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A B S T R A C T

Objective: To conduct a network meta-analysis comparing all treatments for osteoarthritis (OA) pain in the
Cochrane Library.
Design: The Cochrane Library and Epistemonikos were searched for randomized controlled trials (RCTs) about
treatments for hip and knee OA. We constructed 17 broad categories, comprising drug treatments, exercise,
surgery, herbs, orthotics, passive treatments, regenerative medicine, diet/weight loss, combined treatments, and
controls. In addition to a full network analysis, we compared the direct/indirect effects, and studies with shorter-/
longer follow-up. CINeMA software was used for assessing confidence in network meta-analysis estimates.
Results: We included 35 systematic reviews including 445 RCTs. There were 153 treatments for OA. In total, 491
comparisons were related to knee OA, less on hip OA, and only nine on hand OA. Six treatment categories showed
clinically significant effects favoring treatment over control on pain. “Diet/weight loss” and “Surgery” had effect
sizes close to zero. The network as a whole was not coherent. Of 136 treatment comparisons, none were rated as
high confidence, six as moderate, 13 as low, and 117 as very low.
Conclusions: Direct comparison of different available treatment options for OA is desirable, however not currently
feasible in practice, due to heterogeneous study populations and lack of clear descriptions of control interventions.
We found that many treatments were effective, but since the network as a whole was not coherent and lacked high
confidence in the treatment comparisons, we could not produce a ranking of effects.
1. Introduction

Osteoarthritis (OA) is a disease affecting synovial joints. It involves
structural alterations in the articular cartilage, subchondral bone, liga-
ments, capsule, synovial membrane, and periarticular muscles [1]. In a
recent population-based cohort study, the estimated lifetime risk of
symptomatic hand OA was 47.2% in women and 24.6% in men [2]. The
corresponding lifetime risk for symptomatic knee OA is between 40 and
50% [3], and one in four people may develop symptomatic hip OA in his
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or her lifetime [4]. OA is a leading cause of disability in elders, and a
source of high societal cost [1,5]. The medical cost of osteoarthritis in
various high-income countries is estimated to account for 1% to 2⋅5% of
the gross domestic product of these countries [6], with hip and knee joint
replacements representing the major proportion of these health-care
costs [1].

There is currently no cure for OA. According to guidelines from the
American College of Rheumatology (ACR) [7] and the Osteoarthritis
Research Society International (OARSI) [8], the core treatments for knee
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OA are patient education and self-management, land-based exercise
(strengthening/cardio/balance/neuromuscular or mind-body), and di-
etary weight management for people with overweight or obesity. In
addition, aquatic exercise, gait aids, topical and oral nonsteroidal
anti-inflammatory drugs (NSAIDs), intraarticular steroid injections and
tibiofemoral bracing for tibiofemoral are recommended for knee OA. The
OARSI guideline strongly recommends topical NSAIDS, but conditionally
recommends intraarticular injections, oral NSAIDs, proton pump in-
hibitors, and COX-2 inhibitors. For hip OA, the two guidelines recom-
mend patient education, self-management, and land-based exercises as
core interventions. Both guidelines recommend oral NSAIDs and
mind-body exercises, whereas the ACR guidelines also strongly recom-
mend gait aids, intraarticular glucocorticoid injections, and weight loss.
For hand OA, the ACR and EULAR (European Alliance of Associations for
Rheumatology) treatment recommendations state patient education,
hand exercises, and orthoses as core interventions [7,9].

It can generally be stated that the guidelines are not consistent with
regard to the recommended pharmacological and non-pharmacological
interventions.

Thus, it is difficult for patients and clinicians to find the best treat-
ment. In addition, most intervention studies only investigate one treat-
ment. This can only answer questions like “does treatment X work better
than placebo?” or “does treatment X work better than treatment Y?”
Patients, on the other hand, want to know “which treatment works best
for me?“.

Epistemonikos (epistemonikos.org) is the largest source of systematic
reviews (SRs) relevant for health-decision making. In December 2021 it
contained 332 SRs about interventions for OA. Concurrently, there were
9013 randomized controlled trials on treatment for OA in PubMed.
Network meta-analysis is a relatively new statistical method for pro-
ducing summary estimates of treatment effects across clinical trials [10].
Moreover, they offer some additional benefits: (1) indirect comparisons
of treatments that have never been directly compared, (2) ranking of
treatments according to effect estimates, and (3) drawing statistical
strength from indirect comparisons by combining direct and indirect
estimates of effect [10]. Earlier network meta-analyses were limited to
pharmacological interventions [11,12], acupuncture and other physical
treatments [13], non-steroidal anti-inflammatory drugs (NSAIDs) [14],
glucosamine, diacerein, and NSAIDs [15,16], NSAIDs and opioids [17],
or exercise [18]. Hence, there is a need for a network meta-analysis that
includes all kinds of treatments for OA.

Cochrane reviews represent the gold standard for SRs of the effects of
medical interventions. The aims of the present article were i) to conduct a
network meta-analysis of the effects on pain of all treatments for OA
published on the Cochrane Library, ii) to explore in more detail the ef-
fects of the core treatments for OA on pain, iii) to summarize the amount
of randomized, controlled evidence on each treatment, iv) to identify
research gaps, and v) to study whether it is feasible to conduct a network
meta-analysis including all treatments for OA pain. We did not have a
specific hypothesis, and the present study is to be regarded as hypothesis-
generating.

