement to no
improvement at all

A great deal better,
somewhat better, about
the same, somewhat
worse, a great deal
worse

«
—

O
75t centile of thg absolute change
in score amoflg p&dients who
responded thegm E)vement as
good or exceller® ({proved group)

0920¢

IW elep pue 1xa] 01
jooyasaboysn
0.} papeojumoq ‘€20

75" percentile ogthe%lstrlbutlon of

the pain intensit§ dlfigrence (day 0

to 7) for patlenticorislderlng their
|mprovemer‘E to % at least

modergte= CMIC
>
Q %
» T
a 3
w0
@]
2 3
Al
—
8 =
5 &
© ©

Mean change beBveean baseline and
= o .
follow-up of th@ gragp who said
somewhat bettgr= MIC

Vv11-Z39 wawiedsqg
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Study Description of anchor Anchor question Anchor Definitions oEMIdt%I\/IID using Reported terminology

properties/responses

transitio®: qlﬁstlon

in the study

Tubach, 2005

Williams, 2012

GRC (5 points)

GRC questionnaire on a
15-level scale (15 points)

Response to NSAID
treatment

Not specified
To rate the extent to
which they perceive
their condition as
having changed over
time

None= no good at all,
ineffective drug; poor=
some effect but
unsatisfactory; fair=
reasonable effect but
could be better; good=
satisfactory effect with
occasional episodes of
pain or stiffness;
excellent= ideal
response, virtually pain-
free

GRC on a 15- level scale.
The GRC ranges from 1=
a very great deal better to
8=about the same to 15=
very great deal worse

75" centile of thexch

e in score of

the group who respoﬁ%led as “good”
using logistic ﬁgressmn MIC

W eIep pue 1xal 0} palejal s9

[ooyoasaboysnwseig
14 papeojumoq '€z0z AeiN 8T

Difference bew\gengubjects who
perceived "imprg;x'/edgthose with a

GRC between$

(veiBy great deal

better) and 5 (som@/hat better))
from subjects W0 @rceived "not
improved" (thosgwn@between 6 (a
little better) an® 15 % very great
deal WOQIJSG)EMlD

Minimal Clinically
Important Improvement

Minimal Clinically
Important Difference

‘saifojouyoal Jejl

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

V11-Z39 swiedaq e 520z ‘6 Aey uo /

MIC: Minimal Important Change, MID: Minimal Important Difference, GRC: Global Rating of Change, NR: Not Reported, ClI: CoRfldegce Interval, WOMAC: Western Ontario
and McMaster Universities Arthritis Index, SF36: Short Form-36, NSAID: Non-Steroid Anti-Inflammatory Drug
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Supplement 5: The effect of follow-up time on A. Minimal Important Change (MIC) and B. Minimal Important

Difference (MID)

BMJ Open

A.
25 « KOOS-pain
+ KOOS-QOL
—Linear (KOOS-pain)
. Linear (KOOS-QOL
20 = Mills, 20167 ( )
=3 "
e  Mil
w—
° 15
=
[+]
g
E —= Mills, 2016
1S} 10
= ~Singh, 2014 « Mills, 2016t
5 )
= Mills, 20161
0
0 10 20 30 40 50 60
Follow-up time, weeks
B.
20 * KOOS-pain
» KOS-ADL
LEFS
18 * Mills, 2016* * WOMAC-total
- * KOOS-QOL
® Mils, 2016 ——Linear (KOOS-pain)
16 &
* Hmamouchi, 2012 tnea: (EEOFSSADL) Williams, 2012
* Mills, 2016* near{LEES)
4 —Linear (WOMAC-total)
o 14 ~——Linear (KOOS-QOL)
=]
- * Mills, 2016*
—
O 12 * Williams, 2012*
= * Mits:-2016*
°_ Williams, 2012* » Williams, 2012*
g 10
T e Mills, 2016*
g o= Williams2 Williams, 2012 \ .
a 8 * Williams, 2012 Williams, 2012*
6 e Harris, 2013 o Mills 20 Mills: 2016
& s lls, B
= Williams, 2012~ o Williams, 2012*
6 Williams, 2012* = Mills,2016*
* Williams; 2012* * Mills, 2016* x
Mills, 2016 « Mills, 2016
4 x Williams, 2012*
Ll
Mills, 2016* Mills, 2016*
“ Mills, 2016* Mills, 2016*
2 * Williams, 2012*
Williams, 2012* * Williams, 2012*
Williams, 2012
0
0 10 20 30 40 50 60

