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2

ABSTRACT

Objectives: To review the available evidence on diagnostic imaging findings in knee and hip 

osteoarthritis (OA) as treatment effect modifiers in non-surgical OA interventions.

Methods: MEDLINE, Embase, and The Cochrane Central Register of Controlled Trials were 

searched from the earliest records published to March 22nd, 2022. Studies in knee and hip OA 

reporting subgroup analyses in Randomized Controlled Trials with imaging findings as potential 

treatment effect modifiers were included. Studies were critically appraised using the Cochrane risk 

of bias tool and a subgroup analysis quality assessment.

Results: Eight studies met the inclusion criteria, six on knee OA and two on hip OA. The studies 

investigated effect modifiers in exercise therapy, intra-articular injections, and unloading shoes. 

Imaging findings assessed as potential treatment effect modifiers were radiographic OA severity, hip 

effusion (ultrasound), bone marrow lesions, and meniscal pathology (MRI). Two studies fulfilled the 

methodological quality criteria for assessing effect modification. One reported that radiographic knee 

OA severity modified the effect of unloading shoes on walking pain. Those with more severe 

radiographic knee OA had a greater response to shoe inserts. One reported no interaction between 

radiographic OA severity or joint effusion and the effect of intraarticular injections of corticosteroid 

or hyaluronic acid in hip OA, indicating no difference in response in people with greater hip joint 

effusion or radiographic OA severity compared to those with less severe joint disease.

Conclusion: Overall, methodological limitations and very few studies do not permit conclusions on 

diagnostic imaging findings as effect modifiers in non-surgical interventions in knee and hip OA. 

Radiographic severity of knee OA potentially modifies the effect of unloading shoes. 

PROSPERO registration number CRD42020181934
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Keywords: hip osteoarthritis, knee osteoarthritis, effect modifier, moderator, modifier, sub-group 

analysis, diagnostic imaging.

Strengths and limitations of this study

 A rigorous risk of bias assessment and methodological quality appraisal of the subgroup analyses.

 Results are exclusively reported from studies that fulfill the methodological quality criteria for 

assessing effect modification.

 Only including OARSI-guideline-recommended interventions may exclude knee and hip OA 

treatments used in clinical practice.
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INTRODUCTION 

Clinical guidelines universally recommend patient education and exercise therapy as first-line 

treatments for knee and hip osteoarthritis (OA) [1-3] complemented by weight loss, Non-Steroide 

Anti-Inflammatory Drugs (NSAIDs), corticosteroids, or hyaluronic acid injections, and several 

adjunctive medications and interventions [1, 3]. The common finding of relatively small treatment 

effects for many interventions has nourished the belief that subgroups showing larger effects may be 

identified in more homogenous groups of patients [4-6]. This belief has driven the interest in 

identifying subgroups of patients likely to respond better to specific interventions or respond poorly 

to an intervention where other approaches may be more efficacious [7].

A well-recognized method for identifying clinically relevant subgroups in a patient population is to 

analyze treatment effect modifiers using randomized controlled trial (RCT) data. Effect modifiers 

(also known as moderators) are patient characteristics, i.e., sociodemographic, clinical, or other 

features, that interact with the treatment to influence clinical outcomes [8]. They are different from 

prognostic factors or predictors, which identify patients with different outcomes regardless of the 

intervention [9]. Thus, prognostic factors or predictors do not provide information about which 

patients will likely respond best to specific interventions.

Diagnostic imaging can detect a range of structural changes [10] that may have a bearing on function, 

pain, and disease progression in knee and hip OA [11-13]. Likewise, diagnostic imaging findings 

may be potential treatment effect modifiers, either individually or as combined findings. Although 

the evidence on imaging findings as predictors or prognostic factors in knee and hip OA is relatively 

comprehensive, little is known about these findings as potential treatment effect modifiers [14]. 

In order to improve targeting of non-surgical interventions and inform future research into treatment 

effect modification, we aimed to conduct a systematic review of the literature dealing with diagnostic 

imaging findings as effect modifiers of non-surgical interventions in knee and hip OA.
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The specific objectives were to 1) summarize the evidence on diagnostic imaging findings that modify 

the effect of non-surgical interventions for knee and hip OA and 2), determine the magnitude of effect 

modification reported for the individual imaging findings and interventions.

METHODS

The protocol for this systematic review was registered in the PROSPERO database: International 

prospective register of systematic reviews (CRD42020181934). The Preferred Reporting Items for 

Systematic reviews and Meta-Analyses (PRISMA) 2020 statement [15] was used to guide the conduct 

and reporting of the study.

Patient and Public Involvement

Patients and/or the public were not involved in the design, or conduct, or reporting, or dissemination 

plans of this research.

Database search strategy

The literature search was performed with no restrictions on publication type or language within the 

following databases: MEDLINE and Embase (via OVID) and The Cochrane Central Register of 

Controlled Trials, from the earliest records published to March 19th, 2021, and updated the search on 

March 22nd, 2022. Search terms covered the following domains: knee OA, hip OA, and diagnostic 

imaging (radiography, ultrasound, magnetic resonance imaging (MRI) including MRI arthrography 

(MRIa), Computed Tomography (CT)). Search terms and database-specific variations and synonyms 

were used as keywords and Medical Subject Headings. Database-specific filters for RCTs were used 

in MEDLINE and EMBASE [16]. (Supplementary file 1 for the complete search strategy). Reference 
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and citation tracking of included articles and related reviews within the topic was performed to 

identify further studies.

Eligibility criteria

To be included, studies had to be RCTs and meet the following criteria:

1) Include people aged >18 years with hip/knee pain suspected or confirmed to be caused by OA 

(radiographic, clinical criteria, or self-reported).

2) Include non-surgical interventions recommended by Osteoarthritis Research Society International 

(OARSI) guidelines [2] on levels 1-3 and compare with either another OARSI recommended non-

surgical intervention, placebo, or no treatment.

3) Include baseline diagnostic imaging findings as potential effect modifiers, e.g., structural, or 

inflammatory findings on radiographs, computed tomography (CT), Magnetic Resonance Imaging 

(MRI/MRIa), or diagnostic ultrasound. As an exception for baseline assessment, imaging findings 

could be retrieved from radiographs from the previous 12 months.

4) Report the outcome stratified by imaging finding(s) or report an interaction test between treatment 

and the imaging finding(s). The outcome had to be patient-reported outcome measures or functional 

measures collected via tests, i.e., excluding imaging findings and biochemical markers.

Studies of patients with hip/knee pain of other specific pathological origins (e.g., fracture, avascular 

necrosis, tumor, infection) or prior knee or hip arthroplasty and studies that were not available in 

English or full text (e.g., conference abstracts) were excluded.

Study selection

Records returned from the search were screened using a two-stage process. One reviewer (SHC) 

screened titles and abstracts against the eligibility criteria in the first stage. In the second screening 
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stage, full-text versions of the potentially relevant studies were independently screened by two 

reviewers (SHC/JK/BA). When necessary, discrepancies were resolved through discussion. 

Reasons for exclusion of full-text articles were recorded. All references identified in the database 

search were managed using Endnote X9 (Clarivate Analytics, Philadelphia, USA) and Covidence 

systematic review software (Veritas Health Innovation, Melbourne, Australia). De-duplication and 

data extraction was conducted in Covidence [17].

Data extraction

Relevant data were extracted independently by two reviewers (SHC/JHe) using a standardized form 

including clinical settings, population (knee or hip OA), age, diagnostic criteria for OA, 

intervention(s), comparator, outcome(s), follow-up time points, and imaging findings(s) assessed as 

effect modifier(s). Data on potential treatment effect modifiers and associated analysis of treatment 

effect modification were also extracted. If the study was a secondary analysis from an RCT, the 

primary study article was consulted to get further information if necessary. Two reviewers completed 

data extraction and quality appraisal independently (SC, JHe). In cases of disagreement, a joint review 

of the original article was performed until consensus was reached, with a third reviewer (BA) 

resolving questions of doubt and disagreements if necessary.

Critical appraisal

The critical appraisal was performed in two steps. First, the revised Cochrane risk-of-bias tool for 

randomized trials (RoB 2) [18] was used to evaluate the design and conduct of the RCT. We used a 

“conservative summary risk of bias judgment” based on the lowest rating for any individual domain. 

Second, a methodological quality appraisal for assessing effect modification was carried out using 

the criteria suggested by Pincus et al. [19]. The assessment was based on the three criteria:
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1) Were effect modifiers measured prior to randomization? We modified this to include all assessor-

blinded baseline assessments of the imaging finding(s) since there is no risk of the findings being 

influenced by the tested intervention by this modification.

2) Was the quality of measurement of the effect modifiers (imaging findings) adequate (reliable and 

valid)?

3) Was there a relevant subgroup analysis? (Identification of treatment effect modifiers should be 

based on statistical tests of interactions).

The methodological quality criteria for the effect modifier analysis were fulfilled if a study met all 

three criteria.

Data synthesis

Results on treatment effect modification (e.g., mean difference and interaction term) are exclusively 

reported only from the studies that had a risk of bias of “low” or “some concerns,” excluding studies 

with a high risk of bias. Moreover, all three methodological quality criteria for assessing effect 

modification had to be fulfilled. 