2. Methods and materials

The present SR and frequentist network meta-analysis of in-
terventions for OA was pre-registered in the PROSPERO database
(CRD42019114700). We followed the PRISMA extension statement for
reporting of incorporating network meta-analyses of health care in-
terventions: checklist and explanations as far as possible [19]. Cases in
which we deviated from this statement were listed separately (Supple-
mentary material). This is an overview of overviews, and we have fol-
lowed the Cochrane Handbook for Systematic Reviews of Interventions
(Chapter V) [20].

Data were collected from SRs (Cochrane reviews and supplemented
by English language reviews in the Epistemonikos database), and effect
data and risk of bias assessments for each primary study from the SRs
2

were extracted. We assumed that Cochrane reviews had high methodo-
logical quality. Two authors independently assessed the quality of the
remaining reviews from Epistemonikos with the AMSTAR (A MeaSure-
ment Tool to Assess systematic Reviews) tool [21].

The extraction of study data from reviews may result in selection bias
because our inclusion criteria would not necessarily equal the inclusion
criteria in the systematic reviews. Nonetheless, it was assumed that both
we and all the review authors had the following PICO (Population-
Intervention-Comparison-Outcome):

Population: Patients with knee, hip or hand OA.
Intervention: Interventions for OA included in the Cochrane Library.
Comparison: placebo, no intervention, other intervention or standard

treatment.
Outcome: pain If there were more than one measure of pain, we

followed the hierarchy described in Fransen et al. [22]. In the
pre-registered protocol, we planned to also include physical function,
fatigue, patient global assessment of disease activity, quality of life, and
adverse events as outcomes, but we started with pain. This was because
pain was the most frequently reported outcome in the included system-
atic reviews, and most relevant from the patient perspective. In addition,
space limitations did not allow for more than one outcome in this paper.

Inclusion criteria for SRs: Cochrane intervention reviews published
2013 (Issue 1)-2022 (Issue 22) based on randomized controlled trials of
any intervention for osteoarthritis with pain as outcome. For older
Cochrane reviews, we searched the Epistemonikos database for SRs on
the same interventions published 2013–2021 (December 8). We only
conducted searches in databases and did not contact authors.

Two reviewers independently searched the Cochrane Library and
Epistemonikos for systematic reviews. We used the following search
strategy for Cochrane reviews in December 2018: Restricting to title,
abstract or keyword we entered the term ‘osteoarthritis”. Cochrane
intervention reviews published during the latest 5 years (2013–2018,
inclusive) were considered for inclusion. In Epistemonikos, we entered
“osteoarthritis” in title or abstract with filter for publication year “last
five years”, publication type “systematic review” and systematic review
question “interventions”. In addition, we entered the names of those
interventions that were registered in the Cochrane Library but not
updated 2013 or later. We did a separate search for each intervention.
The searches were updated until Issue 2 on February 12, 2022
(Cochrane) and February 4, 2022 (Epistemonikos). S6 Appendix lists the
interventions in the Cochrane Library that were not updated after 2012
and the number of hits in Epistemonikos for the same interventions after
2012.

Because we expected to find a large number of treatment compari-
sons, we planned to construct categories of treatments. For pharmaco-
logical interventions we used the categorization reported by Gregori et a
[11] and consulted a pharmacist at Diakonhjemmet Hospital for support
on the categorization of pharmacological interventions and herbs. For the
remaining interventions, we constructed categories after group discus-
sions among all authors.

We report standardized mean differences as effect measure. If the
reviews reported this, we used the numbers as reported. If mean differ-
ences were reported, we used the Campbell Effect Size Calculator (https
://www.campbellcollaboration.org/research-resources/effect-size-calc
ulator.html) or the calculator in RevMan to compute standardized mean
differences with 95% confidence intervals. When risk ratios were re-
ported [23] we used the reported numbers in each group to compute
odds ratios using a calculator on the web (https://www.socscistatisti
cs.com/biostatistics/default2.aspx) and converted them to SMDs (Stan-
dardized Mean Differences) using the following R code:

logOR < - log (odds ratio).
d_logOR < - logOR * (sqrt(3)/pi).
d_logOR.
We extracted the risk of bias assessments for the included studies that

were reported in the Cochrane and Epistemonikos reviews. If a review
did not report risk of bias, we acquired the full texts of the primary
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studies and performed risk of bias assessments ourselves, using the
original Cochrane risk of bias (RoB) domain set (random sequence gen-
eration, allocation concealment, blinding of patients and personnel,
blinding of outcome assessment, incomplete outcome data, selective
reporting, other bias). It was not seen as expedient to use the new risk of
bias tool – RoB 224 as a large number of the included systematic reviews
were conducted before this tool was published. If the risk of bias as-
sessments were different (i.e. the review authors had added, collapsed,
divided or excluded risk of bias domains), we tried to translate the risk of
bias assessments to the standard set. If, e.g. “other bias”was not listed, we
coded this as unclear. CINeMA (Confidence In the results of Network
meta-analysis, see below) requires that within-study bias is coded in
three categories (no concerns, some concerns, major concerns). In order
to do the transformation from the seven risk of bias domains to the three
required by CINeMA, we employed an algorithm adapted from
Schwingshackl et al. [25]. Studies were classified as being at low risk of
bias (if at least three domains were rated as low risk; and maximum one
domain rated with a high risk of bias), high risk of bias (if at least two
domains were rated as high risk), and moderate/unclear risk (all other
studies).

