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E
very once in a while, we savor the opportunity to marvel at the 
exhilarating feeling of overcoming challenges. This impact is 
what our profession lives for—it is the enduring core of physical 
therapy—the moment a patient takes those first independent 

steps, regains confidence, and returns to the field. But it is not just at 
the patient-care level where huge challenges must be overcome.

Nineteen years ago, the Journal of 
Orthopaedic and Sports Physical Ther-
apy (JOSPT) was struggling as a low-
visibility endeavor managed by a large 
publishing corporation. Forward-looking 
representatives of the Orthopaedic and 
Sports Academies (then known as “sec-
tions”) decided to shift management, 
publishing JOSPT in-house as a non-
profit 501.C3 venture. The challenge 
was to maintain a fiscally sound journal 
in the rapidly changing environment of 
medical publishing without benefiting 
from the endless resources of a large cor-
porate publisher, ie, how to develop and 
maintain the “economy of small.”

Faced with the challenges of minimal 
infrastructure, small revenue streams, and 
low impact factor, Ms Edith Holmes joined 
the JOSPT family as the journal’s Execu-
tive Director/Publisher. Her always wel-
coming demeanor and tireless, unselfish, 
and visionary work have guided JOSPT to 
become one of the world’s leading mus-
culoskeletal rehabilitation journals. After 

19 years at the helm, we are privileged to 
honor Ms Holmes upon her retirement as 
Executive Director/Publisher.

Ms Holmes set the standard by inte-
grating and communicating effectively 
with a diverse group of stakeholders. 
These stakeholders often had divergent 
opinions about the process of publishing, 
editorial review, management, and the 
overall product provided by the journal. In 
uniting this group to create and continu-
ously deliver usable material of high value 
to JOSPT readers, Ms Holmes blended 
content excellence with publishing excel-
lence. Her management strategy was to 
provide stable governance and exception-
al customer service, to nurture and men-
tor a highly skilled publishing team, and 
to communicate continuously with the 
Board of Directors and the editorial team.

Now in its 43rd year, JOSPT is one of 
the go-to journals for clinicians and re-
searchers in musculoskeletal rehabilitation 
(including orthopaedic and sports physical 
therapy). Its impact factor is continuously 

among the highest in the rehabilitation 
field. More than 80 000 unique users visit 
the JOSPT website every month. The jour-
nal receives more than 1000 submissions 
each year, and with 36 international part-
ners, the publications in JOSPT are dis-
seminated to a global audience. In addition 
to publishing high-quality manuscripts, 
JOSPT also provides numerous ancillary 
services, including opportunities to Read 
for Credit, and clinical information specifi-
cally developed for patients.

In 1979, JOSPT’s founding editors 
James Gould and George Davies chal-
lenged orthopaedics and sports physical 
therapy to create a peer-reviewed re-
search journal that would be an industry 
leader. Under Edith Holmes’ leadership, 
that challenge has been met.

On behalf of the JOSPT Board of Direc-
tors, publishing staff, and editorial team, 
we thank our dear friend and colleague, Ms 
Edith Holmes, for her superb work, inspi-
ration, and commitment to JOSPT. She has 
given us all a moment to savor the exhila-
rating impact of overcoming challenges.

“Be great in act, as you have 
been in thought.” 

~ William Shakespeare

DATA SHARING: There are no data in this 
paper.
AUTHOR CONTRIBUTIONS: Both authors con-
tributed equally to writing and revising 
the work.
PATIENT AND PUBLIC INVOLVEMENT: No pa-
tients or public partners were involved 
in the work.
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	U OBJECTIVE: To examine the effectiveness of 
implementing interventions to improve guide-
line-recommended imaging referrals in low back 
pain.

	U DESIGN: Systematic review with meta-analysis.

	U LITERATURE SEARCH: We searched MEDLINE, 
EMBASE, the Cumulative Index to Nursing and Allied 
Health Literature, Web of Science Core Collection, 
and the Cochrane Central Register of Controlled 
Trials from inception to June 14, 2021, as well as 
Google Scholar and reference lists of relevant sys-
tematic reviews published in the last 10 years. We 
conducted forward and backward citation tracking. 

	U STUDY SELECTION CRITERIA: Randomized 
controlled or clinical trials in adults with low back 
pain to improve imaging referrals.

	U DATA SYNTHESIS: Bias was assessed using 
the Cochrane Risk of Bias 2 tool. Data were synthe-
sized using narrative synthesis and random-effects 
meta-analysis (Hartung-Knapp-Sidik-Jonkman 
method). We assessed the certainty of evidence 
using the Grading of Recommendations Assess-
ment, Development and Evaluation approach.

	U RESULTS: Of the 2719 identified records, 
8 trials were included, with 6 studies eligible for 

meta-analysis (participants: N = 170 460). All 
trials incorporated clinician education; 4 included 
audit and/or feedback components. Comparators 
were no-intervention control and passive dissem-
ination of guidelines. Five trials were rated as low 
risk of bias, and 2 trials were rated as having some 
concerns. There was low-certainty evidence that 
implementing interventions to improve guide-
line-recommended imaging referrals had no effect 
(odds ratio [95% confidence interval]: 0.87 [0.72, 
1.05]; I² = 0%; studies: n = 6). The main finding 
was robust to sensitivity analyses. 

	U CONCLUSION: We found low-certainty 
evidence that interventions to reduce imaging 
referrals or use in low back pain had no effect. 
Education interventions are unlikely to be effec-
tive. Organizational- and policy-level interventions 
are more likely to be effective. J Orthop Sports 
Phys Ther 2022;52(4):175-191. Epub 05 Feb 2022. 
doi:10.2519/jospt.2022.10731

	U KEY WORDS: back pain, chronic pain, controlled 
before-after studies, CT scan, diagnostic imaging, 
implementation science, interrupted time series 
analysis, low back pain, magnetic resonance, me-
ta-analysis, radicular pain, radiography, randomized 
controlled trial, sciatica, systematic review, x-ray

A
dhering to clinical guidelines reduces health care costs and 
may improve outcomes for people with low back pain (LBP). 
Unnecessary imaging20 can increase the cost of health care, 
impair patient outcomes, and expose patients to unnecessary 

radiation.6 Studies have examined the impact of the elements of 

guideline-adherent care on costs17,35 and 
patient outcomes5,7; a reduction in costs 
can be expected.

Evidence-based clinical guidelines 
consistently recommend against routine 
imaging for nonspecific LBP.45 The ma-
jority (58%) of primary care guidelines 
support imaging when serious pathology 
is suspected; 42% endorse imaging if re-
sults are likely to change or direct treat-
ment decisions.45 Primary care guidelines 
from Canada and Finland also recom-
mend imaging if LBP persists beyond 4 
to 6 weeks.45 Recommendations for im-
aging radicular LBP are less established. 
Imaging is recommended in cases of se-
vere neurological compromise and when 
pain associated with radicular symptoms 
or spinal stenosis without severe neuro-
logical compromise persists following 
1 month of conservative treatment.11 Col-
lectively, guidelines for nonspecific and 
radicular LBP tend to recommend that 
clinicians avoid imaging. 

Adherence to clinical guidelines in 
primary care and the emergency depart-
ment is variable. One systematic review39 
of radiation-emitting imaging (ie, x-rays, 
CT scans) for LBP estimated that 57% of 
x-rays and 46% of CT scans in primary 
care and the emergency department were 

Reducing Low-Value Imaging for Low 
Back Pain: Systematic Review  

With Meta-analysis
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inappropriately ordered (with low-to-
very low certainty evidence). A system-
atic review16 of studies published since 
2010 showed that 1 in 4 people with LBP 
were referred for imaging in primary care 
and that 1 in 3 people with LBP were re-
ferred for imaging in emergency depart-
ments (with moderate-to-high certainty 
evidence). Another recent systematic re-
view31 of imaging in patients referred for 
LBP estimated that 32% (with moder-
ate certainty evidence) of imaging was 
inappropriate. Overall, the data suggest 
strong potential for cost savings and re-
ducing harm if clinical practice adheres 
to guidelines regarding imaging.

We aimed to build on a previous sys-
tematic review32 (published in 2015; 
search was conducted in June 2014) to re-
view approaches to implementing guide-
lines for imaging or imaging referrals in 
primary care and emergency department 
settings. We focused on randomized con-
trolled or clinical trials (RCTs), as these 
represent the highest level of evidence. As 
a secondary goal, to further inform future 
work, we also collated information from 
prospective, nonrandomized interven-
tional studies relevant to the review area.

METHODS

T
his review was completed in ac-
cordance with the Preferred Report-
ing Items for Systematic Reviews 

and Meta-Analyses guidelines.38 The re-
view was registered prospectively in the 
PROSPERO (International Prospective 
Register of Systematic Reviews) database 
(registration number CRD42020215141). 