Due to the methodological quality and heterogeneity between the included trials in terms of imaging 

findings assessed, categorization of potential effect modifiers, interventions, and outcomes, it was 

impossible to perform a meta-analysis, and the results are presented descriptively.

RESULTS

Search results and study selection

The search identified 14,399 papers. No additional studies were identified through previous reviews 

and citation tracking of included articles. The study selection process is presented in Fig. 1. After 

removing duplicates, 10,014 titles and abstracts were screened, and 102 records were deemed relevant 
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for full-text screening. After the full-text screening, eight studies, six studies on knee OA [20-25] and 

two on hip OA [26, 27], met the eligibility criteria for this review (table 1).

Suggested position Figure 1. 

Legend: Figure 1. The study selection process

Study characteristics

Study samples were recruited from communities [23, 24], primary health care [27], and secondary 

health care [20-22, 25, 26] settings. The number of participants varied from 35 to 203, and the mean 

age ranged from 60.1 to 72.1 years. Two studies had sub-group analysis as a primary objective [20, 

23], and in six studies, the sub-group analysis was applied post-hoc [21, 22, 24-27]. The potential 

effect modifiers were radiographic OA severity in seven studies [21-27]. Other potential effect 

modifiers reported were joint effusion assessed using ultrasound [26], bone marrow lesions on MRI 

[20, 23], and meniscal pathology on MRI [23] (see table 1 for details). The interventions investigated 

were exercise therapy [20, 23, 27], intraarticular hyaluronic acid injection [21, 22, 25, 26], 

intraarticular corticoid steroid injection (IACS) [26], and unloading shoes [24].
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Table 1 Individual study characteristics in the eight included RCT studies.

Study Clinical setting Country Intervention and control 
groups and number of 
participants

Participants mean 
age in the group(s), 
years (SD)

OA criteria for 
inclusion

Primary outcome(s) Follow-up time 
points

Imaging feature assessed as effect modifier

HIP
Teirlinck 2016 Primary care 

(Physiotherapy and 
general practices) 

The 
Netherlands

A) Exercise therapy + usual 
care (GP), n=101
B) Usual care (GP), n=102

A) 64 (8.5) 
B) 67 (9.6)

ACR HOOS pain and 
function

6 weeks, 
3,6,9,12 months

Radiographic OA severity
(KL dichotomized 0-1 or ≥ 2)

Qvistgaard
2006

Secondary care
(Rheumatology 
outpatient clinic)

Denmark A) HA injection, n=33
B) IACS, n=32
C) Saline injection, n=36

A) 65 (14)
B) 69 (9)
C) 64 (11)

ACR Pain on walking 
(VAS)

14, 28, 90 days 1) Radiographic OA severity
(KL dichotomized 1-2 or ≥ 3)
2) Effusion (US) present/ absent

KNEE
Beckwée 2017 Secondary care

(Orthopedic 
outpatient clinic)

Belgium A) Strength training, n=17
B) Walking training, n=18

A) 63.7 (8.1)
B) 60.1 (9.5)

ACR ICOAP 
The patient’s global 
perceived effect

18 weeks Bone marrow lesions dichotomized present/ 
absent (MRI)

Henderson 
1994

Secondary care 
(Rheumatology 
outpatient clinics)

England A) HA injection, n=45
B) Saline injection, n=46

A) Early OA: 
63.9 (1.9) 
Advanced OA: 
72.1 (1.7) 
B) Early OA:
60.0 (1.9) 
Advanced OA:
67.0 (1.7)

Knee pain and KL 
> 0

Pain (VAS) in the 
morning, evening, 
climbing stairs, 
rising from chair 
and nominated 
activity

1-2-3-4-5 weeks, 
1-3-5 months

Radiographic OA severity
(KL dichotomized 1-2 or ≥ 3)

Kawasaki 2009 Secondary care (no 
information on 
departments)

Japan A) HA injection, n=42
B) Exercise therapy, n=45

A) 69.5 (8.4)
B) 71.2 (7.1)

ACR Pain (VAS)
JKOM
OMERACT–
OARSI response

24 weeks Radiographic OA severity (JSW 
dichotomized 
(< 3.0 mm, ≥ 3.0 mm))

Kudo 
2013

Secondary care 
(Orthopedic 
outpatient clinic)

Japan A) Group exercise, n=81
B) Home exercise, n=122

A) 63.8 (5.9)
B) 65.6 (5.8)

Knee pain and KL 
> 0

Normalized 
WOMAC 

3 months 1) Radiographic OA severity
(KL dichotomized 1-2 or ≥ 3)
2) Meniscal pathology dichotomized into 
Mink grade 0-2 or grade 3 (MRI)
3) Bone marrow lesions dichotomized 
present/ absent (MRI)

Paterson 2018 Department of 
Physiotherapy, the 
University of 
Melbourne

Australia A) Unloading shoes, n=83
B) Walking shoes, n=81

A) 65.2 (6.9) 
B) 63.3 (7.9)

Knee pain and KL 
> 1

Average knee pain 
on walking over the 
previous week 
(NRS) 

6 months Radiographic OA severity (three groups)
KL 2, KL 3, KL 4

Huang 2021 Medical University 
Hospital

China A) CHAP-HA single-
injection, n=71
B) Linear HA three-
injection, n=69

A) 56.6 ± 12.6
B) 56.0 ± 9.7

Knee pain and KL 2 
or 3

VAS pain at 26 
weeks

4-12-26-39-52 
weeks

Radiographic OA severity
(KL 2 or 3)

SD: Standard deviation, GP: General practice, ACR: American College of Rheumatology criteria for hip OA, IACS: Intraarticular Corticosteroid Injection, HA: Hyaluronic Acid, HHS: Harris Hip Score, KL: 
Kellgren-Lawrence grade, US: ultrasound imaging, VAS: Visual analog scale, NRS: Numeric rating scale, ICOAP: The intermittent and constant osteoarthritis pain questionnaire, JKOM: The Japanese Knee 
Osteoarthritis Measure, Normalized WOMAC = (raw score out of 96) x 100/96, JSW: Joint space width.
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Critical appraisal

Table 2 lists the risk of bias for each study, and table 3 the methodological quality of effect modifier 

analyses. One study had a low risk of bias [24], three studies had some concerns [25-27], and four 

studies had a high risk of bias [20-23]. Two studies, one on knee OA [24] and one on hip OA [26], 

fulfilled all three methodological quality criteria of the effect modifier analysis. Of these, one had a 

low risk of bias [24], and one had a risk of bias with some concerns [26]. The remaining six studies 

[20-23, 25, 27] did not fulfill the methodological quality criteria of the effect modifier analysis, all 

due to the lack of an interaction test between effect modifiers and treatment.

Table 2 Risk of bias in the randomized controlled trials

Risk of bias in the five domains
Study

1 2 3 4 5 Summary
HIP
Teirlinck 2016 + + + ? + Some concerns

Qvistgaard 2006 + + ? + + Some concerns

KNEE
Beckwée 2017 + ? + - + High

Henderson 1994 + - - + ? High

Kawasaki 2009 + + - - ? High

Kudo 2013 ? - ? - ? High

Paterson 2018 + + + + ? Low
Huang 2021 + + + + ? Some concerns
The five domains in Revised Cochrane risk-of-bias tool for randomized trials. 
1: Randomization process (allocation sequence concealed and random?) 
2: Deviations from the intended interventions. 
3: Missing outcome data influencing the results.
4: Measurement of the outcome (e.g., appropriate, and blinded). 
5: Selective of the reported result.
+: low risk of bias; -: high risk of bias; ?: Unclear risk of bias

Table 3 Methodological quality in the effect modifier analysis

Study 1) Were effect 
modifiers
measured prior to
randomization*?

2) Was the quality of
measurement of
baseline factors
adequate?

3) Was there explicit
test of the interaction
between effect 
modifiers
and treatment?

Were 
methodological 
quality criteria 
fulfilled?
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HIP

Teirlinck 2016 yes yes no no

Qvistgaard 2006 yes yes yes yes

KNEE

Beckwée 2017 yes yes no no

Henderson 1994 yes yes no no

Kawasaki 2009 yes yes no no

Kudo 2013 yes yes no no

Paterson 2018 yes yes yes yes

Huang 2021 yes yes no no

*Assuming that the assessment of baseline imaging findings could not be influenced by the tested intervention in the 
case of blinding, this criterion was modified to include all blinded baseline assessments regardless of assessment time.

Treatment effect modifiers

The study on knee OA [24] that fulfilled all three quality criteria for assessing effect modification 

found that participants with moderate to severe radiographic knee OA (Kellgren-Lawrence grade 

(KL) 3-4) had additional symptomatic benefits of wearing unloading shoes compared to those with 

mild OA (KL 2). The outcome was walking pain (Numeric Rating Scale 0-10) assessed at six months. 

People with KL grade 2 responded more favorably to the conventional walking shoes (control 

intervention). The difference in adjusted mean change (unloading shoes – conventional shoes) in 

walking pain were -1.64 (95% CI: -3.07, -0.21) for KL 2, 0.98 (-0.44, 2.39) for KL 3, and 0.64 (-0.64, 

1.93) for KL 4 (interaction term p=0.02). 