2.1. Grading of confidence in the results

We employed CINeMA for grading the confidence in the results.
CINeMA requires that researchers consider six domains: (a) within-study
bias, (b) reporting bias, (c) indirectness, (d) imprecision, (e) heteroge-
neity, and (f) incoherence. The result is a report with confidence gradings
for each treatment comparison in the network. The software is semi-
automated and contains algorithms that produce assessments for each
of the six domains. Within-study bias is e.g., computed as a weighted
average of the three risk of bias categories. Imprecision, heterogeneity,
and incoherence are assessed after the user has entered a minimal clin-
ically important difference (MCID). Risk of bias due to imprecision,
heterogeneity and incoherence is assessed considering the MCID and the
95% confidence intervals and prediction intervals as shown in Fig. 4 in
Papakonstantinou et al. [26]. We used an MCID of 0.469 for our pain
outcome. Angst et al. [27] reported this number as the SMD-equivalent
MCID for improvement on a 0–100-point pain scale. We also inter-
preted effect sizes according to Cohen's categories for small, medium and
large effect sizes [28].

2.2. Statistical analysis

Statistical analyses were performed in R. The frequentist network
meta-analysis was performed using the package “netmeta” [29]. CINeMA
also depends on netmeta. For studies with more than one comparison, we
used all comparisons in each study. For studies with the same comparison
at different follow-up times, all follow-ups were used. Because different
follow-up estimates are not independent, we performed the following
sensitivity analyses: (1) combined estimate across follow-up times for
each comparison, (2), one randomly chosen follow-up time for studies
with more than one follow-up, (3) shortest follow-up for each compari-
son, and (4) longest follow-up for each comparison (S4 Appendix). All
sensitivity analyses produced similar results, and we present only the
analyses that included all follow-up times. The results were presented
using network graphs and forest plots. We performed sub-analyses that
contrasted studies with less than 12 weeks follow-up (the median) with
studies with more than 12 weeks follow-up. We compared the full
network meta-analysis with analyses restricted to direct effects or indi-
rect effects, respectively. The direct effect associated with a treatment
was estimated using only those studies directly comparing that treatment
with a control group. Here random-effects meta-analysis was used to
combine the individual estimates. The indirect effect summarized the
indirect evidence associated with the treatment vs. control comparison.
This effect was estimated using network meta-analysis after removing all
estimates directly comparing the treatment to a control group.
3

3. Results

3.1. Review selection

There were 85 systematic reviews on the Cochrane library in
December 2018 with “osteoarthritis” in title, abstract or keywords. Forty-
one were published during 2013–2018 and considered eligible for this
network meta-analysis, whereas 44 were published in 2012 or earlier.
After reading the full texts we included 22 Cochrane reviews [22,23,
30–49]. An additional Cochrane review by Leopoldino et al. [50] fulfilled
our inclusion criteria but did not add any further studies. A review by
Moskal et al. [51] also fulfilled our inclusion criteria, but none of the
interventions (Navigated versus conventional total knee arthroplasty)
had been compared to any other intervention in the network. There were
48 systematic reviews in Epistemonikos published 2013 or later that had
studied one of the 14 combinations of interventions and OA site that were
included in outdated Cochrane reviews. After reading the full texts we
included 13 reviews from Epistemonikos [15,52–63]. In total, we
included 35 systematic reviews in our network meta-analysis (Table 1).
After our initial search in December 2018, we included a Cochrane re-
view by Toupin-April [48] published in Issue 5, 2019 and one by Palmer
[44], published in Issue 7, 2019.

Fig. 1 is a flow chart of the inclusion process.

3.1.1. Quality of the included systematic reviews
We assessed 13 reviews from Epistemonikos with the AMSTAR tool

[21]. The number of fulfilled AMSTAR criteria for each review ranged
from 4 to 10 on the 0–11 scale with mean of 6.5 and median of 6. The
most common methodological problems were item no. 1: “Was an ‘a
priori’ design provided?“, item no. 5: “Was a list of studies (included and
excluded) provided?“, and item no. 11: “Was the conflict of interest
included?” (Tables 1 and S7 Appendix).

3.1.2. Risk of bias assessment
The risk of bias assessments was reported according to the standard

domains in the Cochrane Handbook in eight of the reviews. It was only
possible to extract risk of bias at the study level (not at the outcome
level). S7 Appendix lists the deviations from the standard that we found
in the included reviews. Because some of the reviews had more than one
deviation, the numbers add up to more than 35. S7 Appendix also shows
the risk of bias assessments for all the 626 treatment comparisons.

Fig. 2 shows the within-study bias for all treatment comparisons. Of
the 557 treatment comparisons included in the network, 293 were clas-
sified as low risk of bias, 111 as moderate risk, and 153 as high risk.

3.2. Confidence in the network estimates

S2 Appendix shows that none of the 136 comparisons were rated as
“high confidence”. Among the mixed evidence, six comparisons were
rated as moderate. Thirteen were rated as low confidence. The rest (n ¼
117) were rated as very low confidence. Among the indirect compari-
sons, all were rated as very low confidence. The network as a whole was
not coherent with the Chi-squared statistic being 73.109 with 19� of
freedom and p-value 0.000.