Information Sources and Search Strategy
Five databases (MEDLINE [no lim-
its], EMBASE [excluding MEDLINE], 
the Cumulative Index to Nursing and 
Allied Health Literature [excluding 
MEDLINE], Web of Science Core Col-
lection [excluding MEDLINE], and the 
Cochrane Central Register of Controlled 
Trials [excluding MEDLINE, EMBASE, 
and trial registrations]) were electron-
ically searched for research published 

from database inception to June 22, 
2020. We updated the search on June 14, 
2021. The search terms and strategy can 
be found in SUPPLEMENTAL TABLE 1. To lo-
cate additional relevant records, we also 
searched Google Scholar and included 
the reference lists of relevant systematic 
reviews (identified via the Cochrane Da-
tabase of Systematic Reviews and Google 
Scholar) published in the last 10 years. 
The reference lists of included studies 
were checked for potentially relevant 
articles. In addition, forward citation 
tracking of included studies was per-
formed by adding articles that cited the 
included studies in Web of Science to 
screening. Furthermore, reference lists 
(double-screened) of studies excluded 
solely on the basis of study design (eg, in-
terrupted time series analyses, controlled 
before-after studies) were also assessed 
(backward citation tracking only) for po-
tentially relevant articles.

Study Selection
All results of the search were screened to 
exclude duplicates. Independent screen-
ing of the titles and abstracts of the 
remaining studies considering predeter-
mined eligibility criteria was completed 
by 2 independent reviewers (C.S. and 
T.M.). The full-text reports of articles that 
seemed eligible after this first screening 
were screened again. Any disagreements 
were adjudicated by S.D.T. and discussed 
with the project team as necessary.

Eligibility Criteria
Inclusion criteria followed the partic-
ipants, interventions, comparators, 
outcomes and study design (PICOS) 
framework.38 The participants (P) were 
adults (≥18 years of age) with LBP. LBP 
was defined as back pain with or with-
out leg pain where there were no specific 
spinal pathologies (ie, vertebral fracture, 
malignancy, spinal infection, axial spon-
dyloarthritis, cauda equina syndrome).4 
Spondylolisthesis, spondylosis, disc 
herniation, disc degeneration, scoliosis, 
deformity (eg, hemivertebrae), and ra-
dicular syndromes (eg, radicular pain 

[leg pain or sciatica], radiculopathy, spi-
nal stenosis) were included.4 Failed back 
surgery syndrome was included, as this is 
not a specific disease.12 If a study classed 
the population as otherwise unspecified 
“back pain,” our predetermined criteria 
included this population. No limitation 
was placed on interventions (I), and these 
were classified according to procedures42 
used by the Cochrane Effective Practice 
and Organisation of Care (EPOC) group 
into professional, financial, organization-
al, patient-oriented, structural, or regu-
latory interventions. Comparators (C) 
that were considered were, per Cochrane 
EPOC procedures,42 no-intervention 
control group, standard practice control 
group, and/or untargeted activity. Imag-
ing referrals or use was included as out-
comes (O). In regard to the study design 
(S), only full-text reports of analytical 
studies published in English were consid-
ered for inclusion. Studies published in a 
peer-reviewed journal (ie, gray literature 
excluded) with a parallel arm (individu-
ally designed or cluster-designed) RCT 
design were eligible. Studies that were 
prospective interventional trials but not 
randomized (eg, controlled before-after 
or interrupted time series designs) and 
excluded solely on the basis of not being 
an RCT were not included in the main 
analysis but were kept for extraction to 
address a secondary goal. No restrictions 
were placed on the date of publication.

Data Collection and Data Items
Trial data extraction was completed by 
2 independent assessors (C.S. and T.M.). 
Extracted information included relevant 
publication information (ie, author, ti-
tle, year, journal), study design, study 
funding, conflicts of interest, number of 
participants, participant characteristics 
(eg, age and sex), intervention details 
(eg, duration, type, frequency), cluster 
details for cluster-randomized trials (eg, 
number of clusters), and outcome mea-
sures. We also extracted data on partic-
ipants’ pain intensity and disability as 
well as any adverse events from included 
trials, where available. Extracted data 
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were the number or percentage of imag-
ing use or referrals and the total number 
of participants or appointment sessions. 
Data from all available time points were 
extracted. When data were presented in 
figures only, rather than numerical data 
within text, data were extracted by gener-
ating a screenshot, loading this in ImageJ 
(Version 1.48v; https://imagej.nih.gov/
ij/) to measure the length (in pixels) of 
the axes to calibrate and then the length 
(in pixels) of the data points of interest.57

In all instances where the data re-
quired for meta-analysis were not 
available, the authors were contacted a 
minimum of 3 times over a 4-week peri-
od to request the information. Similarity 
between extracted data from the 2 inde-
pendent assessors was evaluated through 
custom spreadsheets set up in Microsoft 
Excel. Any discrepancies were discussed 
by the assessors, with disagreements ad-
judicated by S.D.T. Interventions were 
classified per their components as clini-
cian education and/or workshops (“ed”); 
passive dissemination (“diss”); audit and/
or feedback approaches (“au.fe”); re-
minders (“re”); administrative, electronic 
medical records system, policy, or organi-
zational changes (“org”); and/or patient 
education (“pat.ed”). For prospective, 
nonrandomized interventional designs, 1 
of the 2 assessors (C.S. or T.M.) extracted 
the data, the lead author (D.L.B.) cross-
checked this information, and S.D.T. ad-
judicated in case of conflicts.

Risk of Bias in Individual Studies
The Cochrane Collaboration Risk of Bias 
2 tool51 was used to examine potential 
bias from the randomization process, 
deviations from intended interventions, 
missing outcome data, measurement of 
the outcome, and the selection of the re-
ported results for individually random-
ized and cluster-randomized trials. Each 
domain was assessed as risk of bias and 
labeled as “low risk,” “some concerns,” or 
“high risk.” For each source of bias, tri-
als were then classified as low risk, some 
concerns, or high risk, as per the overall 
algorithm. The 2 assessors evaluated this 

independently, and any disagreements 
for the risk of bias were adjudicated by 
S.D.T. Nonrandomized interventional 
studies were not assessed for risk of bias.

Synthesis of Results
The evidence synthesis for this review 
was conducted in accordance with the 
Grading of Recommendations Assess-
ment, Development and Evaluation 
(GRADE) guidelines.23

Statistical Analysis
For the statistical analysis of included 
randomized studies, we created 2 cate-
gories of comparators: (1) multifaceted 
intervention and (2) no-intervention 
control group and standard practice con-
trol group according to the EPOC guide-
lines.42 Our primary outcome measure 
was imaging referrals or use. As effect 
size, we used the odds ratio (OR), as it has 
favorable statistical properties compared 
to the risk ratio.15 For an easier interpre-
tation of the OR, we transformed it into 
a risk difference, with corresponding 95% 
confidence intervals (CIs). For this trans-
formation, we used an assumed compara-
tor risk based on a systematic review and 
meta-analysis16 of 24.8% (95% CI, 19.3% 
to 31.1%).

Cluster RCTs were handled by calcu-
lating a design effect to correct for clus-
tering of the trials. The design effect is 
approximately 1 + (M − 1) × ICC, where 
M is the average cluster size and ICC is 
the intracluster (or intraclass) correla-
tion coefficient.26 The sample size and 
the number of events were divided by 
the design effect to adjust sample sizes 
and the number of events for the corre-
sponding trial26 and to avoid overesti-
mating the precision of the estimate. We 
used either published ICCs36 or the most 
conservative value from the available 
ICCs to inform a choice for other stud-
ies without available ICCs. We also per-
formed a sensitivity analysis with a range 
of different ICCs to check the robustness 
of the results.26

A random-effects meta-analysis was 
used for dichotomous outcomes with a 

Paule-Mandel estimator for the between-
study variance T 2; an SSW (or the sum 
of squares within groups) estimator for 
the overall effect, with weights that de-
pended only on the studies’ effective 
sample sizes; and a 95% CI for the overall 
effect based on the Hartung-Knapp-Sidik-
Jonkman method. We used this method 
because it outperforms the standard 
random-effects method and other meth-
ods.1 Measures of heterogeneity were 
Cochran’s Q and the resulting chi-square 
statistic and I2. To assess the amount of 
heterogeneity, 95% prediction intervals 
were used if there were at least 10 trials 
in the meta-analysis.8 Publication bias 
was assessed via funnel plots, Egger’s test, 
and trim-and-fill methods if at least 10 
trials were included in the meta-analysis.41 
We performed a sensitivity analysis via 
outlier identification and influence anal-
ysis.56 All calculations and graphics were 
performed with software R46 and exten-
sion packages Meta3 and dmetar.25

RESULTS

A 
summary of the systematic re-
view process is shown in SUPPLE-

MENTAL FIGURE 1. There were 2719 
records (after the removal of 1859 
duplicates) included in the initial ti-
tle and abstract screening. Following 
the title and abstract screening, there 
were 101 studies included in the full-
text screening. The examination of full 
texts resulted in 93 studies being ex-
cluded (SUPPLEMENTAL TABLE 2) and 8 tri-
als10,13,14,17,18,22,35,49 being included (TABLES 1 
and 2). Of these, 6 trials10,13,14,18,22,49 were 
eligible for meta-analysis (participants: 
N = 170 460), but 2 trials17,35 could not be 
included in quantitative synthesis, as we 
were unable to extract or acquire data 
required for quantitative synthesis (ie, 
the total number or percentage of imag-
ing referrals or use relative to the total 
number of patients or appointments).