The study of hip OA [26] compared the effect of IACS, intraarticular hyaluronic acid injections, and 

isotonic saline (control group) over three follow-up time points: 14 days, 28 days, and 92 days. The 

study reported the average effect size in the subgroups and found no interaction between intraarticular 

hip effusion (absent/present), or KL dichotomized (1-2/3-4) and the average effect on walking pain 

(registered on a 100 mm visual analogue scale) in any of the interventions.
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DISCUSSION

In this systematic review of subgroup analyses from RCTs, we included results from eight RCTs 

where diagnostic imaging findings as treatment effect modifiers for non-surgical interventions in knee 

and hip OA was assessed. Only two studies, one on knee OA [24] and one on hip OA [26], fulfilled 

the methodological quality criteria for assessing effect modification, highlighting analysis limitations 

that are frequent in subgroup analyses in RCTs [28, 29]. From these two studies, it appears that those 

with more severe radiographic knee OA have a greater response to shoe inserts, while there was no 

difference in response to IACS or hyaluronic acid injections in people with greater hip joint effusion 

or radiographic OA severity compared to those with less severe joint disease.

To clinicians, this finding could indicate it is pointless giving shoe inserts to people with mild 

radiographic knee OA but worthwhile in more severe radiographic knee OA. In hip OA, the severity 

of imaging findings should not influence whether to give someone an injection. However, even when 

treatment effect modifiers are investigated in high-quality randomized trials, they are still prone to 

spurious findings [30]. They should be interpreted with caution, and this systematic review finds the 

evidence is too limited to inform questions on imaging findings as treatment effect modifiers. Hence, 

the use of imaging findings for guiding treatment decisions in recommended non-surgical knee and 

hip OA interventions remains to be explored.

For several years, investigating diagnostic imaging findings as treatment effect modifiers has been a 

research agenda in OA [14]. The belief that diagnostic imaging findings in OA may identify 

subgroups showing different effects on specific treatments has driven this interest. One example is 

the belief that treatments targeting inflammation have a better effect in patients with signs of 

inflammation, e.g., effusion/synovitis diagnosed with MRI or ultrasound. Another belief revealed in 
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the literature is an expectation of structural OA severity to modify treatment effect. Radiographic OA 

severity was investigated in seven of the eight included studies. 

We included several non-surgical treatment modalities and a variety of diagnostic imaging findings 

as potential effect modifiers. However, despite beliefs in interventions that theoretically should 

provide better outcomes in specific subgroups, we found few studies on this issue. Quicke et al. 

reviewed all potential effect modifiers of therapeutic exercise for knee and hip OA [31]. They report 

limited evidence supporting varus knee malalignment, obesity, cardiac problems, varus thrust, knee 

laxity and instability, and upper leg strength as effect modifiers of therapeutic exercise. Consistent 

between the two reviews was the lack of consensus about potential effect modifiers, subgroup 

analysis limitations, and an absence of evidence, particularly for hip OA. These findings reveal that 

further well-designed, adequately powered studies, including investigation of treatment effect 

modifiers in the planning of the study, are needed to determine if imaging findings (such as 

radiographic severity or joint effusion) identify subgroups with different treatment effects.

Methodological limitations in subgroup analyses.

No formal guideline for quality appraisal in subgroup analyses exists. However, at least three 

methodological quality criteria for assessing the credibility of subgroup analysis are suggested [19, 

32, 33]. The criteria by Pincus et al. distinguish between a set of criteria (five) for studies confirming 

subgroup effects and a reduced set of criteria (three) for hypothesis-generating studies exploring 

subgroup effects [19]. We found this guideline was most suitable since all included studies were 

hypothesis-generating studies exploring modifier effects. 

Reporting interaction analyses is one of the methodological quality criteria in the assessment [19] 

since evidence of treatment effect modification requires a test of interaction between the potential 

Page 15 of 27

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

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

E
n

seig
n

em
en

t S
u

p
erieu

r (A
B

E
S

)
at A

g
en

ce B
ib

lio
g

rap
h

iq
u

e d
e l

 
o

n
 Ju

n
e 9, 2025

 
h

ttp
://b

m
jo

p
en

.b
m

j.co
m

/
D

o
w

n
lo

ad
ed

 fro
m

 
16 M

arch
 2023. 

10.1136/b
m

jo
p

en
-2022-065373 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

http://bmjopen.bmj.com/


For peer review only

15

effect modifier(s) and treatment [34]. Only two included studies reported a test of the interaction, and 

insufficient statistical tests were a significant limitation in six studies.

The sample size is another critical issue in the included studies as most RCTs are powered only to 

test the main effect of treatment. Applying an interaction test requires a significantly larger sample 

size to achieve the same statistical power or precision level as the overall effect test [9, 35]. The 

sample size is not a specific item in the methodological quality criteria we used [19]. However, a 

minimum sample size of 20 in the smallest subgroup of the modifier has been recommended [19]. 

Four included studies [20, 21, 25, 26] did not fulfill this recommendation. Thus, in the study by 

Qvistgaard et al., potentially significant interactions could be undiscovered due to insufficient sample 

size [26].

Strengths and limitations 

Strengths of this review include a rigorous risk of bias assessment and methodological quality 

appraisal of the subgroup analyses, which strengthens our confidence in the results. Further, we 

adhered to and reported our study according to the PRISMA recommendations. By only including 

guideline-recommended non-surgical interventions in knee and hip OA (OARSI-guidelines), we may 

have excluded treatments used in treating knee and hip OA in clinical practice. However, despite 

minor differences, OARSI guidelines follow OA treatment guidelines from major professional 

societies and include a variety of treatments [2]. Thus, we believe the most recognized and relevant 

interventions are included. Another limitation is that relevant articles might not have been included 

because of the limited number of databases used in the search or limitations in the search and 

screening strategy. However, no additional studies were identified from previous reviews and citation 

tracking of included articles, indicating a comprehensive and complete search.
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CONCLUSION

Methodological limitations and few studies do not permit conclusions on diagnostic imaging findings 

as effect modifiers in non-surgical interventions in knee and hip OA. One study indicated that 

radiographic severity of knee OA potentially modifies the effect of unloading shoes. This review 

identifies a knowledge gap and frequently occurring limitations in subgroup analyses.

LIST OF ABBREVIATIONS

OA: Osteoarthritis

NSAIDs: Non-Steroide Anti-Inflammatory Drugs

RCT: Randomized Controlled Trial

PROSPERO: International prospective register of systematic reviews

PRISMA: Preferred Reporting Items for Systematic reviews and Meta-Analyses

MRI: Magnetic Resonance Imaging

MRIa: Magnetic Resonance Imaging arthrography

CT: Computed Tomography

OARSI: Osteoarthritis Research Society International

RoB 2: The revised Cochrane risk-of-bias tool for randomized trials

IACS: Intraarticular Corticoid Steroid injection

KL: Kellgren-Lawrence grade
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Supplemental file 1: Complete search strategy 

 

 

MEDLINE 

1  Osteoarthritis, Knee/ 

2 Osteoarthritis, Hip/ 

3 ((Osteoarthr* adj3 knee) or (arthr* adj3 knee) or gonarthr* or gon arthr* or femorotibial 

arthr* or (osteoarthr* adj3 hip) or (arthr* adj3 hip) or coxarthr* or cox arthr*).ti,ab. 

4 1 or 2 or 3 

5 diagnostic imaging/ 

6 Magnetic Resonance Imaging/ 

7 Ultrasonography/ 

8 Ultrasonics/ 

9 exp Tomography/ 

10 X-Rays/ 

11 Radiography/ 

12 Ultrasonography/ 

13 (radiograph* or radiolog* or x ray* or mr* or magnetic resonance or ct* or computed 

tomography or sonograph* or echograph* or ultrasound or ultrasonography).ti,ab. 

14 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 

15 ((((singl* or doubl* or treb* or tripl*) adj (blind*3 or mask*3)) or (allocated adj2 

random)).tw. or (clin* adj25 trial*).ti,ab. or (clinic* adj trial*1).tw. or (double-blind* or 

random*).af. or clinical trial.pt. or clinical trials as topic.sh. or controlled clinical trial.pt. 

or double blind method.sh. or single blind method.sh. or double-blind method.sh. or 

single-blind method.sh. or drug therapy.fs. or exp clinical trials as topic/ or exp research 

design/ or placebo*.tw. or placebos.sh. or practice guideline.pt. or random allocation.sh. 

or random*.tw. or random.af. or randomized controlled trial.pt. or randomized controlled 

trials as topic.sh. or randomized.ab. or randomly allocated.tw. or randomly.ab. or single-

blind method.sh. or trial.ab. or trial.ti.) not (case report.tw. or letter.pt. or historical 

article.pt. or review of reported cases.pt. or multicase review.pt.) 

16 4 and 14 and 15 

 

EMBASE 

1  knee osteoarthritis/ 

2 hip osteoarthritis/ 

3 knee arthritis/ 

4 ((Osteoarthr* adj3 knee) or (arthr* adj3 knee) or gonarthr* or gon arthr* or femorotibial 

arthr* or (osteoarthr* adj3 hip) or (arthr* adj3 hip) or coxarthr* or cox arthr*).ti,ab. 