3.3. The broader categories of interventions

Table 2 shows the broad categories used for our main analyses. For
each category, we list the specific interventions in that category as they
were named in the SRs. Whenever the primary study reported specific
doses, we report them in Table 2.

3.4. Description of the network

Fig. 3 represents the network graph. The line width represents
number of studies comprising the respective comparisons. The line color



Table 1
Included reviews.

Author, Year Found in Interventions OA site Outcome measures Methodological quality of non-Cochrane
reviews (AMSTAR criteria fulfilled)

Bartels, 2016 [55] Cochrane Aquatic exercise Hip þ
knee

Pain, disability, QoL

Brouwer, 2014 [20] Cochrane Osteotomy Knee Pain, function, participant
satisfaction, adverse events

Cameron, 2013 [21] Cochrane Topical herbal therapies OA Pain, function, adverse events
Cameron, 2014 [22] Cochrane Oral herbal therapies OA Pain, function, adverse events
Da Costa, 2014 [23] Cochrane Oral or transdermal opioids Hip þ

knee
Pain, function, adverse events

Derry, 2016 [13] Cochrane Topical NSAIDs OA Clinical successa, adverse events
Duivenvoorden, 2015
[24]

Cochrane Braces and orthoses Knee Pain, function, QoL, global patient
assessment, adverse events

Fidelix, 2014 [25] Cochrane Diacerin OA Pain, function, QoL, adverse events
Fransen, 2014 [27] Cochrane Exercise Hip Pain, function, QoL
Fransen, 2015 [26] Cochrane Exercise Knee Pain, function, QoL
Hall 2019 [42] Epistemonikos Diet-induced weight-loss þ

exercise
Knee Pain, function, inflammatory

biomarkers
1-4, 6–10 (9 of 11)

Health Quality Ontario,
2014 [56]

Epistemonikos Arthroscopic debribement Knee Pain, function 3, 6–8, 10 (5 of 11)

Hurley, 2018 [28] Cochrane Exercise Hip þ
knee

Pain, function

Jevsevar, 2015 [57] Epistemonikos Viscosupplementation Knee Pain, WOMAC function 3, 7–10 (5 of 11)
Jüni, 2015 [29] Cochrane Corticosteroids Knee Pain, function, QoL, adverse events
Kongtharvonskul, 2015
[45]

Epistemonikos glucosamine, Diacerin, and
NSAIDS

Knee Pain, function, adverse events 2, 3, 6, 7, 9–10 (6 of 11)

Kroon, 2014 [30] Cochrane Self-management education OA Pain, function, QoL
Li, 2013 [31] Cochrane Electromagnetic fields OA Pain, function, QoL, adverse events
Machado 2015 [46] Epistemonikos Paracetamol (acetaminophen) Hip þ

knee
2-4, 6–10 (8 of 11)

Manheimer, 2018 [32] Cochrane Acupuncture Hip Pain, function, QoL
Meheux, 2016 [47] Epistemonikos Intra-articular platelet-rich

plasma injections
Knee Pain, function, stiffness 1, 3, 6–8, 11 (6 of 11)

Newberry, 2017 [58] Epistemonikos Many different treatments Knee Pain, function, adverse events 1- 9, 11 (10 of 11)
Østerås, 2017 [33] Cochrane Exercise Hand Pain, function, QoL, adverse events
Palmer 2019 [34] Cochrane Surgical interventions Knee

OA
Pain, function, adverse events, QoL

Puljak, 2017 [35] Cochrane Celecoxib OA Pain, function, QoL, adverse events
Runhaar, 2017 [49] Epistemonikos Glucosamine Knee þ

hip
Pain, function 2-4, 6–11 (9 of 11)

Santos, 2015 [36] Cochrane Tapentadol OA Pain, adverse events
Simental-Mendía, 2018
[59]

Epistemonikos glucosamine and chondroitin Knee Pain, Total WOMAC 6, 7, 9, 10 (4 of 11)

Singh, 2015 [37] Cochrane Chondroitin OA Pain, function, WOMAC, patient
global assessment, adverse events

Smith, 2016 [60] Epistemonikos NSAIDS and opioids Knee Pain 2, 6, 7, 9–10 (5 of 11)
Sun, 2018 [61] Epistemonikos knee arthroplasty Knee WOMAC, Knee Society, Score, Range

of Motion
2, 6, 7, 9–10 (5 of 11)

Toupin-April 2019 [38] Cochrane Tramadol OA Pain, function, adverse events
Verra, 2013 [39] Cochrane Retention vs sacrifice (surgical

interventions)
Knee Pain, WOMAC, Knee Society Function

Zhang, 2016a [62] Epistemonikos Ultrasound Knee Pain, function, adverse events 2-4, 6, 7, 9 (6 of 11)
Zhang, 2016b [63] Epistemonikos Chinese herbal medicine Knee Pain, WOMAC 2, 3, 6–10 (7 of 11)

a Defined as at least a 50% reduction in pain, or an equivalent measure such as a ‘very good’ or ‘excellent’ global assessment of treatment, or ‘none’ or ‘slight’ pain on
rest or movement, measured on a categorical scale.
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represents the average RoB. The widest lines show that the most frequent
direct comparisons were exercise versus control, symptomatic slow-
acting drugs versus control, NSAIDs versus control, and passive treat-
ments versus control. The nodes and lines are color-coded according to
proportion of studies with low (green), moderate (yellow), and high (red)
RoB. The studies on corticosteroids are, e.g. all of moderate risk of bias.
Most treatments were directly compared to a control group and not with
each other.
3.5. Type of effect sizes