Study Characteristics
Population  The sample sizes included 
in the intervention phases of the trials 
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ranged from 2046 to 152 942. The num-
ber of patients included in 2 trials17,35 was 
unclear. Cluster sizes ranged from 4 to 
244. The number of clusters in 1 trial49 
was unclear. Attempts to contact au-
thors to obtain this information were not 
successful. Three trials14,22,49 examined 
patients with acute LBP; 2 trials10,13 ex-
amined patients of mixed pain duration, 
and the majority of patients had less than 
3 months of pain. In 3 trials,17,18,35 the du-
ration of pain was unclear.
Intervention  All trials10,13,14,17,18,22,49 in-
corporated education and/or workshop 
component interventions for clinicians, 
with 5 trials13,17,18,35,49 incorporating audit 
and/or feedback components and 1 trial17 
including additional reminders for clini-
cians. One trial49 also included education-
al materials for patients. Another trial13 
implemented fast-track referral systems 
and non-opioid pain management.
Comparator  Five trials10,13,14,35(p200),49 used 
a no-intervention control for clinicians, 
and 3 trials17,18,22 used passive dissemi-
nation of guidelines via posts or e-mails. 
One trial49 implemented patient educa-
tion materials in a control group.
Outcome  Seven trials10,13,14,17,18,22,49 re-
ported data as some form of proportion 
or percentage of imaging referrals or use. 
One trial35 presented data as percent-
age change in imaging referrals. Three 
trials17,35,49 reported an impact of the in-
tervention on imaging rates but did not 
report statistical significance or lack 
thereof. The remaining trials reported 
no impact of the intervention on imaging. 

All included studies were cluster 
RCTs. Seven trials10,13,17,18,22,35,49 either re-
ceived no funding or were funded by a 
public/not-for-profit organization. One 
trial14 did not report funding sources.

Risk of Bias and GRADE Assessment
Six trials10,13,14,18,22,35 were rated as low risk 
of bias, and 2 trials17,49 were rated as hav-
ing some concerns (TABLE 3). There was 
low risk of bias for randomization and 
timing of randomization in 75% and 88% 
of the trials, respectively; low risk of bias 
for deviations from interventions in 88% 

of the trials; low risk of bias for missing 
outcome data in 88% of the trials; low 
risk of bias for measurement of outcome 
in all trials; and, finally, low risk of bias 
for the selection of results in 88% of the 
trials. The certainty of evidence (using 
the GRADE framework) was rated for 
meta-analytic outcomes of imaging re-
ferrals or use as low. The main reasons 
for downgrading the evidence were study 
quality (1 level) and imprecision (1 level). 
Publication bias could not be assessed 
because there were fewer than 10 trials.41

Quantitative Analysis
Six trials10,13,14,18,22,49 were included in the 
meta-analysis. For the primary analysis, 
we used a conservative ICC value of 0.02 
for all trials that had no estimate, and for 
the other trials, we used the published 
estimate. For our primary outcome mea-
sure (imaging referrals or use), we esti-
mated a nonsignificant OR of 0.87 (95% 
CI, 0.72 to 10.05; I2 = 0%; 95% CI, 0% 
to 54.7%; n = 6 trials; GRADE: low cer-
tainty) in favor of the intervention group 
(FIGURE 1). The transformation of the OR 
into a risk difference with a baseline risk 
of 24.8% gives a nonsignificant number 
fewer than 1000 = 25 with a 95% CI of 56 
to −10. For every 1000 patients with LBP, 
248 are typically referred for imaging. 
With the intervention, 223 patients (25 
patients fewer) for every 1000 would still 
be referred for imaging. This difference 
was not statistically significant.

We performed several sensitivity anal-
yses (TABLE 4). First, we checked if there 
were potential outliers or influential trials 
and what impact removing these studies 
would have on the overall summary effect 
size. We identified 1 influential trial,22 but 
removing this trial had no substantial ef-
fect. With the second sensitivity analysis, 
we removed 2 trials18,22 because they re-
ported imaging numbers and total visits 
for any clinical population (not back pain 
specific), whereas the other trials used 
number or percentage of imaging refer-
rals or use for LBP. Excluding these 2 tri-
als had a trivial impact on the effect size 
in favor of the control group (OR, 1.09; 	
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95% CI, 0.85 to 1.38; I2 = 0%; 95% CI, 
0% to 26.9%; n = 4 trials; GRADE: low 
certainty) and did not change the over-
all conclusion. Two further sensitivity 
analyses checked if different ICC values 
would change the results, and they did not 
(TABLE 4). We conclude that the results of 
our main analysis are robust.

Secondary Goal: Nonrandomized 
Interventional Studies
Nonrandomized interventional studies 
that were excluded from the main review 
solely on the basis of study design are 
presented in TABLE 5. Three studies21,52,58 
were controlled before-after designs, 
and 15 studies2,9,19,24,29,30,34,37,40,43,44,47,53-55 

were interrupted time series designs. 
Six studies9,24,47,52-54 contained compo-
nents of clinician education and/or 
workshops; 9 studies,19,21,29,34,40,47,52,53,58 
passive dissemination; 1 study,54 audit 
and/or feedback approaches; 10 stud-
ies,2,19,24,30,34,37,43,44,54,55 administrative, 
electronic medical records system, 
policy, or organizational changes; and 
2 studies,43,52 patient education. The 
median percentage change in imag-
ing associated with each type of inter-
vention is presented in SUPPLEMENTAL 

TABLE 3. Interventions that included a 
component of administrative, electron-
ic medical records system, policy, or or-
ganizational changes showed a median 

reduction in imaging of 6.6%, whereas 
interventions that did not include an 
aspect of this kind of process change 
showed a median reduction in imaging 
use of 2.5%.

Protocol Deviations From 
PROSPERO Registration
We initially planned to extract the mean 
and standard deviation of imaging use 
and pooled data through meta-analysis 
using standardized mean differences. 
However, at data extraction, we noted 
that the extraction of imaging use against 
the total number of participants/clinical 
consultations was more relevant for data 
analysis. Subsequently, we analyzed the 

	

TABLE 3
Risk of Bias for Cluster-Randomized Trials Using the Cochrane  

Risk of Bias 2 Tool

Author Year
Domain 1a

Randomization

Domain 1b
Timing of 

Randomization

Domain 2
Deviations From 

Interventions

Domain 3
Missing Outcome 

Data

Domain 4
Measurement of 

Outcome

Domain 5
Selection of 

Results Overall

Cherkin et al10 2018 Low Low Low Low Low Low Low

Coombs et al13 2021 Low Low Low Low Low Low Low

Dey et al14 2004 Low Low Low Low Low Low Low

Eccles et al17 2001 Some concerns Low Low Low Low Low Some concerns

Fenton et al18 2016 Low Low Low Low Low Low Low

French et al22 2013 Low Low Low Low Low Low Low

Kerry et al35 2000 Low Low Low Low Low Low Low

Schectman et al49 2003 Some concerns Some concerns Some concerns Some concerns Low Some concerns Some concerns

Study

Random-effects model
Heterogeneity: I2 = 0% [0%, 55%], χ5

2 = 2.80 (P = .73)
Test for overall effect: z = −1.43 (P = .15)

Cherkin et al, 2018
Coombs et al, 2021
Dey et al, 2004
Fenton et al, 2016
French et al, 2013
Schectman et al, 2003

Events

 26
 17
 59
111
146
 77

Total

12 258

  119
   71

  389
 1202
10 165
  312

Experimental
Events

 27
 40
 58
149
165
 53

Total

12 231

  151
  166
  422
 1441
 9839
  212

Control

0.5 1 2

Odds Ratio

Favors Implementation Favors Control

OR

0.87

1.28
0.99
1.12
0.88
0.85
0.98

[95% CI]

[0.72, 1.05]

[0.70, 2.34]
[0.52, 1.90]
[0.76, 1.66]
[0.68, 1.14]
[0.68, 1.07]
[0.66, 1.47]

Weight

100.0%

1.1%
0.8%
3.3%

10.7%
82.0%
2.1%

FIGURE 1. Forest plot for the meta-analysis investigating the effectiveness of implementation interventions vs control group (standard practice control group according to 
the Cochrane Effective Practice and Organisation of Care guidelines) for the primary outcome measure of imaging referrals or use. See also TABLE 1 for more details on 
the included studies. Per the Cochrane guidelines,26 the data (number of events/number of participants) of cluster-randomized trials are transformed via the design effect 
(1 + [M − 1] × ICC) prior to meta-analysis (see the Statistical Analysis section for more details). The raw outcome data from each study are in TABLE 2. Abbreviations: CI, 
confidence interval; OR, odds ratio.
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data using ORs. The numerical sum-
mary of nonrandomized interventional 
studies (SUPPLEMENTAL TABLE 3) was not 
pre-planned and added during the peer 
review process. One new cluster RCT,50 
identified via hand searching, was includ-
ed during second-round revisions with-
out updating the database search. There 
were no other protocol deviations. 