1: multiple MIC estimates using two different anchor questions; *: multiple MID estimates using two different

Follow-up time, weeks

anchor questions and different calculation methods

KOOS: Knee injury and Osteoarthritis Outcome Score, QOL: Quality of Life, KOS: Knee Outcome Survey, ADL:
Activities of Daily Living, LEFS: Lower Extremity Functional Scale, WOMAC: Western Ontario and McMaster

Universities Arthritis Index
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3 Supplement 6: Minimum Detectable Change (MDC) values of knee osteoarthritis outcome tools derived using the distribution r@eth's?’d
4 o 9Q
5 Outcome tool Score Minimum Maximug S Number of Study
6 S o estimates
7 Aggregated locomotor function N/A c S 1 McCarthy,2004
) Animated Activity Questionnaire 100=best § 5 1 Peter, 2018
9 BMI using a scale and a stadiometer N/A 5 2 1 Brisson, 2018
10 Bone density-femur mean lateral N/A 0.4 mm 0.6 mmay T@ 2 Jansen, 2021
1 Bone density-femur mean medial N/A 0.5 mm Al eq 0.7 mm Al & § 2 Jansen, 2021
12 Bone density-tibia mean lateral N/A 2.4 mm Al eq 2.8 mm Al gt E w 2 Jansen, 2021
13 Bone density-tibia mean medial N/A 0.7 mm Al eq 1 mm Al @ z 9 2 Jansen, 2021
14 Cartilage volume-lateral tibia N/A 0.5 ml 0.6 ml ng= § 2 Hunter, 2006
15 Cartilage volume-medial Tibia N/A 0.4 ml 07m 325 2 Hunter, 2006
Cartilage volume-femur N/A 0.8 ml 13magz8 2 Hunter, 2006
16 Cartilage volume-patella N/A 0.7 ml 1.1ml % o8 2 Hunter, 2006
17 Center of mass mediolateral displacement during N/A 0.01° 0.02° 3~ g 3 VandeStraaten, 2020
18 unipodal stance using 3D motion analysis 5 3
19 De Motion Mobility Index 100=best 7.3 87 @ Z 2 Yuruk, 2014
20 Eight-meter walk time N/A > 2 1 McCarthy,2004
21 Eminence lateral (knee image) mm 2.2 mm 2.2mm=s g 2 Jansen, 2021
22 Eminence medial (knee image) mm 1.7 mm 1.8 mm% > 2 Jansen, 2021
23 Get up and Go test N/A 1.2 seconds 1.5seconds & 2 Piva, 2004
24 Fremantle Knee Awareness Questionnaire 100=worst © 3 1 Monticone,2021
25 Frontal plane tibial alignment using smartphone N/A =1 3. 1 Tse, 2021
26 inclinometer ® g
27 Frontal plane tibial alignment using a manual N/A 2 3 1 Tse, 2021
28 inclinometer % S
29 Hip abductor strength using a hand-held dynameter N/A 0.3 Nm/kg 0.3NmMkE = 2 Tevald, 2016
30 Hip flexion-extension during unipodal stance using 3D N/A 2.2° 46° 3 & 3 VandeStraaten, 2020
31 motion analysis co—’ ©
32 ICOAP-constant pain 100=worst 49.6 53.8 % % 2 Singh, 2014
33 ICOAP-intermittent pain 100=worst 48.7 50.8 ¢ o1 2 Singh, 2014
34 ICOAP-pain 100=worst 23.0 49.6 2 3 Singh, 2014, Harris, 2013
35 KAM impulse in 3D motion analysis N/A _g 1 Brisson, 2018
36 KAM impulse in 3D motion analysis N/A % 1 Brisson, 2018
37 Knee force sense test using a handheld N/A 13.2N 26.7 N g 3 Baert, 2018
38 dynamometer-reposition error 20° =4
39 Q
40 y
41 ;i
42
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Outcome tool Score Minimum MaximurfE S Number of Study
S S estimates
Knee force sense test using a handheld N/A 27.8N 43.3 Na g 3 Baert, 2018
dynamometer-reposition error 45° 53: g’
Knee force sense test using a handheld N/A 225N 495Ng S 3 Baert, 2018
dynamometer-reposition error 70° o =
Knee force sense test using a handheld N/A 30.0N 33.7Ng § 3 Baert, 2018
dynamometer-reposition error all L E'E
Knee joint angle degrees 1.90 2.30 gg S 2 Jansen, 2021
Knee joint space width mm 0.8 mm 1.2 mme 53 2 Jansen, 2021
. . =
Knee joint space width-lateral mm 1.4 mm 20mm=~S& g 2 Jansen, 2021
Knee joint space width-medial mm 0.5 mm 0.8 mm%g > 2 Jansen, 2021
Q