For 17 of the included reviews, we were able to use the effect sizes as
reported (SMDs). For another 17 of the reviews, we computed SMDs from
means and SDs, and for one systematic review (Smith 2016 60), we ob-
tained the full texts from some of the primary studies and extracted the
effects.
4

In total, we were able to extract 626 effect sizes from 445 randomized
controlled trials from the available systematic reviews. There were 153
unique treatments and combinations of treatments, and after group dis-
cussions, we agreed on the final 17 broad categories. Some of the in-
terventions did not fit in to any broad category and are listed under
“Combined treatments”. All treatments and treatment combinations with
suggested broad categories are listed in Table 2.

When applying the broader categories, we lost a few comparisons
because they involved comparing two interventions of the same broad
category (e.g. ‘celecoxib vs NSAIDs’ at the specific level became ‘NSAIDs
vs NSAIDs’ at the broad category level.)
3.6. Results of the network meta-analysis

In addition to the network meta-analysis, we conducted two sub-
analyses, one on direct effects, and one on indirect effects. The forest



Fig. 1. Flow chart.
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plot in Fig. 4 shows all three analyses. Almost all the main categories
seemed to be effective according to the network meta-analysis, but only
six of the categories had effect sizes exceeding our predefined MCID of
0.469 (corticosteroids, herbs, mind and body exercises, orthotics, passive
treatment, and regenerative medicine. The effect of regenerative medi-
cine came mainly from indirect comparisons. Exercise (131 studies)
showed consistent small to moderate effects across network/direct/in-
direct analyses (SMDs: �0.38/-0.45/-0.31). Herbs (29 studies) also
showed consistent moderate effects (SMDs: �0.57/-0.69/-0.44). The S1
& S4 & S5 Appendices show sub analyses for duration of follow-up.

3.7. Ranking of effects

Since none of the 136 comparisons were rated as “high confidence”
and the network as a whole was not coherent, we have not produced a
ranking of effects.

3.8. Follow-up duration

When the results were categorized by short and long follow-up, the
clearest differences were seen for drug treatments. Analgesic studies with
less than 12 weeks follow-up had a small effect (�0.19 (�0.36, �0.02),
but studies with more than 12 weeks follow-up had a smaller effect
�0.13 (�0.89, 0.63). This was even more pronounced for corticosteroids
for which a large short-term effect (SMD: �0.97, 95% CI: �1.46, �0.48)
5

was contrasted with a small long-term effect (SMD: �0.36, 95% CI:
�0.98, 0.26). The same was true for NSAIDs (short-term: �0.4 (�0.48,
�0.32), long-term:�0.06 (�0.23, 0.1)). Opioids, intra-articular injection
medications, and symptomatic slow-acting drugs also showed a similar
pattern with larger effects for short-term follow-up. Thus, in general,
drugs seemed to have only short-term effects on OA pain. Herbs, on the
other hand, had larger effects in the long term �0.79 (�0.99, �0.59)
than in the short term�0.41 (�0.55,�0.27). The same was true for mind
and body exercise (short-term: �0.55 (�1.05, �0.05), and long-term:
�0.78 (�1.26, �0.29)). None of the studies on surgery had a follow-up
of 12 weeks or less.

The analyses of studies focusing on knee OA only, closely mirrored
the main analyses (data not shown). Regenerative medicine had the
strongest effect, but both studies in this category were performed on knee
OA. The six studies on surgery did not show any clinically significant
effect on pain (SMD:�0.05, 95% CI:�0.36, 0.26). Most studies (n¼ 339)
were performed on patients with knee OA (Table 3) or on a combination
of knee and hip OA (n ¼ 67). Few studies examined hip (n ¼ 24) or hand
(n ¼ 6) OA, and nine studies only stated OA without specifying the site.

3.9. Summary of main findings

Table 4 is a summary of findings table for the treatment comparisons.
The SMD for each comparison is shown along with its 95% CI. For each
comparison, we graded the confidence. The comment column uses



Fig. 2. Within-study risk of bias for all treatment comparisons.

Table 2
Broad categories and included specific interventions and doses.

Broad category Specific Interventions and dosesa (n ¼ 153)

ANALGESICS 1 acetaminophen (paracetamol)
2 capsaicin

COMBINED TREATMENTS 1 diet þ exercise
2 duhuo jisheng decoction þ glucosamine
3 duhuo jisheng decoctionþ sodium hyaluronate
4 education þ exercise
5 education þ self-management
6 individual rehabilitation
7 manual therapy þ exercise therapy
8 manual therapy þ exercise therapy þ booster
9 methylprednisolone acetate þ lidocaine

hydrochloride þ horizontal therapy
10 nurse-directed intervention
11 pain coping skills training
12 pain coping skills training þ weight loss
13 self-management þ exercise
14 symptom diary
15 triamcinolone acetonide þ joint lavage
16 walking þ behavioral co-intervention
17 whole body vibration þ strength training

CONTROL 1 control
2 placebo
3 placebo/education
4 placebo shoes
5 injectable therapy (saline irrigation)