DISCUSSION

T
his review examined the effects 
of interventions on optimizing im-
aging referrals in patients with 

LBP. All included RCTs examined clini-
cian-level interventions, with some also 
providing resources to patients. Overall, 
we found low-certainty evidence that the 
interventions had no impact on imaging 
referrals or use in primary care or emer-
gency departments. Nonetheless, the in-
cluded studies provided some indications 
for more successful efforts in the future. 

Clinician education and/or workshops 
was a key component of the interven-
tions; a number of interventions includ-
ed a passive dissemination component 
(ie, providing clinicians with information 
on guidelines). Education and passive 
dissemination are, in isolation, likely in-
effective approaches. Some studies also 
incorporated audit and/or clinician feed-
back components.17,18,28,33,35,48,49 None of 
the trials implemented organizational- 
and/or medical record–type interventions 
(eg, changes to medical record procedures 
to facilitate guideline-consistent manage-
ment approaches). 

To inform discussion of potentially ef-
fective interventions, we also collated and 
extracted nonrandomized interventional 
studies. Studies including organization-
al changes (eg, changed clinical practice 
structure and patient flow, enforcing 
stricter imaging ordering requirements, 
embedding changes in electronic medi-
cal records systems to guide clinicians) or 

that were subject to changes in govern-
ment funding models appeared to show 
the largest and most consistent reduc-
tions in imaging rates (median reduction 
in imaging of 6.6% in these studies and 
of 2.5% in the remaining studies). While 
clinician and patient engagement and 
education are an important part of any 
intervention, we suggest that organiza-
tional, policy, and funding model chang-
es are more likely to drive reductions in 
unnecessary imaging.

Effective interventions (eg, organiza-
tional changes) require urgent implemen-
tation, and we have provided suggestions 
on the basis of the current evidence. On a 
practical level, cluster RCTs are likely the 
most feasible high-quality study design 
to implement, as opposed to trials where 
patients are randomized to different in-
terventions. Controlled before-after and 
interrupted time series designs are often 
easier to perform in an organizational set-
ting, but randomized designs are required 

	

TABLE 4 Sensitivity Analyses

Abbreviations: CI, confidence interval; ICC, intracluster correlation coefficient; OR, odds ratio.

Outcome
Type of

Sensitivity Analysis
Excluded Influential 

Studies

Meta-analytic Result of Main Analysis
(OR [95% CI]
I² [95% CI] 

Number of Studies)

Result of Sensitivity Analysis
(OR [95% CI]
I² [95% CI] 

Number of Studies)
Likely Impact on Meta-analytic 

Result

Imaging referrals 
or usage

Outlier and influential study 
analysis

French et al, 201322 0.87 [0.72, 1.05] 
I² = 0.0%  
[0.0%, 54.7%] 
N = 6

0.96 [0.80, 1.15] 
I² = 0.0%  
[0.0%, 55.4%] 
N = 5

No substantial impact

Imaging referrals 
or usage

French et al, 2013,22 and 
Fenton et al, 2016,18 
studies looked at 
imaging numbers against 
total visits for any clinical 
population, not just low 
back pain.

French et al, 2013,22 
and Fenton et al, 
201618

0.87 [0.72, 1.05] 
I² = 0.0%  
[0.0%, 54.7%] 
N = 6

1.09 [0.85, 1.38] 
I² = 0.0%  
[0.0%, 26.9%] 
N = 4

Trivial impact in favor of the 
control group. This does not 
change the nonstatistically 
significant result.

Imaging referrals 
or usage

ICC = 0.01 for studies not 
reporting an ICC

None 0.87 [0.72, 1.05] 
I² = 0.0%  
[0.0%, 54.7%] 
N = 6

0.88 [0.74, 1.04] 
I² = 0.0%  
[0.0%, 69.1%] 
N = 6

No substantial impact

Imaging referrals 
or usage

ICC = 0.004 for studies not 
reporting an ICC

None 0.87 [0.72, 1.05] 
I² = 0.0%  
[0.0%, 54.7%] 
N = 6

0.88 [0.74, 1.05] 
I² = 18.7%  
[0.0%, 63.4%] 
N = 6

No substantial impact
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as high-quality evidence for guiding prac-
tice in the future and informing guidelines. 
We recommend cluster RCTs of interven-
tions that include a key component of 
organizational (eg, patient flow, changes 
to imaging referral requirements, and/or 
changes to electronic medical records sys-
tems) change. 

Quality of reporting of imaging rates 
was varied. As recommended in the 
Cochrane guidelines,27 future studies 
should report the total number of tests 
or referrals relative to the total number of 
appointments for the condition studied 
to allow for appropriate meta-analysis. 
Future cluster RCTs should always27 re-
port the ICC for their study. The ICC is 
a measure of how similar patients with-
in the clusters are.36 The ICC is required 
in meta-analysis to adjust the sample 
sizes for cluster size in RCTs. This was 
not done in a prior related review,52 which 
risks overestimating26 the precision of the 
included trials and the pooled main ef-
fect. Future RCTs should consider report-
ing how their interventions align with the 
EPOC guidelines.42 One recent, poten-
tially relevant cluster RCT50 was exclud-
ed, as we judged that the intervention 
did not fall under EPOC-related patient 
interventions and that the therapist as-
pect did not clearly fall under EPOC cri-
teria (see SUPPLEMENTAL TABLE 2 for more 
details).

Limitations
Exploring the heterogeneity in the main 
data estimates (we implemented sensi-
tivity analyses to examine the potential 
role of outliers, outcome type, and as-
sumptions on ICC values) is a strength of 
our systematic review. We used more effi-
cient1 (ie, better coverage probability and 
less bias estimating the between-study 
variance τ) meta-analytic methods than 
in a prior review.26 The main limitation 
is the limited pool of RCTs. Furthermore, 
the interventions were not all the same. 
Subgroup analyses on types of interven-
tions or components of interventions 
were not possible due to the low number 
of studies.

CONCLUSION

W
e found low-certainty evi-
dence that interventions to reduce 
imaging referrals or use in LBP 

had no effect. Education interventions 
are unlikely to be effective, and based on 
additional review of prospective, nonran-
domized interventional studies, organiza-
tional- and policy-level interventions are 
more likely to be effective. t

KEY POINTS
FINDINGS: Education interventions are 
likely ineffective for reducing imaging in 
back pain. 
IMPLICATIONS: Guideline implementation 
approaches from (cluster) RCTs are 
ineffective. Based on additional review 
of prospective, nonrandomized inter-
ventional studies, organizational- and 
policy-level interventions may be more 
effective.
CAUTION: There is a limited pool of RCTs.
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	U OBJECTIVE: To investigate return to sport (RTS) 
approximately 5 years after arthroscopic partial 
meniscectomy (APM). 

	U DESIGN: Retrospective cohort study. 

	U METHODS: Knee Arthroscopy Cohort Southern 
Denmark patients were asked about RTS and 
reasons for non-RTS approximately 5 years (range, 
4-6 years) after APM using online questionnaires. 
Patients engaged in their sport at the pre-injury 
level at follow-up were classified as “RTS” (or 
“returned to sport”) and as being engaged in their 
sport with (1) full participation and performance, 
(2) reduced performance, or (3) both reduced 
participation and performance. Self-reported knee 
function was assessed using the Knee injury and 
Osteoarthritis Outcome Score (KOOS).