Knee joint space width-minimum mm 0.6 mm 0.9mm & g Y 2 Jansen, 2021
KOOS-activities of daily living 100=best 17.4 20.8 g - 3 2 Naylor, 2014
KOOS-pain 100=best 17 202 5 3 2 Naylor, 2014
KOOS-quality of life 100=best 22.4 39.0 gg =3 4 Naylor, 2014; Singh, 2014
©
KOOS-symptoms 100=best 2.9 24.1 E é 3 Naylor, 2014
KOOS-PS 100=worst 16.0 355 8 3 3 Harris, 2013 Singh, 2014
Knee joint position sense test-analogue inclinometer- N/A 4.0° 8.0° 5 S 3 Baert, 2018
reposition error 70° e g
Knee joint position sense test-analogue inclinometer- N/A 3.0° 8.0° %’ g 3 Baert, 2018
reposition error 45° v o
Knee joint position sense test-analogue inclinometer- N/A 3.0° 40° 3 g 3 Baert, 2018
reposition error 20° 5 g
Knee joint position sense test-analogue inclinometer- N/A 3.00 40° g = 3 Baert, 2018
reposition error all S gz_)
KOS-activities of daily living 100=best 10.5 21.0 3 fo 6 Williams, 2012
L-test N/A & N 1 Nalbant, 2021
Load frequency using a triaxial accelerometer N/A _‘cB 5 1 Brisson, 2018
LEFS 100=best 14.8 22.6 % 6 Williams, 2012
NRS- pain 100=worst 13.3 19.6 8 2 Alghadir, 2016b, Alghadir,
o 2018
Osteophytes-Femur lateral (using knee image) N/A 5.4 mm2 10.3 mm2 :3; 2 Jansen, 2021
Osteophytes-Femur medial (using knee image) N/A 11.2 mm?2 13.4mm2 =~ 2 Jansen, 2021
Osteophytes-Tibia lateral (using knee image) N/A 9.4 mm2 11.6 mm2 E 2 Jansen, 2021
e
>
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3 Outcome tool Score Minimum MaximurfE S Number of Study
4 2 §estimates
5 Osteophytes-Tibia medial (using knee image) N/A 11 mm?2 12.2 m”é S 2 Jansen, 2021
6 OKS-summary 100=best 6.0 62 2 2 1 Alghadir, 2017, Harris,
7 g > 2013
=
8 Peak KAM in 3D motion analysis N/A 2 OZO 1 Brisson, 2018
? 0 Peak KAM in 3D motion analysis N/A %T‘% 1 Brisson, 2018
11 Peak KFM in 3Dmotion analysis N/A g% § 1 Brisson, 2018
12 Peak KFM in 3D motion analysis N/A § S w 1 Brisson, 2018
13 Pelvic abduction-adduction during unipodal stance N/A 2.8° 35° ;_“% gg 3 VandeStraaten, 2020
14 using 3D motion analysis gﬁ =3
15 Per cent of voluntary muscle activation using a N/A 2o 1 Kean, 2010
16 dynamometer S @
17 Pressure pain threshold-knee- using an algometer N/A 92.9 kPa 196.3 kPg - 3 10 Pratheep, 2018
18 Pressure pain threshold-medial heel using a handheld N/A el g 1 Mutlu, 2015
19 pressure algometer a =
20 Pressure pain threshold- medial knee using a N/A > S 1 Mutlu, 2015
21 handheld pressure algometer = >
22 Quadriceps fatigue using surface electromyography- N/A %- %- 1 Callghan, 2009
23 VMO initial median frequency é' K
24 Quadriceps fatigue using surface electromyography- N/A » g 1 Callghan, 2009
25 VL initial median frequency 2 3
26 Quadriceps fatigue using surface electromyography- N/A v, 5 1 Callghan, 2009
27 RF initial median frequency g 5
28 Quadriceps fatigue using surface electromyography- N/A 2 g 1 Callghan, 2009
29 VMO final median frequency r';lg' 2
30 Quadriceps fatigue using surface electromyography- N/A 572 1 Callghan, 2009
31 VL final median frequency Co_> ©
32 Quadriceps fatigue using surface electromyography- N/A e N 1 Callghan, 2009
33 RF final median frequency 3 N
34 Quadriceps fatigue using surface electromyography- N/A 2 1 Callghan, 2009
35 VMO median frequency slope g
36 Quadriceps fatigue using surface electromyography- N/A E 1 Callghan, 2009
37 VL median frequency slope 5
38 Quadriceps fatigue using surface electromyography- N/A o 1 Callghan, 2009
RF median frequency slope =
39 Q
40 y
41 -
42 >
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Outcome tool Score Minimum MaximurfE S Number of Study