5 1 or 2 or 3 or 4 

6 diagnostic imaging/ 
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7 exp nuclear magnetic resonance imaging/ 

8 exp knee arthrography/ 

9 echography/ 

10 ultrasound/ 

11 knee radiography/ 

12 hip radiography/ 

13 dual energy computed tomography/ 

14 X ray/ 

15 radiography/ or computer assisted radiography/ or digital radiography/ or joint 

radiography/ 

16 exp nuclear magnetic resonance/ 

1 7 computer assisted tomography/ 

18 exp x-ray computed tomography/ 

19 (radiograph* or radiolog* or x ray* or mr* or magnetic resonance or ct* or computed 

tomography or sonograph* or echograph* or ultrasound or ultrasonography).ti,ab. 

20 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19 

21 (((singl* or doubl* or treb* or tripl*) adj (blind*3 or mask$3)) or (allocated adj2 

random)).tw. or (clin* adj25 trial*).ti,ab. or (clinic: adj trial$1).tw. or (double-blind* or 

random*).af. or exp "clinical trial (topic)"/ or exp double blind procedure/ or exp single 

blind procedure/ or exp triple blind procedure/ or placebo*.tw. or exp placebo/ or exp 

randomization/ or Random.af. or Random*.tw. or exp "randomized controlled trial 

(topic)"/ or randomized.ab. or randomly allocated.tw. or randomly.ab. or trial.ab. or 

trial.ti. or exp "controlled clinical trial (topic)"/ or randomized controlled trial/ or 

"randomized controlled trial (topic)"/ or exp "controlled clinical trial"/ 

22 5 and 20 and 21 

 

COCHRANE 
1  MeSH descriptor: [Osteoarthritis, Knee] explode all trees 

2 MeSH descriptor: [Osteoarthritis, Hip] explode all trees 

3 "Osteoarthr* NEAR/2 knee" or "arthr* NEAR/2 knee" or gonarthr* or "gon arthr*" or 

"femorotibial arthr*" or "osteoarthr* NEAR/2 hip" or "arthr* NEAR/2 hip" or coxarthr* 

or "cox arthr*" 

4 #1 OR #2 OR #3 

5 MeSH descriptor: [Diagnostic Imaging] this term only 

6 MeSH descriptor: [Magnetic Resonance Imaging] this term only 

7 MeSH descriptor: [Ultrasonography] this term only 

8 MeSH descriptor: [Ultrasonics] this term only 

9 MeSH descriptor: [Tomography] explode all trees 

10 MeSH descriptor: [X-Rays] this term only 

11 MeSH descriptor: [Ultrasonography] this term only 
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12 MeSH descriptor: [Radiography] this term only 

13 (radiograph* or radiologic* or x-ray* or mr* or "magnetic resonance" or ct* or 

"computed tomography" or sonograph* or echograph* or ultrasound or 

ultrasonography):ti,ab,kw (Word variations have been searched) 

14 #5 OR #6 OR #7 0R #8 OR #9 OR #10 0R #11 OR #12 OR #13 

15 #4 AND #14 
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PRISMA 2020 Checklist

Section and 
Topic 

Item 
# Checklist item 

Location 
where item is 
reported 

TITLE 
Title 1 Identify the report as a systematic review. page 1
ABSTRACT 
Abstract 2 See the PRISMA 2020 for Abstracts checklist. page 2
INTRODUCTION 
Rationale 3 Describe the rationale for the review in the context of existing knowledge. page 4
Objectives 4 Provide an explicit statement of the objective(s) or question(s) the review addresses. page 5
METHODS 
Eligibility criteria 5 Specify the inclusion and exclusion criteria for the review and how studies were grouped for the syntheses. page 5, 6
Information 
sources 

6 Specify all databases, registers, websites, organisations, reference lists and other sources searched or consulted to identify studies. Specify 
the date when each source was last searched or consulted.

page 5

Search strategy 7 Present the full search strategies for all databases, registers and websites, including any filters and limits used. page 5 and 
supplementary 
file 1

Selection process 8 Specify the methods used to decide whether a study met the inclusion criteria of the review, including how many reviewers screened each 
record and each report retrieved, whether they worked independently, and if applicable, details of automation tools used in the process.

page 6

Data collection 
process 

9 Specify the methods used to collect data from reports, including how many reviewers collected data from each report, whether they worked 
independently, any processes for obtaining or confirming data from study investigators, and if applicable, details of automation tools used in 
the process.

page 7

10a List and define all outcomes for which data were sought. Specify whether all results that were compatible with each outcome domain in each 
study were sought (e.g. for all measures, time points, analyses), and if not, the methods used to decide which results to collect.

page 6, 7Data items 

10b List and define all other variables for which data were sought (e.g. participant and intervention characteristics, funding sources). Describe any 
assumptions made about any missing or unclear information.

page 6, 7

Study risk of bias 
assessment

11 Specify the methods used to assess risk of bias in the included studies, including details of the tool(s) used, how many reviewers assessed 
each study and whether they worked independently, and if applicable, details of automation tools used in the process.

page 7, 8

Effect measures 12 Specify for each outcome the effect measure(s) (e.g. risk ratio, mean difference) used in the synthesis or presentation of results. page 8
13a Describe the processes used to decide which studies were eligible for each synthesis (e.g. tabulating the study intervention characteristics and 

comparing against the planned groups for each synthesis (item #5)).
page 8

13b Describe any methods required to prepare the data for presentation or synthesis, such as handling of missing summary statistics, or data 
conversions.

page 8

13c Describe any methods used to tabulate or visually display results of individual studies and syntheses. Table 1 p. 10
13d Describe any methods used to synthesize results and provide a rationale for the choice(s). If meta-analysis was performed, describe the 

model(s), method(s) to identify the presence and extent of statistical heterogeneity, and software package(s) used.
page 8

13e Describe any methods used to explore possible causes of heterogeneity among study results (e.g. subgroup analysis, meta-regression). NA

Synthesis 
methods

13f Describe any sensitivity analyses conducted to assess robustness of the synthesized results. NA
Reporting bias 
assessment

14 Describe any methods used to assess risk of bias due to missing results in a synthesis (arising from reporting biases). NA
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PRISMA 2020 Checklist

Section and 
Topic 

Item 
# Checklist item 

Location 
where item is 
reported 

Certainty 
assessment

15 Describe any methods used to assess certainty (or confidence) in the body of evidence for an outcome. page 8

RESULTS 
16a Describe the results of the search and selection process, from the number of records identified in the search to the number of studies included 

in the review, ideally using a flow diagram.
Figure 1Study selection 

16b Cite studies that might appear to meet the inclusion criteria, but which were excluded, and explain why they were excluded. NA
Study 
characteristics 

17 Cite each included study and present its characteristics. page 9

Risk of bias in 
studies 

18 Present assessments of risk of bias for each included study. Table 2 p. 11

Results of 
individual studies 

19 For all outcomes, present, for each study: (a) summary statistics for each group (where appropriate) and (b) an effect estimate and its 
precision (e.g. confidence/credible interval), ideally using structured tables or plots.

page 12

20a For each synthesis, briefly summarise the characteristics and risk of bias among contributing studies. NA
20b Present results of all statistical syntheses conducted. If meta-analysis was done, present for each the summary estimate and its precision (e.g. 

confidence/credible interval) and measures of statistical heterogeneity. If comparing groups, describe the direction of the effect.
NA

20c Present results of all investigations of possible causes of heterogeneity among study results. NA

Results of 
syntheses

20d Present results of all sensitivity analyses conducted to assess the robustness of the synthesized results. NA
Reporting biases 21 Present assessments of risk of bias due to missing results (arising from reporting biases) for each synthesis assessed. NA

Certainty of 
evidence 

22 Present assessments of certainty (or confidence) in the body of evidence for each outcome assessed. NA

DISCUSSION 
23a Provide a general interpretation of the results in the context of other evidence. page 13
23b Discuss any limitations of the evidence included in the review. page 14
23c Discuss any limitations of the review processes used. page 15

Discussion 

23d Discuss implications of the results for practice, policy, and future research. page 13, 15
OTHER INFORMATION

24a Provide registration information for the review, including register name and registration number, or state that the review was not registered. page 2
24b Indicate where the review protocol can be accessed, or state that a protocol was not prepared. page 2

Registration and 
protocol

24c Describe and explain any amendments to information provided at registration or in the protocol. NA
Support 25 Describe sources of financial or non-financial support for the review, and the role of the funders or sponsors in the review. page 17
Competing 
interests

26 Declare any competing interests of review authors. page 17

Availability of 
data, code and 
other materials

27 Report which of the following are publicly available and where they can be found: template data collection forms; data extracted from included 
studies; data used for all analyses; analytic code; any other materials used in the review.

page 17
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24 ABSTRACT

25 Objectives: To review the available evidence on diagnostic imaging findings in knee and hip 

26 osteoarthritis (OA) as treatment effect modifiers in non-surgical OA interventions.

27 Methods: MEDLINE, Embase, and The Cochrane Central Register of Controlled Trials were 

28 searched from the earliest records published to March 22nd, 2022. Studies in knee and hip OA 

29 reporting subgroup analyses in Randomized Controlled Trials with imaging findings as potential 

30 treatment effect modifiers were included. Studies were critically appraised using the Cochrane risk 

31 of bias tool and a subgroup analysis quality assessment.