	U RESULTS: We included 288 patients (mean ± 
SD age, 49 ± 12 years; 44% women). Of these, 
172 patients (60%; 95% confidence interval, 
54%-65%) were classified as returned to sport, 

but only 42% (72/172) reported full participation 
and performance. Persistent problems with the 
operated knee were reported by 60% of the pa-
tients as the main reason for reduced participation 
or performance and by 70% of the patients as the 
main reason for not returning to pre-injury levels of 
their sport. Patients who had returned to sport, on 
average, improved by 10.1 points (95% confidence 
interval, 5.7-14.4) more in KOOS4 scores from 
baseline to 5 years than non-RTS patients.

	U CONCLUSION: At approximately 5 years after 
APM, 6 in every 10 patients had returned to their 
sport at pre-injury levels, but only 1 in every 4 
returned with full participation and performance, 
mainly due to persistent knee problems. Greater 
improvements in KOOS scores were observed in 
patients who were classified as returned to sport. 
J Orthop Sports Phys Ther 2022;52(4):224-232. 
doi:10.2519/jospt.2022.10785

	U KEY WORDS: arthroscopy, KOOS, meniscus, 
patient-reported outcome, return to sport

A
rthroscopic partial meniscectomy (APM) is one of the most 
frequently performed orthopedic procedures.10,11 For younger 
athletes and recreationally active middle-aged individuals 
with meniscus injury alike, returning to sport is an important 

outcome. Few studies have investigated return to sport (RTS) after 
APM. Between 61% and 100% of young athletic patients4,18,19 and 77% 
of middle-aged patients1 return to sport. 

RTS rates following hip arthroscopy 
are substantially lower than previously 
published13 when one uses a clear and 
strict definition of RTS: the propor-
tion of athletes who returned to their 
pre-injury sport at pre-injury levels. Re-
porting other important elements, such 
as the extent of sports participation and 
level of performance, changes in the type 
of sport, and cessation of sports due to 
hip and groin pain among those not en-
gaged in their pre-injury sport at the pre-
injury level, provided important insight 
into the different dimensions of RTS not 
previously reported. This methodology 
for reporting RTS is supported by inter-
national consensus.3 

We aimed to investigate the propor-
tion of patients returning to pre-injury 
levels of their sport and the extent of their 
sports participation and performance, 
approximately 5 years after APM. In ad-
dition, we investigated the differences in 
trajectories of patient-reported outcomes 
from before surgery to approximately 5 
years after surgery between those who re-
turned to pre-injury levels of their sport 
and those who did not. 

Sports Participation and Performance 
5 Years After Arthroscopic Partial 

Meniscectomy: A Retrospective Cohort 
Study of 288 Patients 
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METHODS

T
he STROBE (STrengthening the 
Reporting of OBservational stud-
ies in Epidemiology) recommen-

dations were followed to report this 
study.30 

Patients
We included patients from the Knee 
Arthroscopy Cohort Southern Den-
mark (KACS) who participated in the 
approximately 5-year follow-up (range, 
4-6 years). KACS is an observational 
cohort following patients undergoing 
arthroscopic meniscus surgery.27 The 
recruitment procedure has been pre-
viously reported in detail.27 In short, 
patients were consecutively recruited 
from 4 public hospitals in Denmark 
between February 1, 2013, and January 
31, 2015. The KACS inclusion criteria 
were as follows: aged 18 years or old-
er, undergoing arthroscopic surgery for 
a meniscus tear, able to read and un-
derstand Danish, and having an e-mail 
address. The KACS exclusion criteria 
were as follows: previous or planned 
anterior cruciate ligament (ACL) or 
posterior cruciate ligament reconstruc-
tion in either knee, any fracture in the 
lower extremities within 6 months prior 
to recruitment, or being unable to read 
and comprehend the online question-
naire. All study patients provided writ-
ten informed consent, but the Regional 
Scientific Ethics Committee of Southern 
Denmark waived the need for ethical 
approval after reviewing the outline of 
KACS.

Data in the KACS cohort were 
self-reported via online questionnaires. 
Baseline information was collected ap-
proximately 2 weeks before surgery, 
and information from the consecutive 
follow-up assessments was collected 
at 12 weeks, 52 weeks, and approxi-
mately 5 years after surgery. Informa-
tion about knee pathology was recorded 
by the operating surgeon during ar-
throscopy. A modified version of the 
International Society of Arthroscopy, 

Knee Surgery and Orthopaedic Sports 
Medicine classification of meniscal 
tears2 was used to classify meniscal pa-
thology (tear type, tear location, tissue 
quality, etc). 

We only included patients with com-
plete data at baseline and at the approx-
imately 5-year follow-up who underwent 
APM. Furthermore, we only included 
patients who were engaged in sports (all 
kinds of physical activities, whether orga-
nized in a club or performed individually) 
prior to their injury and who intended to 
return to their pre-injury levels of sport 
after surgery. This was determined by 
the following sequence of questions 
in the approximately 5-year follow-up 
questionnaire: 
1.	 Patients were asked, “Did you par-

ticipate in sports before your knee 
problems occurred, and you had 
your knee arthroscopy? (sports is all 
kinds of physical activities whether 
organized in a club or performed 
individually)” (yes/no). Patients an-
swering “no” to this question were 
excluded. 

2.	 The remaining patients were asked 
to “indicate the primary sport you 
participated in before your knee 
problems occurred, and you had ar-
throscopic surgery (primary sport is 
the sport you prioritized the most)” 
(free-text response). We categorized 
the types of sports according to Hefti 
et al,12 modified to European sports 
types8,12,17: category 1 sports: sports 
with frequent pivoting, jumping, and 
cutting movements (eg, football and 
team handball); category 2 sports: 
sports where lateral movements are 
involved but with less frequent piv-
oting, jumping, and cutting move-
ments than category 1 sports (eg, 
racket sports and volleyball); catego-
ry 3 sports: straight-ahead activities 
where pivoting, jumping, and cutting 
movements are not performed (eg, 
running and cycling); and category 4 
sports: sedentary individuals (ie, not 
applicable to patients included in this 
study). 

3.	 Next, patients were asked, “What was 
the highest level of sport you partic-
ipated in before your knee problems 
occurred, and you had arthroscopy?” 
with response options being “elite” 
(professional or highest competitive 
level in Denmark), “competitive” 
(engaged in organized matches or 
competitions), or “recreational” (no 
organized matches or competitive 
events) levels. Further questions in 
the approximately 5-year follow-up 
questionnaire were conditioned to be 
specific to the individual patient’s stat-
ed pre-injury level of sports, which is 
indicated by “elite,” “competitive,” or 
“recreational.” 

4.	 Lastly, patients were asked, “Before 
you had surgery, did you intend to 
continue with your sport at minimum 
[elite/competitive/recreational] level 
after surgery?” (yes/no). Patients who 
answered “no” were excluded. 

Outcomes
The main outcome was the proportion of 
patients who returned to sport and the 
extent of the patient’s sports participation 
and performance at the approximate-
ly 5-year follow-up. To classify patients 
as “RTS” or “not RTS” (also hereinafter 
referred to as “returned to sport” and 
“not returned to sport,” respectively), we 
asked, “Within the last 3 months, to what 
extent have you been able to engage in 
your sport at a minimum of [elite/com-
petitive/recreational] level?” with re-
sponse options being “full participation 
and performance”; “full participation, 
but reduced performance”; “reduced 
participation and reduced performance”; 
or “other.” Patients answering “full par-
ticipation and performance”; “full par-
ticipation, but reduced performance”; 
or “reduced participation and reduced 
performance” were classified as RTS. Pa-
tients answering “other” were classified 
as not RTS. Patients reporting full par-
ticipation and performance were addi-
tionally asked to “indicate to what extent 
you experience knee problems when you 
participate in your sport,” with response 
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options ranging from “always” to “never” 
on a 5-point Likert scale. Patients report-
ing reduced participation, reduced per-
formance, or both were asked, “Is your 
reduced participation/performance a 
result of problems with your knee?” with 
response options being “yes” or “no.” 

Patients who were classified as not 
RTS were asked, “Have you attempted 
to perform your sport at pre-injury level 
[elite/ competitive/recreational] at any 
time since surgery?” with response op-
tions being “Yes, but stopped because of 
problems with my knee”; “Yes, but prob-

lems with my knee were not the reason 
why I stopped”; “No, not been able to 
because of problems with my knee”; or 
“No, but not because of problems with 
my knee.” Lastly, they were asked to 
“indicate what fits to your current lev-
el of participation in your sport,” with 

FIGURE 1. Flowchart of patient inclusion in the KACS cohort and classification of patients as “returned to sport” and “not returned to sport.” Abbreviations: KACS, Knee 
Arthroscopy Cohort Southern Denmark; RTS, returned to sport. 
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response options being “I have engaged 
in it within the last 3 months, but at a 
lower activity level than [elite/compet-
itive/recreational] because of problems 
with my knee”; “I have engaged in an-
other sport within the last 3 months be-
cause of problems with my knee”; “I have 
not engaged in any sport within the last 
3 months because of problems with my 
knee”; or “My change in activity level (in-
cluding no participation in sport) and/
or sport is not because of problems with 
my knee.” 