CORTICOSTEROIDS 1 corticosteroid
2 cortivazol
3 hydrocortisone
4 prednisolone acetate

DIET/WEIGHT LOSS 1 diet
2 diet/weight loss

EXERCISE 1 aquatic exercise
2 exercise
3 exercise therapy þ booster
4 land-based exercise
5 strength training
6 strength training þ agility training þ aerobic

exercise
HERBS 1arnica

2ayurvedic antarth
3 ayurvedic RA-11
4 ayurvedic shunthi-guduchi
5 ayurvedic shunthi-guduchi with guggal
6 boswellia carteri þ curcuma
7 boswellia serrata (enriched) 100mg/250 mg
8 boswellia serrata (enriched) 100 mg plus non-

volatile oil
9 boswellia serrata 999 mg

10 Chinese Duhuo Jisheng Wan (DJW)
11 Chinese bnhs (blood-nourishing hard-

softening)
12 comfrey
13 curcuma
14 derris scandens
15 Fufang Nanxing Zhitong Gao
16 harpagophytum procumbens
17 Japanese boiogito þ loxoprofen
18 marhame-mafasel
19 persea gratissma þ glycine max asu

(unsaponifiable) 300 mg/600 mg (avocado oil)
20 petiveria alliacea
21 phellodendron amurense þ citrus sinensis (np

06–1)
22 pinus pinaster (pycnogenol® 100 mg, 150 mg
23 reumalex
24 rosa canina
25 salix pupurea x daphnoides
26 Shangshi Jietong Gao
27 Ski 306x
28 ski 306x (600 mg)
29 stinging nettle
30 uncaria guianensis
31 zingiber officinale (zintona ec)

(continued on next page)
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Table 2 (continued )

Broad category Specific Interventions and dosesa (n ¼ 153)

32 zingiber officinale þ alpinia galanga (ev.
ext77)

INTRA-ARTICULAR
INJECTION MEDICATIONS

1dexamethasonephosphate þ sodium hyaluronate
2hylan gf-20
3 hyaluronic acid
4 methylprednisolone
5 methylprednisolone acetate
6 sodium hyaluronate
7 triamcinolone þ bupivacaine
8 triamcinolone acetonide
9 triamcinolone acetonide þ hyaluronan

10 triamcinolone acetonide þ procaine
11 triamcinolone acetonide þ sodium hyaluronate
12 triamcinolone hexacetonide
13 triamcinolone hexacetonide þ hylan gf-20

MIND AND BODY EXERCISE 1Hatha yoga
2Thai chi

NSAIDs 1celecoxib
2diclofenac
3 ibuprofen
4 ketoprofen
5 licofelone
6 loxoprofen
7 lumiracoxib (200 mg, 400 mg)
8 naproxen
9 nimesulide

10 NSAIDs (not specified)
11 piroxicam
12 tenidap (40 mg, 120 mg)
13 valdecoxib

OPIOIDS 1buprenorphine
2codeine
3 fentanyl
4 hydromorphone
5 morphine
6 opioids
7 oxycodone
8 oxymorphone
9 tapentadol

10 tramadol (100 mg, 200 mg, 300 mg, 400 mg)
11 tramadol contramid (100 mg, 200 mg, 300 mg)

OPIOIDS/ANALGESICS 1tramadol þ acetaminophen (paracetamol)
ORTHOTICS 1braces

2lateral wedge insoles
3 orthotics
4 subtalar strapped insole
5 variable stiffness shoe
6 wedge insoles

PASSIVE TREATMENT 1 acupressure
2 acupuncture
3 balneotherapy
4 electromagnetic fields
5 Heat
6 Horizontal therapy
7 manual therapy
8 massage
9 monochromatic infrared energy(mire)

10 mudpacks
11 neuromuscular electrical stimulation
12 passive joint mobilization
13 «physical therapy»
14 transcutaneous electrical nerve stimulation
15 ultrasound
16 whole body vibration

REGENERATIVE MEDICINE 1 autologous leukocyte-poor platelet-rich plasma
2 platelet rich plasma

SURGERY 1 arthroscopic debribement
2 arthroscopic surgery
3 closing-wedge high tibial osteotomy
4 high tibial osteotomy
5 knee joint distraction
6 posterior cruciate ligament retention
7 sacrifice
8 surgical intervention
9 total knee arthroplasty

Table 2 (continued )

Broad category Specific Interventions and dosesa (n ¼ 153)

10 unicompartmental knee arthroplasty revised to
total knee arthroplasty

SYMPTOMATIC SLOW-
ACTING DRUGS

1 chondroitin
2 chondroitin sulfate
3 chondroitin sulfate þ glucosamine

hydrochloride
4 chondroitin sulfate þ glucosamine sulfate
5 diacerein
6 glucosamine
7 glucosamine hydrochloride
8 glucosamine sulfate
9 glucosamine þ chondroitin

10 glucosamine þ chondroitin sulfate
11 symptom modifier slow acting drug

a Doses were only reported for a small number of the interventions in the
Cochrane/Epistemonikos reviews. We report these doses here.
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standard formulations from the GRADE Working Group [64]. We define
an MCID as SMD> 0.469 according to Angst et al.‘s criterium [27].
Smaller differences are labelled “slight”. We label treatment differences
of moderate confidence “probable”, and use “may” for comparisons of
low confidence. Finally, effect sizes with very low confidence are not
shown in Table 4. All effect sizes are shown in the league table in the
supplementary material (S3 Appendix).