S S estimates
Quadriceps isokinetic strength using a dynamometer- N/A Q g 1 Kean, 2010
absolute value ) g’
Quadriceps isometric strength using a dynamometer- N/A 5.5 312 ¢ 3 3 McCarthy,2008; Brisson,
absolute value 2 & 2018
Quadriceps isometric strength using a dynamometer- N/A 0.3 05 g § 2 Brisson, 2018; Kean,
normalised to weight 2 glf) 2010
Quadriceps isometric strength using a dynamometer- N/A 33 Q 1 Kean, 2010
Normalised to body size 5] cw
Quadriceps power using a dynamometer N/A § =3 g 1 Brisson, 2018
Rectus femoris fatigue slope N/A g’@ ; 1 McCarthy,2008
Rectus femoris initial median frequency N/A 2 % g)_ 1 McCarthy,2008
Single-leg standing balance test-mediolateral N/A % o8 1 Takacs, 2014
standard deviation 3" 3
Single-leg standing balance test-anteroposterior N/A g 3 1 Takacs, 2014
standard deviation e =
Single-leg standing balance test-path length N/A > _i Takacs, 2014
Single-leg standing balance test-velocity N/A 5_,'-"' g Takacs, 2014
Single-leg standing balance test-area N/A 5 -rSD Takacs, 2014

«Q
Six minute walk test N/A 66.3 m 79.0mg % Naylor, 2014
Stair ascent and descent time (seven steps (four of N/A 3 = McCarthy,2004
15cm, three of 20cm)) 3 g
Stopwatch-based 11- Step stair climb test N/A 0.1 seconds 0.1 seconds S 2 ljima, 2019
Star excursion balance test-Raw value N/A g > Kanko, 2019
Star excursion balance test-Normalized (raw value/leg N/A % § Kanko, 2019
length%) S o©
Timed Up and Go test N/A 1.1 seconds 11 secon@oj N 2 Alghadir, 2015
Timed Up and Go test (as a ratio of the original N/A 37.5% 44.6% .rfB o 2 Naylor, 2014
measurement) 2
Tinetti Performance-Oriented Mobility Assessment NR g 1 Parveen, 2017
scale- balance subscale E
Tinetti Performance-Oriented Mobility Assessment NR =1 1 Parveen, 2017
scale- gait subscale o
Tinetti Performance-Oriented Mobility Assessment NR a 1 Parveen, 2017
scale- total m