We assessed self-reported knee 
symptoms and function using the Knee 
injury and Osteoarthritis Outcome 
Score (KOOS).24 The KOOS consists of 
42 items in 5 separate subscales: Pain, 
Symptoms, Activities of Daily Living, 
Sport and Recreation, and knee-related 
Quality of Life. The subscales are sep-
arately scored from 0 to 100, where a 
score of 0 indicates extreme knee prob-
lems and a score of 100 indicates no 
knee problems.22 In this study, KOOS4 
was used in addition to the 5 separate 
KOOS subscale scores to investigate be-
tween-group differences in outcomes. 
The KOOS4 is the average of the 4 sub-
scales, namely, Pain, Symptoms, Sport 
and Recreation, and knee-related Quali-
ty of Life, excluding the Activities of Dai-
ly Living subscale known to have ceiling 
effects in this population.7,29 The KOOS4 
is responsive in trials assessing the effect 
of knee surgery to provide a single score 
for statistical purposes and to simplify 
interpretation.9,16,26 

Statistical Analyses 
Descriptive statistics were presented as 
means and standard deviations or num-
bers and percentages, as appropriate. 
Differences in baseline characteristics 
and RTS outcomes were assessed by an 
unpaired t test, a chi-square test, and the 
Fisher exact test, as appropriate. RTS, 
participation, and performance were 
reported as percentages with 95% con-
fidence intervals (CIs). Between-group 
differences in the trajectories of KOOS 
scores were analyzed using a mixed linear 

model (restricted maximum likelihood 
estimation), with patient as a random 
effect and group (RTS vs not RTS), time 
(baseline, 12 weeks, 52 weeks, and ap-

proximately 5 years), and the Group × 
Time interaction as fixed effects, includ-
ing age, sex, and body mass index as 
covariates. All statistical analyses were 

TABLE 1
Patient Characteristics and Surgical  

Data (n = 288)a

Returned to Sport (RTS)

P ValueVariable
Yes

(n = 172)
No

(n = 116)

Age, mean (SD), y 50.9 (12.1) 48.3 (12.2) .067

Female, n (%) 74 (45) 52 (43) .762

BMI, mean (SD), kg/m2 26.8 (4.2) 26.2 (3.6) .206

Symptom onset, n (%) .502

  Slowly evolved 53 (31) 31 (27)

  Semi-traumatic 76 (44) 49 (42)

  Traumatic 43 (25) 36 (31)

Duration of symptoms, n (%) .500

  0-3 months 34 (20) 21 (18)

  4-6 months 47 (27) 34 (30)

  7-12 months 38 (22) 34 (29)

  13-24 months 31 (18) 14 (12)

  >24 months 22 (13) 13 (11)

Meniscus tear location, n (%) .549

  Medial meniscus 130 (76) 82 (71)

  Lateral meniscus 27 (16) 24 (21)

  Both 15 (8) 10 (8)

Meniscus tear type,b n (%) .527

  Complex 41 (28) 39 (39)

  Vertical flap 45 (31) 27 (27)

  Longitudinal-vertical 27 (18) 15 (15)

  Horizontal 12 (8) 7 (7)

  Horizontal flap 11 (8) 8 (8)

  Radial 10 (7) 4 (4)

  Root tear 0 (0) 1 (1)

Meniscus tissue quality, n (%) .974

  Degenerative 56 (33) 40 (34)

  Non-degenerative 110 (64) 72 (62)

  Undetermined 6 (3) 4 (4)

ACL status, n (%) .071

  Intact 156 (91) 97 (84)

  Ruptured 16 (9) 19 (16)

Level of sport pre-injury, n (%) .001

  Competitive 36 (21) 45 (39)

  Recreational 136 (79) 71 (61)

Sports category, n (%) .116

  Category 1 30 (18) 25 (22)

  Category 2 33 (19) 12 (10)

  Category 3 109 (63) 79 (68)

Table continues on page 228.
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performed using Stata/IC (Version 16.1; 
StataCorp LLC, College Station, TX). 

RESULTS

O
f the 641 KACS patients, 475 
(74%) were assessed at the approx-
imately 5-year follow-up. Further-

more, 187 patients were excluded due 
to having meniscus repair (n = 25), not 
participating in sports prior to injury (n = 
125), or not intending to return to sport 
at pre-injury levels (n = 37), resulting in 
a sample of 288 patients (FIGURE 1). The 
majority of patients were men and slightly 
overweight (TABLE 1). A larger proportion 
of patients classified as RTS were engaged 
in recreational levels of sport compared to 
those classified as not RTS but were simi-
lar in all other in baseline characteristics. 

At the approximately 5-year fol-
low-up, 172 of the 288 patients (60%; 
95% CI, 54%-65%) had returned to 
their pre-injury sports at pre-injury lev-
els (TABLE 2). Of these 172 patients, 72 
(42%; 95% CI, 35%-49%) were engaged 
in their pre-injury sport with full partic-

ipation and performance, correspond-
ing to 25% (95% CI, 20%-30%) of the 
total study population (TABLE 2). Of the 
72 patients with full participation and 
performance, only 33 (46%; 95% CI, 
35%-58%) reported never experiencing 
problems with their surgically treated 
knee when participating in their sport. 
These 33 patients represented 11% (95% 
CI, 7.9%-14.8%) of the total study pop-
ulation. Of the remaining 100 patients 
reporting either reduced performance 
or both reduced performance and par-
ticipation, 60 (60%; 95% CI, 50%-69%) 
reported problems with the surgically 
treated knee as the main reason. 

Problems with the surgically treated 
knee were also commonly reported by 
116 patients as the reason for not returning 
to their sport at pre-injury levels (FIGURE 3A). 
Approximately half of these 116 patients 
had attempted to engage in their pre-
injury sport at pre-injury levels since 
surgery, of which a majority were forced 
to stop due to knee problems (FIGURE 3B).

A larger proportion of patients en-
gaged in recreational levels of sport 

returned to sport compared to patients 
who were engaged in competitive lev-
els of sport (P = .001) (TABLE 2). A larger 
proportion of the recreational group re-
ported full participation and performance 
(P = .012) (TABLE 2). In the older age group 
and in the intact ACL group, larger pro-
portions reported full participation and 
performance (TABLE 2). There were no sig-
nificant differences in RTS or the extent of 
participation and performance across the 
sex, symptom onset, meniscus tear loca-
tion, and sports category groups (TABLE 2). 

Patients in the RTS group had larger 
improvement in KOOS4 scores over time 
(Group × Time interaction, P < .001) 
(FIGURE 2). The RTS group improved, on 
average, by 10.1 points (95% CI, 5.7-14.4) 
more than patients in the not RTS group 
from baseline to the approximately 5-year 
follow-up (SUPPLEMENTAL TABLE 1). Similar 
differences between the 2 groups were 
observed in all 5 KOOS subscale score 
trajectories and change scores (SUPPLE-

MENTAL TABLES 1 and 2 and FIGURE 1A-E). 

DISCUSSION

W
e investigated sports partici-
pation and performance in 288 
patients approximately 5 years 

following APM. Sixty percent of pa-
tients had returned to their sport at the 
pre-injury level at follow-up. Previous 
studies have reported substantially high-
er proportions and rates of RTS.1,4,18,19 
Differences between the studied popu-
lations, our use of a strict definition of 
RTS, and the timing at which RTS was 
investigated might, in part, explain these 
discrepancies. Engaging in a different 
type and level of sport at follow-up was 
commonly reported among patients in 
our cohort, suggesting that not including 
the type and level of sport likely affects 
estimations of RTS. 

Level of Participation and Performance
We investigated additional elements of 
RTS compared with previous studies 
and found that among patients who re-
turned to their pre-injury level of sport, 

Abbreviations: ACL status, anterior cruciate ligament status determined by the operating surgeon 
during arthroscopy: ruptured defined as partial (n = 19) or fully ruptured (n = 16); ADL, Activities of 
Daily Living subscale; BMI, body mass index (kg/m2); Competitive, organized matches or competitions 
(n = 34) and professionals or athletes at the highest competitive level in Denmark (n = 2); KOOS, Knee 
injury and Osteoarthritis Outcome Score; QOL, knee-related Quality of Life subscale; Recreational, no 
organized matches or competitions; SD, standard deviation; Sport/Rec, Sport and Recreation subscale; 
Sports category, defined according to Hefti et al,12 modified to European sports8,17: category 1: football 
(n = 40) and team handball (n = 15); category 2: racket sports (badminton, tennis, squash; n = 21), 
dancing (dancing, Zumba, aerobics; n = 14), martial arts (n = 4), and volleyball (n = 3); and category 3: 
running (n = 74), strength and conditioning (n = 36), cycling (n = 35), equestrian (n = 9), golf (n = 8), boat-
ing (rowing, kayak, sailing; n = 5), swimming (n = 4), triathlon (n = 2), and other sports (n = 15).
aPercentages are rounded to the nearest whole number.
bMeniscus tear type, n = 247.