Exercise may be slightly more effective than control and also slightly
more effective than diet/weight loss. The category ‘Combined treat-
ments’ including education, skills training and self-management was
inconclusive. Furthermore, we cannot infer about the effectiveness of
‘Orthotics’ based on the present analysis.

4. Discussion

To our best knowledge, this is the first network meta-analysis on all
treatments for OA. From the 35 included reviews, we extracted data on
626 comparisons of 153 unique interventions from 445 RCTs. Most
studies were on knee OA, but we also included studies on hip and hand
OA. It is notable that there were only 9 treatment comparisons involving
hand OA while this is the most prevalent type of OA. Six treatment cat-
egories showed clinically significant effects favoring treatment over
control on pain, while “Diet/weight loss” and “Surgery” had effect sizes
close to zero. Furthermore, drugs seemed to have only short-term effects
on OA pain, whereas herbs as well as mind and body exercise had larger
effects long term effects. The results are too a large degree in line with
recommendations of ACR, OARSI and EULAR. Nonetheless, the network
as a whole was not coherent, which reduces the confidence in all esti-
mates of effect.
4.1. Results in the light of the current guidelines for OA

Exercise was the largest category (131 comparisons). The effects were
large and consistent, both across direct/indirect estimates and follow-up
time. This is in accordance with the EULAR, ACR and OARSI guidelines
that recommend exercise as core treatments. These guidelines also
recommend self-management and educational interventions, which were
included in our category “Combined treatments” and showed small to
moderate effects on pain. Mind and body exercises (hatha yoga, tai chi)
also showed strong effects.

Weight loss is recommended in the EULAR, ACR and OARSI guide-
lines for people with knee and hip OA and overweight. However, the
meta-analyses did not show any consistent effect on pain from dietary
interventions. This may not be surprising because even if weight loss may
impact pain and function, interventions aimed at weight loss have
seldom succeeded in achieving clinically relevant reductions in body
weight.



Fig. 3. Network graph. The thickness of the lines represents how frequent the respective comparisons are.

Fig. 4. Forest plots of the network meta-analysis, direct meta-analysis, and indirect meta-analysis, all studies are included (negative numbers mean ‘favors treatment’
and positive numbers mean ‘favors control’). NSAIDS ¼ Non-steroidal anti-inflammatory drugs.

Table 3
Distribution of studies and comparisons according to OA site.

OA site Number of
studies

Number of
comparisons

Percent of total
comparisons

Hand 6 9 1.4
Hip 24 28 4.5
Hip þ
knee

67 88 14.0

Knee 339 491 78.3
OA 9 10 1.6
Total 445 626

G. Smedslund et al. Osteoarthritis and Cartilage Open 4 (2022) 100242
In light of the strong ACR recommendation against regenerative
medicine, it is interesting that these interventions (with platelet rich
plasma) showed the strongest effect. However, this category comprised
only two studies. It is also noteworthy that the category “passive treat-
ment”, which includes acupuncture and different kinds of manual
8

therapies as well as electrotherapy revealed consistent and long-term
effects. Most of these treatments are not recommended in recent guide-
lines, moreover, the ACR and OARSI guidelines recommend strongly
against electrotherapy (transcutaneous electrical nerve stimulation
(TENS)). Similarly, our results indicate strong effects of symptomatic
slow-acting drugs such as chondroitin and glucosamine, which also are
recommended strongly against by ACR and OARSI. Corticosteroids had a
clinically significant effect, but only for less than 12weeks follow-up. The
“Herbs” category comprised 32 different interventions and showed a
clinically significant effect when all studies were considered but is again
recommended against in the OARSI recommendations.

Summing up the comparison between the results of the networkmeta-
analysis and the guideline recommendations, there was consistent evi-
dence for positive effects for exercise, self-management, and educational
interventions. Our analysis shows that they are clinically relevant, and
they are also recommended by the EULAR, ACR and OARSI guidelines. At
the same time, weight loss, which is recommended by all three guidelines
did not show clinical relevance in our analysis, most likely due to the



Table 4
Summary of findings table for all treatment comparisons (n ¼ 136).

Comparison SMD (95%
CI)

Confidence Comment

High confidence: We do not have high confidence in any treatment comparison
Moderate confidence (n ¼ 6)
Analgesics vs
regenerative
medicine

0.735
(0.394,
1.077)

Moderate Analgesics is probably less
effective than regenerative
medicine.

Control vs mind body
exercise

0.641
(0.302,
0.980)

Moderate Control is probably less
effective than mind body
exercise.

Control vs
regenerative
medicine

0.909
(0.608,
1.209)

Moderate Control is probably less
effective than regenerative
medicine.

Herbs vs slow-acting
symptomatic drugs

�0.280
(�0.416,
�0.143)

Moderate Herbs is probably slightly
more effective than slow-
acting symptomatic drugs.

Intra-articular
injection
medications vs
regenerative
medicine

0.620
(0.326,
0.914)

Moderate Intra-articular injection
medications are probably
less effective than
regenerative medicine.

Mind body exercise vs
passive treatment

�0.134
(�0.475,
0.206)

Moderate There is probably little or
no difference between
mind body exercise and
passive treatment.