=
>
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Outcome tool Score Minimum Maximurg O Number of Study
S S estimates
Transferring time (distance of 2m to a chair and sit N/A e Q9 1 McCarthy,2004
down, then, walk back to the start) §: g’
Trunk-abduction-adduction during unipodal stance N/A 26° 29° ¢ S 3 VandeStraaten, 2020
using 3D motion analysis o =
2-minute walk test N/A @ QZ) 1 Suhail and Chaudhary,
p I< 2021
— ) N
Vastus lateralis fatigue slope N/A 3% S 1 McCarthy,2008
Vastus lateralis initial median frequency N/A ° 53 1 McCarthy,2008
@
Vastus medialis oblique fatigue slope N/A =8 g 1 McCarthy,2008
Vastus medialis oblique initial median frequency N/A 33’_§ % 1 McCarthy,2008
Verbal Rating Scale for pain S g 2 1 Alghadir, 2018
VAS for pain 100=worst 8.0cm 28.0 cmg - g 3 Alghadir, 2018;
S S Naylor,2014
WOMAC-pain 100=best 34 19.0 ‘g' = 3 Angst, 2018, Alghadir,
> 3 2016 a
WOMAC-function 100=best 3.1 187 = = 3 Angst, 2018 Alghadir,
S 3 2016 a
WOMAC-stiffness 100=best 4.8 5.6 5 S 2 Angst, 2018
[}
WOMAC-functional standing/walking 100=best 35 4.0 i g 2 Angst, 2018
WOMAC-total 100=worst 11.7 208 2 § 6 Williams, 2012 Alghadir,
%- 8 2016 a
SF-36-bodily pain 100=best 3.3 3.7 = 3 2 Angst, 2018
SF-36-general health 100=best 2.0 2.2 r% S 2 Angst, 2018
SF-36-mental health 100=best 2.9 34 2 § 2 Angst, 2018
SF-36-physical functioning 100=best 2.3 2.4 co—’ © 2 Angst, 2018
SF-36-role- physical 100=best 10.9 115 € § 2 Angst, 2018
SF-36-social functioning 100=best 3.7 45 7 S 2 Angst, 2018
SF-36-vitality 100=best 5.1 5.6 9 2 Angst, 2018
20-meter walk test N/A 0.2 seconds 1.6 seconds E 2 Motyl, 2013
30-second fast-paced walk test N/A 0.8m 57m :3; 2 Hoglund, 2019
=
40-meter fast-paced test N/A a 1 Suwit, 2020
30 seconds chair stand test N/A i\ 1 Suwit, 2020
l'_
>
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Outcome tool Score Median Minimum Maximurg o Number of Study

2 §estimates
3D linear accelerations of the tibia during comfortable N/A 0.3g 01g 0.8g @ é 12 Turcot, 2008
walking 5] >
3D linear accelerations of the femur during N/A 0.3g 0.1g 1.0g ¢ = 12 Turcot, 2008
comfortable walking e &
3D linear accelerations of the tibia at fast speed N/A 049 0.1g 099 g m QZJ 12 Turcot, 2008
3D linear accelerations of the femur at fast speed N/A 0.2g 0.0g 0649 % gi 12 Turcot, 2008
9-step stair climb test N/A g g ﬁ Suwit, 2020

8 ”_—i =

MDC: Minimum Detectable Change, OA: osteoarthritis, BMI: Body Mass Index, MRI: Magnetic Resonance Imaging, 3D: 3- dlmefnsu)ﬁal N/A: Not Applicable, ICOAP:
Intermittent and constant osteoarthritis pain, KOOS: Knee injury and Osteoarthritis Outcome Score, KOOS-PS: Knee injury an

Function Short form, KOS: Knee Outcome Survey, LEFS: Lower Extremity Functional Scale, NRS: Numeric Rating Scale, OKSn@ﬁrd Knee Score, KAM: Knee adduction
moment, KFM: Knee Flexion Moment, VMO: Vastus Medialis Oblique, VL: Vastus Lateralis, RF: Rectus Femoris, VAS: Visual sn%l@g Scale, WOMAC: Western Ontario and
McMaster Universities Arthritis Index, SF-36: 36-item Short Form health survey,

All the estimates are out of 100.