32 Results: Of 10,014 titles and abstracts screened, eight studies met the inclusion criteria, six on knee 

33 OA and two on hip OA. The studies investigated effect modifiers in exercise therapy, intra-articular 

34 injections, and unloading shoes. Imaging findings assessed as potential treatment effect modifiers 

35 were radiographic OA severity, hip effusion (ultrasound), bone marrow lesions, and meniscal 

36 pathology (MRI). Two studies fulfilled the methodological quality criteria for assessing effect 

37 modification. One reported that radiographic knee OA severity modified the effect of unloading shoes 

38 on walking pain. Those with more severe radiographic knee OA had a greater response to shoe inserts. 

39 One reported no interaction between radiographic OA severity or joint effusion and the effect of 

40 intraarticular injections of corticosteroid or hyaluronic acid in hip OA, indicating no difference in 

41 response in people with greater hip joint effusion or radiographic OA severity compared to those with 

42 less severe joint disease.

43 Conclusion: Overall, methodological limitations and very few studies do not permit conclusions on 

44 diagnostic imaging findings as effect modifiers in non-surgical interventions in knee and hip OA. 

45 Radiographic severity of knee OA potentially modifies the effect of unloading shoes. 

46

47 PROSPERO registration number CRD42020181934
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48 Keywords: hip osteoarthritis, knee osteoarthritis, effect modifier, moderator, modifier, sub-group 

49 analysis, diagnostic imaging.

50

51 Strengths and limitations of this study

52  The conduct and reporting of the review were guided by the Preferred Reporting Items for Systematic 

53 reviews and Meta-Analyses (PRISMA) 2020 statement ensuring transparency in the methodology.

54  We performed a rigorous risk of bias assessment and methodological quality appraisal.

55  By only assessing studies on guideline-recommended non-surgical interventions, findings may not 

56 apply to all clinical situations.”

57

58
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59 INTRODUCTION 

60 Clinical guidelines universally recommend patient education and exercise therapy as first-line 

61 treatments for knee and hip osteoarthritis (OA) [1-3] complemented by weight loss, Non-Steroidal 

62 Anti-Inflammatory Drugs (NSAIDs), corticosteroids, or hyaluronic acid injections, and several 

63 adjunctive medications and interventions [1, 3]. The common finding of relatively small treatment 

64 effects for many interventions has nourished the belief that subgroups showing larger effects may be 

65 identified in more homogenous groups of patients [4-6]. This belief has driven the interest in 

66 identifying subgroups of patients likely to respond better to specific interventions or respond poorly 

67 to an intervention where other approaches may be more efficacious [7].

68 A well-recognized method for identifying clinically relevant subgroups in a patient population is to 

69 analyze treatment effect modifiers using randomized controlled trial (RCT) data. Effect modifiers 

70 (also known as moderators) are patient characteristics, i.e., sociodemographic, clinical, or other 

71 features, that interact with the treatment to influence clinical outcomes [8]. They are different from 

72 prognostic factors or predictors, which identify patients with different outcomes regardless of the 

73 intervention [9]. Thus, prognostic factors or predictors do not provide information about which 

74 patients will likely respond best to specific interventions.

75 Diagnostic imaging can detect a range of structural changes [10] that may have a bearing on function, 

76 pain, and disease progression in knee and hip OA [11-13]. Likewise, diagnostic imaging findings 

77 may be potential treatment effect modifiers, either individually or as combined findings. Although 

78 the evidence on imaging findings as predictors or prognostic factors in knee and hip OA is relatively 

79 comprehensive, little is known about these findings as potential treatment effect modifiers [14]. 

80 To improve the targeting of non-surgical interventions and inform future research into treatment 

81 effect modification, we aimed to systematically review of the literature on diagnostic imaging 
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82 findings as modifiers of patient-reported outcome or function after non-surgical interventions in knee 

83 and hip OA. 

84

85 The specific objectives were to 1) summarize the evidence on diagnostic imaging findings that modify 

86 the effect of non-surgical interventions for knee and hip OA and 2) determine the magnitude of effect 

87 modification reported for the individual imaging findings and interventions.

88

89 METHODS

90 The protocol for this systematic review was registered in the PROSPERO database: International 

91 prospective register of systematic reviews (CRD42020181934). The Preferred Reporting Items for 

92 Systematic reviews and Meta-Analyses (PRISMA) 2020 statement [15] was used to guide the conduct 

93 and reporting of the study.

94

95 Patient and Public Involvement

96 Patients and/or the public were not involved in the design, or conduct, or reporting, or dissemination 

97 plans of this research.

98

99 Database search strategy

100 The literature search was performed with no restrictions on publication type or language within the 

101 following databases: MEDLINE and Embase (via OVID) and The Cochrane Central Register of 

102 Controlled Trials, from the earliest records published to March 19th, 2021, and updated the search on 

103 March 22nd, 2022. Search terms covered the following domains: knee OA, hip OA, and diagnostic 

104 imaging (radiography, ultrasound, magnetic resonance imaging (MRI) including MRI arthrography 

105 (MRIa), Computed Tomography (CT)). Search terms and database-specific variations and synonyms 
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106 were used as keywords and Medical Subject Headings. Database-specific filters for RCTs were used 

107 in MEDLINE and EMBASE [16]. (Supplementary file 1 for the complete search strategy). Reference 

108 and citation tracking of included articles and related reviews within the topic was performed to 

109 identify further studies.

110

111 Eligibility criteria

112 To be included, studies had to be RCTs and meet the following criteria:

113 1) Include people aged >18 years with hip/knee pain suspected or confirmed to be caused by OA 

114 (radiographic, clinical criteria, or self-reported).

115 2) Include non-surgical interventions strongly or conditionally recommended by Osteoarthritis 

116 Research Society International (OARSI) guidelines [2] and compare with either another OARSI 

117 recommended non-surgical intervention, placebo, or no treatment.

118 3) Include baseline diagnostic imaging findings as potential effect modifiers, e.g., structural, or 

119 inflammatory findings on radiographs, computed tomography (CT), Magnetic Resonance Imaging 

120 (MRI/MRIa), or diagnostic ultrasound. As an exception for baseline assessment, imaging findings 

121 could be retrieved from radiographs from the previous 12 months.

122 4) Report the outcome stratified by imaging finding(s) or report an interaction test between treatment 

123 and the imaging finding(s). The outcome had to be patient-reported outcome measures or functional 

124 measures collected via tests, i.e., excluding imaging findings and biochemical markers.

125 Studies of patients with hip/knee pain of other specific pathological origins (e.g., fracture, avascular 

126 necrosis, tumor, infection) or prior knee or hip arthroplasty and studies that were not available in 

127 English or full text (e.g., conference abstracts) were excluded.

128

129 Study selection
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130 Records returned from the search were screened using a two-stage process. One reviewer (SHC) 

131 screened titles and abstracts against the eligibility criteria in the first stage. In the second screening 

132 stage, full-text versions of the potentially relevant studies were independently screened by two 

133 reviewers (SHC/JK/BA). When necessary, discrepancies were resolved through discussion. 

134 Reasons for exclusion of full-text articles were recorded. All references identified in the database 

135 search were managed using Endnote X9 (Clarivate Analytics, Philadelphia, USA) and Covidence 

136 systematic review software (Veritas Health Innovation, Melbourne, Australia). De-duplication and 

137 data extraction was conducted in Covidence [17].

138

139 Data extraction

140 Relevant data were extracted independently by two reviewers (SHC/JHe) using a standardized form 

141 including clinical settings, population (knee or hip OA), age, diagnostic criteria for OA, 

142 intervention(s), comparator, outcome(s), follow-up time points, and imaging findings(s) assessed as 

143 effect modifier(s). Data on potential treatment effect modifiers and associated analysis of treatment 

144 effect modification were also extracted. If the study was a secondary analysis from an RCT, the 

145 primary study article was consulted to get further information if necessary. Two reviewers completed 

146 data extraction independently (SC, JHe). In cases of disagreement, a joint review of the original article 

147 was performed until consensus was reached, with a third reviewer (BA) resolving questions of doubt 

148 and disagreements if necessary.

149

150 Critical appraisal

151 The critical appraisal was performed by two of the authors independently (SC, JHe) and the results 

152 discussed during a joint review of the original article. The critical appraisal was performed in two 

153 steps. First, the revised Cochrane risk-of-bias tool for randomized trials (RoB 2) [18] was used to 
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154 evaluate the design and conduct of the RCT. We used a “conservative summary risk of bias judgment” 

155 based on the lowest rating for any individual domain. Second, a methodological quality appraisal for 

156 assessing effect modification was carried out using the criteria suggested by Pincus et al. [19]. The 

157 assessment was based on the three criteria:

158 1) Were effect modifiers measured prior to randomization? We modified this to include all assessor-

159 blinded baseline assessments of the imaging finding(s) since there is no risk of the findings being 

160 influenced by the tested intervention by this modification.

161 2) Was the quality of measurement of the effect modifiers (imaging findings) adequate (reliable and 

162 valid)?

163 3) Was there a relevant subgroup analysis? (Identification of treatment effect modifiers should be 

164 based on statistical tests of interactions).

165 The methodological quality criteria for the effect modifier analysis were fulfilled if a study met all 

166 three criteria.

167

168 Data synthesis

169 Results on treatment effect modification (e.g., mean difference and interaction term) are exclusively 

170 reported only from the studies that had a risk of bias of “low” or “some concerns,” excluding studies 

171 with a high risk of bias. Moreover, all three methodological quality criteria for assessing effect 

172 modification had to be fulfilled. 