Returned to Sport (RTS)

P ValueVariable
Yes

(n = 172)
No

(n = 116)

KOOS score, mean (SD)

  KOOS4 48.3 (14.6) 46.4 (15.4) .289

  Pain 58.3 (18.1) 56.9 (18.9) .520

  Symptoms 61.8 (17.7) 61.1 (19.8) .754

  ADL 67.0 (19.0) 66.0 (19.9) .672

  Sport/Rec 29.7 (22.3) 25.8 (21.7) .144

  QOL 43.5 (14.4) 41.9 (13.7) .341

TABLE 1
Patient Characteristics and Surgical  

Data (n = 288)a (continued)
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the extent of their participation and per-
formance varied. Less than half of the 
patients classified as RTS were engaged 
in their sport with full participation 
and performance; the majority report-
ed either reduced participation or both 
reduced participation and performance. 
Our findings highlight the importance 
of investigating these additional el-
ements to detail the full spectrum of 
RTS as an outcome. Furthermore, this 
is of clinical relevance when consider-
ing what constitutes a successful RTS 

for an individual patient. An individ-
ual fully participating in their sport 
at the pre-injury level with impaired 
performance or fully participating in a 
different sport may be inappropriately 
determined as successfully returned to 
sport. For others, reaching a level of par-
ticipation in a different sport can repre-
sent a successful RTS. 

Follow-up Time and Assessment of RTS
Investigating RTS approximately 5 years 
after surgery is longer than typically 

reported.4,19,31 One study reporting RTS 
after APM in a middle-aged patient pop-
ulation reported that 77% returned to 
sport. However, this study had a short 
follow-up (6 months), which might not 
fully capture the ability to maintain 
sports participation and performance. 
This is relevant considering that some pa-
tients might return to sport early but are 
forced to stop at a later time due to knee 
problems and that other patients might 
not be able to fully return to sport until 
years after their surgery. As reflected by 

	

TABLE 2
Overview of Return to Sport and the Extent of Participation and Performance at 

the Approximately 5-Year Follow-upa

Abbreviations: ACL status, anterior cruciate ligament status determined by the operating surgeon during arthroscopy: ruptured defined as partial (n = 19) or 
fully ruptured (n = 16); Competitive, organized matches or competitions (n = 34) and professionals or athletes at the highest competitive level in Denmark (n = 
2); Full/Full, full participation and performance; Full/Red., full participation, but reduced performance; Red./Red., reduced participation and performance; 
Recreational, no organized matches or competitions; Sports category, defined according to Hefti et al,12 modified to European sports8,17: category 1: football 
(n = 40) and team handball (n = 15); category 2: racket sports (badminton, tennis, squash; n = 21), dancing (dancing, Zumba, aerobics; n = 14), martial arts 
(n = 4), and volleyball (n = 3); and category 3: running (n = 74), strength and conditioning (n = 36), cycling (n = 35), equestrian (n = 9), golf (n = 8), boating 
(rowing, kayak, sailing; n = 5), swimming (n = 4), triathlon (n = 2), and other sports (n = 15); Younger, ≤40 years old; Older, >40 years old. 
aPercentages are rounded to the nearest whole number.

Returned to Sport (RTS)

P Value

Extent of Participation and Performance

Variable Yes No Full/Full Full/Red. Red./Red. No RTS P Value

All patients (n = 288), n (%) 172 (60) 116 (40) 72 (25) 41 (14) 59 (21) 116 (40)

Sex, n (%) .762 .331

  Female (n = 126) 74 (59) 52 (41) 27 (21) 16 (13) 31 (25) 52 (41)

  Male (n = 162) 98 (60) 64 (40) 45 (28) 25 (15) 28 (17) 64 (40)

Age group, n (%) .276 .004

  Younger (n = 58) 31 (53) 27 (47) 7 (12) 15 (26) 9 (15) 27 (47)

  Older (n = 230) 141 (61) 89 (39) 65 (28) 26 (11) 50 (25) 89 (39)

Symptom onset, n (%) .502 .544

  Slowly evolved (n = 84) 53 (63) 31 (37) 25 (30) 10 (12) 18 (21) 31 (37)

  Semi-traumatic (n = 125) 76 (61) 49 (39) 28 (23) 18 (14) 30 (24) 49 (39)

  Traumatic (n = 79) 43 (54) 36 (46) 19 (24) 13 (16) 11 (14) 36 (46)

Meniscus tear location, n (%) .549 .816

  Medial (n = 212) 130 (61) 82 (39) 57 (27) 28 (13) 45 (21) 82 (39)

  Lateral (n = 51) 27 (53) 24 (47) 10 (19) 8 (16) 9 (18) 24 (47)

  Both (n = 25) 15 (60) 10 (40) 5 (20) 5 (20) 5 (20) 10 (40)

ACL status, n (%) .071 .017

  Intact (n = 253) 156 (62) 97 (38) 70 (28) 33 (13) 53 (21) 97 (38)

  Ruptured (n = 35) 16 (46) 19 (54) 2 (6) 8 (23) 6 (17) 19 (54)

Level of sport pre-injury, n (%) .001 .012

  Competitive (n = 81) 36 (44) 45 (56) 15 (19) 9 (11) 12 (15) 45 (56)

  Recreational (n = 207) 136 (66) 71 (34) 57 (28) 32 (15) 47 (23) 71 (34)

Sports category, n (%) .116 .232

  Category 1 (n = 55) 30 (55) 25 (45) 14 (26) 6 (11) 10 (18) 25 (45)

  Category 2 (n = 45) 33 (73) 12 (27) 11 (24) 15 (33) 7 (16) 12 (27)

  Category 3 (n = 188) 109 (58) 79 (42) 47 (25) 20 (11) 42 (22) 79 (42)
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the evolving KOOS4 scores over the study 
period, some patients might continue to 
improve well beyond the initial time pe-
riod after surgery (FIGURE 2). The KOOS4 

score trajectories differed between groups 
in favor of patients who returned to sport. 
The between-group difference seemingly 
increased over time and was similar for 

all KOOS subscale scores (SUPPLEMENTAL 

FIGURE 1A-E).

Persistent Knee Problems Were Common
Among patients classified as RTS and 
reporting reduced participation or re-
duced participation and performance, 
60% reported that this was due to prob-
lems with their operated knee. Among 
patients classified as not RTS, a sub-
stantial proportion (70%) either changed 
their level or type of sport or ceased 
sports completely due to problems with 
their operated knee (FIGURE 3A). These 
findings are supported by other stud-
ies reporting persistent knee pain after 
meniscus surgery requiring a decrease 
in sports engagement5,6,15 and long-term 
symptoms and functional limitations.23 
The potential failure of complete symp-
tom alleviation following surgery, along 
with the potential degenerative and 
detrimental effects of the surgery itself, 
is important to consider when surgery 
is proposed with the intent of keeping 
the middle-aged patient active and en-
gaged in their sport for longer.14,16,21,25 
Our findings can inform shared clinical 
decision-making processes and underpin 

FIGURE 2. Adjusted KOOS4 score trajectories from baseline to the approximately 5-year follow-up comparing 
patients who returned to sport and those who did not return to sport. Error bars displaying 95% confidence 
intervals. Model adjusted for age, sex, and body mass index (kg/m2). The trajectories were significantly different 
between groups (Time × Group interaction, P < .001). Abbreviations: KOOS, Knee injury and Osteoarthritis 
Outcome Score; RTS, returned to sport. 