The median estimates are shaded in blue

‘saibojouyoal Jejlwis pue ‘Bulures |v ‘Bu!u!uj

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

tgoarthrltls QOutcome Score Physical

V11-Z39 swiredad 1e 5202 ‘6 AeN uo jw oo fwg uadolway/:dny wouy

Page 60 of 62


http://bmjopen.bmj.com/

Page 61 of 62

G 1 S 1

Section and

Topic

PRISMA 2020 Checklist

BMJ Open

uadolwa/9eTT 0T

Checklist item

Location
where item is
reported

oNOYTULT D WN =

TITLE 3
— O
Title 1 | Identify the report as a systematic review. ) 2 Page 2
9 ABSTRACT c :
1 Abstract 2 | See the PRISMA 2020 for Abstracts checklist. % g Page2to3
1{ INTRODUCTION o me
12 Rationale Describe the rationale for the review in the context of existing knowledge. 3§ § Page 5to 7
13 Objectives Provide an explicit statement of the objective(s) or question(s) the review addresses. S S @ Page 7, line 103
14 e3¢ to 107
1' METHODS §§ =
q
11 Eligibility criteria 5 | Specify the inclusion and exclusion criteria for the review and how studies were grouped for the syntheses. g %gs_ Page 8t0 9, line
18 %", o ® 133 to 153
19 Information 6 | Specify all databases, registers, websites, organisations, reference lists and other sources searched or consultegl to @entlfy studies. Specify Page 7, line 116
() sources the date when each source was last searched or consulted. 3. 3 to 121
21 Search strategy 7 | Present the full search strategies for all databases, registers and websites, including any filters and limits used. Ei é Page 7 to 8, line
Zf ; = 121to 131
23 Selection process 8 | Specify the methods used to decide whether a study met the inclusion criteria of the review, including how mangre\@wers screened each Page 8, line 125
24 record and each report retrieved, whether they worked independently, and if applicable, details of automation togls u@ed in the process. to 131
;: Data collection 9 | Specify the methods used to collect data from reports, including how many reviewers collected data from each rgpo@ whether they worked Page 8 -9, line
Zf process independently, any processes for obtaining or confirming data from study investigators, and if applicable, detailspf agtomation tools used in 133 to 153;
the process. © o
2¢ 3_3
29 Data items 10a | List and define all outcomes for which data were sought. Specify whether all results that were compatible with eich @utcome domain in each | Page 10, line
3( study were sought (e.g. for all measures, time points, analyses), and if not, the methods used to decide which rggultZto collect. 173 to 182
31 10b | List and define all other variables for which data were sought (e.g. participant and intervention characteristics, f@di@ sources). Describe any | Page 10, line
3] assumptions made about any missing or unclear information. S © 173 to 176
33 Study risk of bias 11 | Specify the methods used to assess risk of bias in the included studies, including details of the tool(s) used, hoﬁmaﬁy reviewers assessed Page 9 to 10,
34 assessment each study and whether they worked independently, and if applicable, details of automation tools used in the prgcesea line 163 to 183
g; Effect measures 12 | Specify for each outcome the effect measure(s) (e.g. risk ratio, mean difference) used in the synthesis or presentatlc@ of results. Page 10, line
@ 184 to 188
o]
gf Synthesis 13a | Describe the processes used to decide which studies were eligible for each synthesis (e.g. tabulating the study inter§’ention characteristics Page 10, line
34 methods and comparing against the planned groups for each synthesis (item #5)). g 184 to 188
4£ 13b | Describe any methods required to prepare the data for presentation or synthesis, such as handling of missing summary statistics, or data Page 10 to 11,
4 conversions. rn line 184 to 196
4] 13c | Describe any methods used to tabulate or visually display results of individual studies and syntheses. E Page 10 to11,
e N line 184 to 196
44 13d | Describe any methods used to synthesize results and provide a rationale for the choice(s). If meta-analysis was performed, describe the Page 10, line
49 model(s), method(s) to ideptifytherpresence@nd extent/ohsististicalhpteregeneityband/seftwale pagkage(s) used. 184 to 188
46
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1
2
3 Locati
: ocation