173 Due to the methodological quality and heterogeneity between the included trials in terms of imaging 

174 findings assessed, categorization of potential effect modifiers, interventions, and outcomes, it was 

175 impossible to perform a meta-analysis, and the results are presented descriptively.

176

177 RESULTS
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178 Search results and study selection

179 The search identified 14,399 papers. No additional studies were identified through previous reviews 

180 and citation tracking of included articles. The study selection process is presented in Fig. 1. After 

181 removing duplicates, 10,014 titles and abstracts were screened, and 102 records were deemed relevant 

182 for full-text screening. After the full-text screening, eight studies, six studies on knee OA [20-25] and 

183 two on hip OA [26, 27], met the eligibility criteria for this review (table 1).

184

185

186 Suggested position Figure 1. 

187 Legend: Figure 1. The study selection process

188

189 Study characteristics

190 Study samples were recruited from communities [23, 24], primary health care [27], and secondary 

191 health care [20-22, 25, 26] settings. The number of participants varied from 35 to 203, and the mean 

192 age ranged from 60.1 to 72.1 years. Two studies had sub-group analysis as a primary objective [20, 

193 23], and in six studies, the sub-group analysis was applied post-hoc [21, 22, 24-27]. The potential 

194 effect modifiers were radiographic OA severity in seven studies [21-27]. Other potential effect 

195 modifiers reported were joint effusion assessed using ultrasound [26], bone marrow lesions on MRI 

196 [20, 23], and meniscal pathology on MRI [23] (see table 1 for details). The interventions investigated 

197 were exercise therapy [20, 23, 27], intraarticular hyaluronic acid injection [21, 22, 25, 26], 

198 intraarticular corticoid steroid injection (IACS) [26], and unloading shoes [24].

199
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200 Table 1 Individual study characteristics in the eight included RCT studies.
201

Study Clinical setting Country Intervention and control 
groups and number of 
participants

Participants mean 
age in the group(s), 
years (SD)

OA criteria for 
inclusion

Primary outcome(s) Follow-up time 
points

Imaging feature assessed as effect modifier

HIP
Teirlinck 2016 Primary care 

(Physiotherapy and 
general practices) 

The 
Netherlands

A) Exercise therapy + usual 
care (GP), n=101
B) Usual care (GP), n=102

A) 64 (8.5) 
B) 67 (9.6)

ACR HOOS pain and 
function

6 weeks, 
3,6,9,12 months

Radiographic OA severity
(KL dichotomized 0-1 or ≥ 2)

Qvistgaard
2006

Secondary care
(Rheumatology 
outpatient clinic)

Denmark A) HA injection, n=33
B) IACS, n=32
C) Saline injection, n=36

A) 65 (14)
B) 69 (9)
C) 64 (11)

ACR Pain on walking 
(VAS)

14, 28, 90 days 1) Radiographic OA severity
(KL dichotomized 1-2 or ≥ 3)
2) Effusion (US) present/ absent

KNEE
Beckwée 2017 Secondary care

(Orthopedic 
outpatient clinic)

Belgium A) Strength training, n=17
B) Walking training, n=18

A) 63.7 (8.1)
B) 60.1 (9.5)

ACR ICOAP 
The patient’s global 
perceived effect

18 weeks Bone marrow lesions dichotomized present/ 
absent (MRI)

Henderson 
1994

Secondary care 
(Rheumatology 
outpatient clinics)

England A) HA injection, n=45
B) Saline injection, n=46

A) Early OA: 
63.9 (1.9) 
Advanced OA: 
72.1 (1.7) 
B) Early OA:
60.0 (1.9) 
Advanced OA:
67.0 (1.7)

Knee pain and KL 
> 0

Pain (VAS) in the 
morning, evening, 
climbing stairs, 
rising from chair 
and nominated 
activity

1-2-3-4-5 weeks, 
1-3-5 months

Radiographic OA severity
(KL dichotomized 1-2 or ≥ 3)

Kawasaki 2009 Secondary care (no 
information on 
departments)

Japan A) HA injection, n=42
B) Exercise therapy, n=45

A) 69.5 (8.4)
B) 71.2 (7.1)

ACR Pain (VAS)
JKOM
OMERACT–
OARSI response

24 weeks Radiographic OA severity (JSW 
dichotomized 
(< 3.0 mm, ≥ 3.0 mm))

Kudo 
2013

Secondary care 
(Orthopedic 
outpatient clinic)

Japan A) Group exercise, n=81
B) Home exercise, n=122

A) 63.8 (5.9)
B) 65.6 (5.8)

Knee pain and KL 
> 0

Normalized 
WOMAC 

3 months 1) Radiographic OA severity
(KL dichotomized 1-2 or ≥ 3)
2) Meniscal pathology dichotomized into 
Mink grade 0-2 or grade 3 (MRI)
3) Bone marrow lesions dichotomized 
present/ absent (MRI)

Paterson 2018 Department of 
Physiotherapy, the 
University of 
Melbourne

Australia A) Unloading shoes, n=83
B) Walking shoes, n=81

A) 65.2 (6.9) 
B) 63.3 (7.9)

Knee pain and KL 
> 1

Average knee pain 
on walking over the 
previous week 
(NRS) 

6 months Radiographic OA severity (three groups)
KL 2, KL 3, KL 4

Huang 2021 Medical University 
Hospital

China A) CHAP-HA single-
injection, n=71
B) Linear HA three-
injection, n=69

A) 56.6 ± 12.6
B) 56.0 ± 9.7

Knee pain and KL 2 
or 3

VAS pain at 26 
weeks

4-12-26-39-52 
weeks

Radiographic OA severity
(KL 2 or 3)

SD: Standard deviation, GP: General practice, ACR: American College of Rheumatology criteria for hip OA, IACS: Intraarticular Corticosteroid Injection, HA: Hyaluronic Acid, HHS: Harris Hip Score, KL: 
Kellgren-Lawrence grade, US: ultrasound imaging, VAS: Visual analog scale, NRS: Numeric rating scale, ICOAP: The intermittent and constant osteoarthritis pain questionnaire, JKOM: The Japanese Knee 
Osteoarthritis Measure, Normalized WOMAC = (raw score out of 96) x 100/96, JSW: Joint space width.
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203 Critical appraisal

204 Table 2 lists the risk of bias for each study, and table 3 the methodological quality of effect modifier 

205 analyses. One study had a low risk of bias [24], three studies had some concerns [25-27], and four 

206 studies had a high risk of bias [20-23]. Two studies, one on knee OA [24] and one on hip OA [26], 

207 fulfilled all three methodological quality criteria of the effect modifier analysis. Of these, one had a 

208 low risk of bias [24], and one had a risk of bias with some concerns [26]. The remaining six studies 

209 [20-23, 25, 27] did not fulfill the methodological quality criteria of the effect modifier analysis, all 

210 due to the lack of an interaction test between effect modifiers and treatment.

211

212 Table 2 Risk of bias in the randomized controlled trials

Risk of bias in the five domains
Study

1 2 3 4 5 Summary
HIP
Teirlinck 2016 + + + ? + Some concerns

Qvistgaard 2006 + + ? + + Some concerns

KNEE
Beckwée 2017 + ? + - + High

Henderson 1994 + - - + ? High

Kawasaki 2009 + + - - ? High

Kudo 2013 ? - ? - ? High

Paterson 2018 + + + + ? Low
Huang 2021 + + + + ? Some concerns
The five domains in Revised Cochrane risk-of-bias tool for randomized trials. 
1: Randomization process (allocation sequence concealed and random?) 
2: Deviations from the intended interventions. 
3: Missing outcome data influencing the results.
4: Measurement of the outcome (e.g., appropriate, and blinded). 
5: Selective of the reported result.
+: low risk of bias; -: high risk of bias; ?: Unclear risk of bias

213
214

215 Table 3 Methodological quality in the effect modifier analysis
216

Study 1) Were effect 
modifiers
measured prior to
randomization*?

2) Was the quality of
measurement of
baseline factors
adequate?

3) Was there explicit
test of the interaction
between effect 
modifiers
and treatment?

Were 
methodological 
quality criteria 
fulfilled?
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HIP

Teirlinck 2016 yes yes no no

Qvistgaard 2006 yes yes yes yes

KNEE

Beckwée 2017 yes yes no no

Henderson 1994 yes yes no no

Kawasaki 2009 yes yes no no

Kudo 2013 yes yes no no

Paterson 2018 yes yes yes yes

Huang 2021 yes yes no no

217 *Assuming that the assessment of baseline imaging findings could not be influenced by the tested intervention in the 
218 case of blinding, this criterion was modified to include all blinded baseline assessments regardless of assessment time.
219

220 Treatment effect modifiers

221 The study on knee OA [24] that fulfilled all three quality criteria for assessing effect modification 

222 included 164 participants and found that participants with moderate to severe radiographic knee OA 

223 (Kellgren-Lawrence grade (KL) 3-4) had additional symptomatic benefits of wearing unloading shoes 

224 compared to those with mild OA (KL 2). The outcome was walking pain (Numeric Rating Scale 0-

225 10) assessed at six months. People with KL grade 2 responded more favorably to the conventional 

226 walking shoes (control intervention). The difference in adjusted mean change (unloading shoes – 

227 conventional shoes) in walking pain were -1.64 (95% CI: -3.07, -0.21) for KL 2, 0.98 (-0.44, 2.39) 

228 for KL 3, and 0.64 (-0.64, 1.93) for KL 4 (interaction term p=0.02). 