Low confidence (n ¼ 13)
Analgesics vs control �0.174

(�0.363,
0.016)

Low There may be little or no
difference between
analgesics and control.

Analgesics vs opioids 0.110
(�0.103,
0.324)

Low There may be little or no
difference between
analgesics and opioids.

Control vs exercise 0.378
(0.310,
0.446)

Low Control may be slightly less
effective than exercise.

Control vs herbs 0.566
(0.445,
0.688)

Low Control may be less
effective than herbs.

Control vs intra-
articular injection
medications

0.289
(0.163,
0.415)

Low Control may be slightly less
effective than Intra-
articular injection
medications.

Control vs NSAIDs 0.320
(0.239,
0.401)

Low Control may be slightly less
effective than NSAIDs.

Control vs opioids 0.284
(0.182,
0.385)

Low Control may be slightly less
effective than opioids.

Control vs opioids/
analgesics

0.239
(�0.083,
0.560)

Low There may be little or no
difference between control
and opioids/analgesics.

Control vs passive
treatment

0.507
(0.391,
0.622)

Low Control treatment may be
less effective than passive
treatment.

Diet/weight loss vs
exercise

0.377
(0.151,
0.604)

Low diet/weight loss may be
slightly less effective than
exercise.

Herbs vs NSAIDs �0.246
(�0.379,
�0.114)

Low Herbs may be slightly more
effective than NSAIDs.

Intra-articular
injection
medications vs
surgery

�0.239
(�0.548,
0.070)

Low There may be little or no
difference between intra-
articular injection
medications and surgery.

NSAIDs vs passive
treatment

0.187
(0.047,
0.327)

Low NSAIDs may be slightly less
effective than Passive
treatment.

Very low confidence (n ¼ 117)
All other treatment
comparisons

NA Very low We have very little
confidence in the effect
estimates: The true effect is
likely to be substantially
different from the estimate
of effect.
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inefficiency of the interventions to achieve weight loss. Inconsistencies
were found with regard to clinically relevant effects in our analysis and
recommendations against in guidelines for: regenerative medicine (ACR),
electrotherapy (ACR and OARSI), symptomatic slow-acting drugs (ACR
and OARSI), and Herbs (OARSI). For some therapies, which were shown
to be effective and clinically relevant in the network meta-analysis such
as acupuncture, manual therapies, and mind and body exercise, there is
disagreement in the recommendations in the EULAR, OARSI and ACR
guidelines.

When developing clinical guidelines, many aspects must be taken into
account, such as clinical effectiveness (indicated by statistical effect, but
not solely), the occurrence of adverse events in relation to clinical effect,
availability, and health economics. Thus, it is not surprising that there are
some inconsistencies between the guidelines with regard to how these
aspects are evaluated and scored. Consequently, the guidelines are not
consistent in their conditional recommendations for versus against a
specific intervention. Moreover, some interventions with scientific evi-
dence are not included which reduces their availability for patients. Even
though the network meta-analysis methodology is mainly hypothesis
generating, it provides an appropriate tool to safeguard that all therapies
that are relevant for a certain disease are included and weighed against
each other. We believe that this methodology can contribute to the
development and optimization of evidence-based guidelines, which
would greatly enhance good clinical treatment choices to the benefit of
the patients.
4.2. Research gaps

Even though hand and hip OA are both highly prevalent, there are
few randomized controlled trials on patients with these conditions
compared to knee OA. Another research gap is on surgery versus placebo
or no intervention/standard care. The existing studies on surgery have
mostly compared different surgical protocols against each other.
Although there are many studies on glucosamine and chondroitin, there
is a lack of studies with low risk of bias. Future primary research warrants
RCTs with lower risk of bias (blinding of assessors, better descriptions of
interventions and control conditions and pre-registration of protocol).
There is a need for studies that compare surgery with non-surgery and for
studies of weight loss with per protocol analyses.

This review has several limitations. Firstly, we included only in-
terventions in Cochrane reviews. Therefore, we might have missed
treatments that are not found in any Cochrane review. Secondly, we did
not read reports of primary studies in full text. Almost all information
about the primary studies was extracted from the Cochrane reviews or
from SRs in Epistemonikos. Because of this, we lack information about
whether the “control” groups received no intervention, treatment as
usual, or placebo. Thirdly, we did not look at effect modifiers such as
severity of OA. Fourthly, a main assumption in network meta-analysis is
that every patient should in principle be available for randomization to
any of the interventions. Although this might be true, in practice there
might be different groups of patients that were recruited to e.g. surgical
interventions compared to e.g. the studies of treatment with herbs. If this
is the case, then there is a risk of heterogeneity in the network meta-
analysis with direct and indirect effects being unequal. Lastly, the cate-
gories and the treatments comprising them are open for debate. Espe-
cially, the category “Combined treatments” is heterogeneous, and the
results of this category are difficult to interpret.

In conclusion, this is the first network meta-analysis to incorporate all
treatments for OA pain. We have very low confidence in the ranking of
effect estimates among the different treatment categories of this broad
overview. Much of the reason for this low confidence is that the risk of
bias in the primary studies is generally high and that the method of
overviews of overviews tends to miss many details of these primary
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studies. We are, however, confident that we have included the best evi-
dence provided by RCTs on the effect of treatments for OA in the
Cochrane Library and Epistemonikos.
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