4 Sectlon and Checklist item where item is
Y Topic
6 2 reported
2 13e | Describe any methods used to explore possible causes of heterogeneity among study results (e.g. subgroup anglysi§ meta-regression). Not done
8 13f | Describe any sensitivity analyses conducted to assess robustness of the synthesized results. = 8’ Not applicable
9| Reporting bias 14 | Describe any methods used to assess risk of bias due to missing results in a synthesis (arising from reporting bi@se%é. Not applicable
1( assessment 2 =
11 Certainty 15 | Describe any methods used to assess certainty (or confidence) in the body of evidence for an outcome. %T@ Not applicable
12 assessment eEN
13 RESULTS gcw
14 Study selection 16a | Describe the results of the search and selection process, from the number of records identified in the search to féug'rgmber of studies Page 11, line
1] included in the review, ideally using a flow diagram. = 203 to 207 and
14 230 figure 1
13 16b | Cite studies that might appear to meet the inclusion criteria, but which were excluded, and explain why they we@ g(éuded. Figure 1
15) Study 17 | Cite each included study and present its characteristics. g . ; Page 11 to 15,
19 characteristics 5 3 line 218 to 256
2( 5 = and table 1
2_ Risk of bias in 18 | Present assessments of risk of bias for each included study. > S Page 11, line
23 studies = 5 212 to 216 and
23 %_ 3 supplements1,2
24 S .(gu and 3
23 Results of 19 | For all outcomes, present, for each study: (a) summary statistics for each group (where appropriate) and (b) angffec:t’ estimate and its Tables 2,3 and
26 individual studies precision (e.g. confidence/credible interval), ideally using structured tables or plots. 3 g 4
2 Results of 20a | For each synthesis, briefly summarise the characteristics and risk of bias among contributing studies. @, '8' Page 14 to 18,
24 syntheses i 3 and table 1,
29 L 3 supplements1,2
3( 3 2 and 3
3] 20b | Present results of all statistical syntheses conducted. If meta-analysis was done, present for each the summary§stir§ate and its precision Page 18 to 24;
32 (e.g. confidence/credible interval) and measures of statistical heterogeneity. If comparing groups, describe the cg’cect_don of the effect. tables 2,3,4
33 Q N and
34 o N supplements
3] ’ ) 5,6
34 20c | Present results of all investigations of possible causes of heterogeneity among study results. g Page 18 to 24;,
37 ES] tables 2,3,4

Q

= and
34 3

o supplements
39 = 5,6
4( — , o , ,
4 20d | Present results of all sensitivity analyses conducted to assess the robustness of the synthesized results. m Not applicable
47 Reporting biases 21 | Present assessments of risk of bias due to missing results (arising from reporting biases) for each synthesis assesse'_dl. Not applicable
43 Certainty of 22 | Present assessments of certainty (or confidence) in the body of evidence for each outcome assessed. > Not applicable
44 evidence
4% DISCUSSION FOT peer review only = Tttp./7 DIjOPeTT. DITj.CoM/ Site/ about Guide ies Xt
46

47
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Discussion 23a | Provide a general interpretation of the results in the context of other evidence. @ § Page 26 to 30,
o o line 399 to 503
23b | Discuss any limitations of the evidence included in the review. & > Pages 29 to 30,
?( s B line 483 to 491
11 23c | Discuss any limitations of the review processes used. o m 5 Page 29 to 30,
SN line 491 to 494
13 RN
13 23d | Discuss implications of the results for practice, policy, and future research. = g ﬁ Page 30, line
14 =29 496 to 503
15 OTHER INFORMATION ~a =
035
16 Registration and 24a | Provide registration information for the review, including register name and registration number, or state that theg€yigw was not registered. Page 7, line
17 protocol agd 110 to 114
18 24b | Indicate where the review protocol can be accessed, or state that a protocol was not prepared. 5 = é Page 7, line
19 33 110 to 114
A
2( 24c | Describe and explain any amendments to information provided at registration or in the protocol. 5 = None
;_ Support 25 | Describe sources of financial or non-financial support for the review, and the role of the funders or sponsors in the rayiew. None
>3 Competing 26 | Declare any competing interests of review authors. g g None
2' interests S 5
25 Availability of 27 | Report which of the following are publicly available and where they can be found: template data collection forméda@ extracted from None
26 data, code and included studies; data used for all analyses; analytic code; any other materials used in the review. 2 o
5] other materials a 3
28 5 ¢
29 From: Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for r@ortigg systematic reviews. BMJ 2021;372:n71. doi:
10.1136/bmj.n71 - 3
30 For more information, visit: http://www.prisma-statement.org/ ® =
2 : &
= ©
33 a N
34 o §
35 )
36 g
37 B
38 5
39 3
40 0]
41 {
42 -
_|
43 >
44
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