229 The study of hip OA [26] included 101 patients and compared the effect of IACS, intraarticular 

230 hyaluronic acid injections, and isotonic saline (control group) over three follow-up time points: 14 

231 days, 28 days, and 92 days. The study reported the average effect size in the subgroups and found no 

232 interaction between intraarticular hip effusion (absent/present), or KL dichotomized (1-2/3-4) and the 

233 average effect on walking pain (registered on a 100 mm visual analogue scale) in any of the 

234 interventions.
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235

236 DISCUSSION

237 In this systematic review of subgroup analyses from RCTs, we included results from eight RCTs 

238 where diagnostic imaging findings as treatment effect modifiers for non-surgical interventions in knee 

239 and hip OA was assessed. Only two studies, one on knee OA [24] and one on hip OA [26], fulfilled 

240 the methodological quality criteria for assessing effect modification, highlighting analysis limitations 

241 that are frequent in subgroup analyses in RCTs [28, 29]. From these two studies, it appears that those 

242 with more severe radiographic knee OA have a greater response to shoe inserts, while there was no 

243 difference in response to IACS or hyaluronic acid injections in people with greater hip joint effusion 

244 or radiographic OA severity compared to those with less severe joint disease.

245 To clinicians, this finding could indicate it is pointless giving shoe inserts to people with mild 

246 radiographic knee OA but worthwhile in more severe radiographic knee OA. In hip OA, the severity 

247 of imaging findings should not influence whether to give someone an injection. However, even when 

248 treatment effect modifiers are investigated in high-quality randomized trials, they are still prone to 

249 spurious findings [30]. They should be interpreted with caution, and this systematic review finds the 

250 evidence is too limited to inform questions on imaging findings as treatment effect modifiers. Hence, 

251 the use of imaging findings for guiding treatment decisions in recommended non-surgical knee and 

252 hip OA interventions remains to be explored.

253

254 For several years, investigating diagnostic imaging findings as treatment effect modifiers has been a 

255 research agenda in OA [14]. The belief that diagnostic imaging findings in OA may identify 

256 subgroups showing different effects on specific treatments has driven this interest. One example is 

257 the belief that therapies targeting inflammation better affect patients with signs of inflammation, e.g., 

258 effusion/synovitis visualized with MRI or ultrasound. However, this study's results revealed that there 
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259 is currently no evidence to support this theory. Another belief exposed in the literature is an 

260 expectation of structural OA severity to modify treatment effects. While radiographic OA severity 

261 was investigated in seven of the eight included studies in the current review, only one high-quality 

262 study reported OA severity as an effect modifier (to unloading shoes). It is, moreover, essential to 

263 acknowledge that radiographic OA severity and patient symptom severity do not correlate well [31]. 

264 Therefore, the diagnosis of osteoarthritis is clinical [32], and radiographs provide little value in 

265 addition to the clinical assessment in primary care [14, 33]. Currently, no evidence supports using 

266 imaging to guide non-surgical treatment decisions.

267

268 We included several non-surgical treatment modalities and a variety of diagnostic imaging findings 

269 as potential effect modifiers. However, despite beliefs in interventions that theoretically should 

270 provide better outcomes in specific subgroups, we found few studies on this issue. Quicke et al. 

271 reviewed all potential effect modifiers of therapeutic exercise for knee and hip OA [34]. They report 

272 limited evidence supporting varus knee malalignment, obesity, cardiac problems, varus thrust, knee 

273 laxity and instability, and upper leg strength as effect modifiers of therapeutic exercise. Consistent 

274 between the two reviews was the lack of consensus about potential effect modifiers, subgroup 

275 analysis limitations, and an absence of evidence, particularly for hip OA. These findings reveal that 

276 further well-designed, adequately powered studies, including investigation of treatment effect 

277 modifiers in the planning of the study, are needed to determine if imaging findings (such as 

278 radiographic severity or joint effusion) identify subgroups with different treatment effects.

279

280 Methodological limitations in subgroup analyses.

281 No formal guideline for quality appraisal in subgroup analyses exists. However, at least three 

282 methodological quality criteria for assessing the credibility of subgroup analysis are suggested [19, 
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283 35, 36]. The criteria by Pincus et al. distinguish between a set of criteria (five) for studies confirming 

284 subgroup effects and a reduced set of criteria (three) for hypothesis-generating studies exploring 

285 subgroup effects [19]. We found this guideline was most suitable since all included studies were 

286 hypothesis-generating studies exploring modifier effects. 

287 Reporting interaction analyses is one of the methodological quality criteria in the assessment [19] 

288 since evidence of treatment effect modification requires a test of interaction between the potential 

289 effect modifier(s) and treatment [37]. Only two included studies reported a test of the interaction, and 

290 insufficient statistical tests were a significant limitation in six studies.

291 The sample size is another critical issue in the included studies as most RCTs are powered only to 

292 test the main effect of treatment. Applying an interaction test requires a significantly larger sample 

293 size to achieve the same statistical power or precision level as the overall effect test [9, 38]. The 

294 sample size is not a specific item in the methodological quality criteria we used [19]. However, a 

295 minimum sample size of 20 in the smallest subgroup of the modifier has been recommended [19]. 

296 Four included studies [20, 21, 25, 26] did not fulfill this recommendation. Thus, in the study by 

297 Qvistgaard et al., potentially significant interactions could be undiscovered due to insufficient sample 

298 size [26].

299

300 Strengths and limitations 

301 Strengths of this review include a rigorous risk of bias assessment and methodological quality 

302 appraisal of the subgroup analyses, which strengthens our confidence in the results. Further, we 

303 adhered to and reported our study according to the PRISMA recommendations. By only including 

304 guideline-recommended non-surgical interventions in knee and hip OA (OARSI-guidelines), we may 

305 have excluded treatments used in treating knee and hip OA in clinical practice. However, despite 

306 minor differences, OARSI guidelines follow OA treatment guidelines from major professional 
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307 societies and include a variety of treatments [2]. Thus, we believe the most recognized and relevant 

308 interventions are included. Another limitation is that relevant articles might not have been included 

309 because of the limited number of databases used in the search or limitations in the search and 

310 screening strategy. However, no additional studies were identified from previous reviews and citation 

311 tracking of included articles, indicating a comprehensive and complete search.

312

313 CONCLUSION

314 Methodological limitations and few studies do not permit conclusions on diagnostic imaging findings 

315 as effect modifiers in non-surgical interventions in knee and hip OA. One study indicated that 

316 radiographic severity of knee OA potentially modifies the effect of unloading shoes. This review 

317 identifies a knowledge gap and frequently occurring limitations in subgroup analyses.

318

319 LIST OF ABBREVIATIONS

320 OA: Osteoarthritis

321 NSAIDs: Non-Steroide Anti-Inflammatory Drugs

322 RCT: Randomized Controlled Trial

323 PROSPERO: International prospective register of systematic reviews

324 PRISMA: Preferred Reporting Items for Systematic reviews and Meta-Analyses

325 MRI: Magnetic Resonance Imaging

326 MRIa: Magnetic Resonance Imaging arthrography

327 CT: Computed Tomography

328 OARSI: Osteoarthritis Research Society International

329 RoB 2: The revised Cochrane risk-of-bias tool for randomized trials

330 IACS: Intraarticular Corticoid Steroid injection
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331 KL: Kellgren-Lawrence grade

332
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Supplemental file 1: Complete search strategy 

 

 

MEDLINE 

1  Osteoarthritis, Knee/ 

2 Osteoarthritis, Hip/ 

3 ((Osteoarthr* adj3 knee) or (arthr* adj3 knee) or gonarthr* or gon arthr* or femorotibial 

arthr* or (osteoarthr* adj3 hip) or (arthr* adj3 hip) or coxarthr* or cox arthr*).ti,ab. 

4 1 or 2 or 3 

5 diagnostic imaging/ 

6 Magnetic Resonance Imaging/ 

7 Ultrasonography/ 

8 Ultrasonics/ 

9 exp Tomography/ 

10 X-Rays/ 

11 Radiography/ 

12 Ultrasonography/ 

13 (radiograph* or radiolog* or x ray* or mr* or magnetic resonance or ct* or computed 

tomography or sonograph* or echograph* or ultrasound or ultrasonography).ti,ab. 

14 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 

15 ((((singl* or doubl* or treb* or tripl*) adj (blind*3 or mask*3)) or (allocated adj2 

random)).tw. or (clin* adj25 trial*).ti,ab. or (clinic* adj trial*1).tw. or (double-blind* or 

random*).af. or clinical trial.pt. or clinical trials as topic.sh. or controlled clinical trial.pt. 

or double blind method.sh. or single blind method.sh. or double-blind method.sh. or 

single-blind method.sh. or drug therapy.fs. or exp clinical trials as topic/ or exp research 

design/ or placebo*.tw. or placebos.sh. or practice guideline.pt. or random allocation.sh. 

or random*.tw. or random.af. or randomized controlled trial.pt. or randomized controlled 

trials as topic.sh. or randomized.ab. or randomly allocated.tw. or randomly.ab. or single-

blind method.sh. or trial.ab. or trial.ti.) not (case report.tw. or letter.pt. or historical 

article.pt. or review of reported cases.pt. or multicase review.pt.) 

16 4 and 14 and 15 

 

EMBASE 

1  knee osteoarthritis/ 

2 hip osteoarthritis/ 

3 knee arthritis/ 

4 ((Osteoarthr* adj3 knee) or (arthr* adj3 knee) or gonarthr* or gon arthr* or femorotibial 

arthr* or (osteoarthr* adj3 hip) or (arthr* adj3 hip) or coxarthr* or cox arthr*).ti,ab. 

5 1 or 2 or 3 or 4 

6 diagnostic imaging/ 
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7 exp nuclear magnetic resonance imaging/ 

8 exp knee arthrography/ 

9 echography/ 

10 ultrasound/ 

11 knee radiography/ 

12 hip radiography/ 

13 dual energy computed tomography/ 

14 X ray/ 

15 radiography/ or computer assisted radiography/ or digital radiography/ or joint 

radiography/ 

16 exp nuclear magnetic resonance/ 

1 7 computer assisted tomography/ 

18 exp x-ray computed tomography/ 

19 (radiograph* or radiolog* or x ray* or mr* or magnetic resonance or ct* or computed 

tomography or sonograph* or echograph* or ultrasound or ultrasonography).ti,ab. 

20 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19 

21 (((singl* or doubl* or treb* or tripl*) adj (blind*3 or mask$3)) or (allocated adj2 

random)).tw. or (clin* adj25 trial*).ti,ab. or (clinic: adj trial$1).tw. or (double-blind* or 

random*).af. or exp "clinical trial (topic)"/ or exp double blind procedure/ or exp single 

blind procedure/ or exp triple blind procedure/ or placebo*.tw. or exp placebo/ or exp 

randomization/ or Random.af. or Random*.tw. or exp "randomized controlled trial 

(topic)"/ or randomized.ab. or randomly allocated.tw. or randomly.ab. or trial.ab. or 

trial.ti. or exp "controlled clinical trial (topic)"/ or randomized controlled trial/ or 

"randomized controlled trial (topic)"/ or exp "controlled clinical trial"/ 

22 5 and 20 and 21 

 

COCHRANE 
1  MeSH descriptor: [Osteoarthritis, Knee] explode all trees 

2 MeSH descriptor: [Osteoarthritis, Hip] explode all trees 

3 "Osteoarthr* NEAR/2 knee" or "arthr* NEAR/2 knee" or gonarthr* or "gon arthr*" or 

"femorotibial arthr*" or "osteoarthr* NEAR/2 hip" or "arthr* NEAR/2 hip" or coxarthr* 

or "cox arthr*" 

4 #1 OR #2 OR #3 

5 MeSH descriptor: [Diagnostic Imaging] this term only 

6 MeSH descriptor: [Magnetic Resonance Imaging] this term only 

7 MeSH descriptor: [Ultrasonography] this term only 

8 MeSH descriptor: [Ultrasonics] this term only 

9 MeSH descriptor: [Tomography] explode all trees 

10 MeSH descriptor: [X-Rays] this term only 

11 MeSH descriptor: [Ultrasonography] this term only 
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12 MeSH descriptor: [Radiography] this term only 

13 (radiograph* or radiologic* or x-ray* or mr* or "magnetic resonance" or ct* or 

"computed tomography" or sonograph* or echograph* or ultrasound or 

ultrasonography):ti,ab,kw (Word variations have been searched) 

14 #5 OR #6 OR #7 0R #8 OR #9 OR #10 0R #11 OR #12 OR #13 

15 #4 AND #14 
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PRISMA 2020 Checklist

Section and 
Topic 

Item 
# Checklist item 

Location 
where item is 
reported 

TITLE 
Title 1 Identify the report as a systematic review. page 1
ABSTRACT 
Abstract 2 See the PRISMA 2020 for Abstracts checklist. page 2
INTRODUCTION 
Rationale 3 Describe the rationale for the review in the context of existing knowledge. page 4
Objectives 4 Provide an explicit statement of the objective(s) or question(s) the review addresses. page 5
METHODS 
Eligibility criteria 5 Specify the inclusion and exclusion criteria for the review and how studies were grouped for the syntheses. page 5, 6
Information 
sources 

6 Specify all databases, registers, websites, organisations, reference lists and other sources searched or consulted to identify studies. Specify 
the date when each source was last searched or consulted.

page 5

Search strategy 7 Present the full search strategies for all databases, registers and websites, including any filters and limits used. page 5 and 
supplementary 
file 1

Selection process 8 Specify the methods used to decide whether a study met the inclusion criteria of the review, including how many reviewers screened each 
record and each report retrieved, whether they worked independently, and if applicable, details of automation tools used in the process.

page 6

Data collection 
process 

9 Specify the methods used to collect data from reports, including how many reviewers collected data from each report, whether they worked 
independently, any processes for obtaining or confirming data from study investigators, and if applicable, details of automation tools used in 
the process.

page 7

10a List and define all outcomes for which data were sought. Specify whether all results that were compatible with each outcome domain in each 
study were sought (e.g. for all measures, time points, analyses), and if not, the methods used to decide which results to collect.

page 6, 7Data items 

10b List and define all other variables for which data were sought (e.g. participant and intervention characteristics, funding sources). Describe any 
assumptions made about any missing or unclear information.

page 6, 7

Study risk of bias 
assessment

11 Specify the methods used to assess risk of bias in the included studies, including details of the tool(s) used, how many reviewers assessed 
each study and whether they worked independently, and if applicable, details of automation tools used in the process.

page 7, 8

Effect measures 12 Specify for each outcome the effect measure(s) (e.g. risk ratio, mean difference) used in the synthesis or presentation of results. page 8
13a Describe the processes used to decide which studies were eligible for each synthesis (e.g. tabulating the study intervention characteristics and 

comparing against the planned groups for each synthesis (item #5)).
page 8

13b Describe any methods required to prepare the data for presentation or synthesis, such as handling of missing summary statistics, or data 
conversions.

page 8

13c Describe any methods used to tabulate or visually display results of individual studies and syntheses. Table 1 p. 10
13d Describe any methods used to synthesize results and provide a rationale for the choice(s). If meta-analysis was performed, describe the 

model(s), method(s) to identify the presence and extent of statistical heterogeneity, and software package(s) used.
page 8

13e Describe any methods used to explore possible causes of heterogeneity among study results (e.g. subgroup analysis, meta-regression). NA

Synthesis 
methods

13f Describe any sensitivity analyses conducted to assess robustness of the synthesized results. NA
Reporting bias 
assessment

14 Describe any methods used to assess risk of bias due to missing results in a synthesis (arising from reporting biases). NA
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PRISMA 2020 Checklist

Section and 
Topic 

Item 
# Checklist item 

Location 
where item is 
reported 

Certainty 
assessment

15 Describe any methods used to assess certainty (or confidence) in the body of evidence for an outcome. page 8

RESULTS 
16a Describe the results of the search and selection process, from the number of records identified in the search to the number of studies included 

in the review, ideally using a flow diagram.
Figure 1Study selection 

16b Cite studies that might appear to meet the inclusion criteria, but which were excluded, and explain why they were excluded. NA
Study 
characteristics 

17 Cite each included study and present its characteristics. page 9

Risk of bias in 
studies 

18 Present assessments of risk of bias for each included study. Table 2 p. 11

Results of 
individual studies 

19 For all outcomes, present, for each study: (a) summary statistics for each group (where appropriate) and (b) an effect estimate and its 
precision (e.g. confidence/credible interval), ideally using structured tables or plots.

page 12

20a For each synthesis, briefly summarise the characteristics and risk of bias among contributing studies. NA
20b Present results of all statistical syntheses conducted. If meta-analysis was done, present for each the summary estimate and its precision (e.g. 

confidence/credible interval) and measures of statistical heterogeneity. If comparing groups, describe the direction of the effect.
NA

20c Present results of all investigations of possible causes of heterogeneity among study results. NA

Results of 
syntheses

20d Present results of all sensitivity analyses conducted to assess the robustness of the synthesized results. NA
Reporting biases 21 Present assessments of risk of bias due to missing results (arising from reporting biases) for each synthesis assessed. NA

Certainty of 
evidence 

22 Present assessments of certainty (or confidence) in the body of evidence for each outcome assessed. NA

DISCUSSION 
23a Provide a general interpretation of the results in the context of other evidence. page 13
23b Discuss any limitations of the evidence included in the review. page 14
23c Discuss any limitations of the review processes used. page 15

Discussion 

23d Discuss implications of the results for practice, policy, and future research. page 13, 15
OTHER INFORMATION

24a Provide registration information for the review, including register name and registration number, or state that the review was not registered. page 2
24b Indicate where the review protocol can be accessed, or state that a protocol was not prepared. page 2

Registration and 
protocol

24c Describe and explain any amendments to information provided at registration or in the protocol. NA
Support 25 Describe sources of financial or non-financial support for the review, and the role of the funders or sponsors in the review. page 17
Competing 
interests

26 Declare any competing interests of review authors. page 17

Availability of 
data, code and 
other materials

27 Report which of the following are publicly available and where they can be found: template data collection forms; data extracted from included 
studies; data used for all analyses; analytic code; any other materials used in the review.

page 17
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