A B

FIGURE 3. Overview of patients classified as “not returned to sport” (not RTS) (n = 116). (A) Of the 116 patients classified as not RTS, 1 (1%; 95% confidence interval [CI], 
0.1%-6%) patient was engaged in pre-injury sport but at a lower level due to knee problems; 40 (35%; 95% CI, 26%-44%) patients were engaged in a different sport due to 
knee problems, whereas 40 (34%; 95% CI, 26%-44%) patients did not engage in any sport due to knee problems. Lastly, 35 (30%; 95% CI, 22%-39%) patients were not 
engaged in pre-injury sports at the pre-injury level due to reasons unrelated to their surgically treated knee. (B) Of the 116 patients classified as not RTS, 65 (56%; 95% CI, 
47%-64%) had attempted to engage in their pre-injury sport at pre-injury levels at any time since surgery. Of these 65 patients, 38 (58%; 95% CI, 46%-70%) were forced to 
stop due to knee problems, and the remaining 27 (42%; 95% CI, 30%-54%) stopped engaging in their sport due to reasons unrelated to their knee.
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realistic expectations following surgery, 
which often deviate from actual postop-
erative outcomes.20

Sports Demands May Impact RTS
A larger proportion of patients engaged 
in recreational sports returned to sport 
compared to patients engaged in com-
petitive sports. This suggests that the 
level at which the sport is performed 
might affect the likelihood of RTS after 
APM. However, there was no difference 
in RTS between sports categories in our 
study (TABLE 2), and our results support a 
previous study of middle-aged patients.1 
Our results do not support the work of 
Aune et al,4 who found a lower likelihood 
of RTS for players in positions with more 
frequent sprinting and cutting move-
ments. Certain sport types might, to a 
larger degree, depend upon the function 
of the menisci.22 However, all patients 
in the study by Aune et al4 had later-
al meniscus injuries and 51% had ACL 
reconstruction—both factors that may 
contribute to the relatively low RTS rates 
compared to other previous studies.1,18,19

In our study, patients with either a lat-
eral meniscus injury or a ruptured ACL 
seemingly had lower RTS rates, but the 
differences did not reach statistical sig-
nificance (TABLE 2). A larger proportion of 
older patients returned to sport with full 
participation and performance (TABLE 2), 
and although not statistically significant, 
a larger proportion of the older patients 
returned to sport compared to younger 
patients (61% vs 53%). However, the con-
siderably larger proportion of older pa-
tients engaging in sport at a recreational 
level could explain this difference (SUP-

PLEMENTAL TABLE 3).

Limitations
Due to the retrospective design and the 
addition of questions regarding RTS 
to the 5-year follow-up questionnaire, 
there is a risk of recall bias. For in-
stance, we asked about reasons for not 
being engaged in sport at the pre-injury 
level at the 5-year follow-up, but partic-
ipation may have ceased much earlier. 

Furthermore, we cannot determine at 
which time point individuals returned 
to sport. Since study eligibility was de-
pendent upon a response to the 5-year 
questionnaire, we could not determine 
a true follow-up rate. Because no out-
come data were available for patients 
who did not respond, we cannot ascer-
tain whether attrition was random or 
if there were systematic differences in 
RTS outcomes between them and the 
patients included in our study. Whether 
patients included in our study had better 
or worse outcomes, and hence the effect 
of a potential attrition bias on our re-
sults, is therefore unknown.

Our data were patient reported, and 
we cannot be certain if self-reported 
sports participation and performance 
corresponds to objective measures. Pa-
tients in the KACS cohort had a similar 
age and sex distribution compared with 
the population undergoing arthroscopic 
meniscus surgery in Denmark28 at the 
time of the study. Indications for me-
niscal surgery may have changed over 
time; however, the current age mix of 
patients undergoing APM in Denmark 
is similar to that of the study period, 
although the number of patients under-
going APM has declined. Furthermore, 
the proportion of patients engaged in 
sports at the elite level was low (n = 2), 
limiting generalizability of the results to 
this population.

CONCLUSION

A
mong patients undergoing 
APM, 60% returned to pre-injury 
levels of their sport, the majority 

with either reduced participation or re-
duced performance. Persistent problems 
with the operated knee were commonly 
reported as the reason for the reduced 
participation or performance and for not 
being engaged in their sport at pre-injury 
levels at follow-up. Patients who returned 
to pre-injury levels of their sport im-
proved more in self-reported knee func-
tion over the study period than those who 
did not. t

KEY POINTS
FINDINGS: Four in 10 patients did not 
return to their sport at pre-injury 
levels, and the majority of those who 
did reported reduced participation or 
performance. Persistent knee problems 
were reported by 6 in 10 patients as the 
reason for the reduced participation 
or performance and by 7 in 10 patients 
for not returning to pre-injury levels of 
their sport. Greater improvements in 
KOOS scores were observed in patients 
classified as returned to sport. 
IMPLICATIONS: Studies investigating RTS 
after arthroscopic meniscus surgery 
should use clear definitions of RTS, 
where the type and level of sport are 
included, and investigate the extent of 
sports participation and performance. 
Our findings, which indicate that not 
all patients can expect to return to sport 
and that APM is not guaranteed to alle-
viate knee problems in all patients, can 
inform shared clinical decision-making 
processes and underpin realistic expec-
tations following surgery. 
CAUTION: The results may not generalize 
to adolescent or young adult patient 
populations and to those engaged in 
sports at very high levels. 

STUDY DETAILS
AUTHOR CONTRIBUTIONS: Jonathan Orvik 
Giladi and Dr Thorlund conceived the 
idea of the study. Jonathan Orvik Giladi 
performed the statistical analysis. All 
authors took part in the interpretation 
of the results. Jonathan Orvik Giladi and 
Dr Thorlund drafted the first version of 
the manuscript. Drs Holsgaard-Larsen 
and Varnum provided critical feedback to 
the manuscript. All authors read and ap-
proved the final version of the manuscript.
DATA SHARING: There are no data available. 
PATIENT AND PUBLIC INVOLVEMENT: There 
was no patient or public involvement. 

ACKNOWLEDGMENTS: We would like to acknowl-
edge the efforts of all participating patients 
and orthopedic surgeons, nurses, and secre-
taries at the Department of Orthopaedics and 
Traumatology, Odense University Hospital, 

 J
ou

rn
al

 o
f 

O
rt

ho
pa

ed
ic

 &
 S

po
rt

s 
Ph

ys
ic

al
 T

he
ra

py
®

 
 D

ow
nl

oa
de

d 
fr

om
 w

w
w

.jo
sp

t.o
rg

 a
t o

n 
O

ct
ob

er
 1

7,
 2

02
4.

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 N

o 
ot

he
r 

us
es

 w
ith

ou
t p

er
m

is
si

on
. 

 C
op

yr
ig

ht
 ©

 2
02

2 
Jo

ur
na

l o
f 

O
rt

ho
pa

ed
ic

 &
 S

po
rt

s 
Ph

ys
ic

al
 T

he
ra

py
®

. A
ll 

ri
gh

ts
 r

es
er

ve
d.



232  |  april 2022  |  volume 52  |  number 4  |  journal of orthopaedic & sports physical therapy

[ research report ]
Odense and Svendborg, Denmark, and the 
Department of Orthopaedic Surgery, Lillebaelt 
Hospital, Vejle and Kolding, Denmark, for 
their assistance with patient recruitment and 
data collection. We would also like to acknowl-
edge Kenneth Pihl, PT, PhD, for assisting with 
the 5-year follow-up of the KACS cohort and 
the statistical analysis.

REFERENCES

	 1.	 Agarwalla A, Gowd AK, Liu JN, et al. 
Predictive factors and duration to return 
to sport after isolated meniscectomy. 
Orthop J Sport Med. 2019;7:1-8. https://doi.
org/10.1177/2325967119837940

	 2.	 Anderson AF, Irrgang JJ, Dunn W, et al. 
Interobserver reliability of the International 
Society of Arthroscopy, Knee Surgery and 
Orthopaedic Sports Medicine (ISAKOS) 
classification of meniscal tears. Am J 
Sports Med. 2011;39:926-932. https://doi.
org/10.1177/0363546511400533

	 3.	 Ardern CL, Glasgow P, Schneiders A, et al. 2016 
consensus statement on return to sport from the 
First World Congress in Sports Physical Therapy, 
Bern. Br J Sports Med. 2016;50:853-864. 
https://doi.org/10.1136/bjsports-2016-096278

	 4.	 Aune KT, Andrews JR, Dugas JR, Cain EL. Return 
to play after partial lateral meniscectomy 
in National Football League athletes. Am J 
Sports Med. 2014;42:1865-1872. https://doi.
org/10.1177/0363546514535069

	 5.	 Bonneux I, Vandekerckhove B. Arthroscopic 
partial lateral meniscectomy long-term results in 
athletes. Acta Orthop Belg. 2002;68:356-361.

	 6.	 Brophy RH, Gill CS, Lyman S, Barnes RP, Rodeo 
SA, Warren RF. Effect of anterior cruciate ligament 
reconstruction and meniscectomy on length of 
career in National Football League athletes. Am 
J Sports Med. 2009;37:2102-2107. https://doi.
org/10.1177/0363546509349035

	 7.	 Collins NJ, Prinsen CAC, Christensen R, Bartels 
EM, Terwee CB, Roos EM. Knee injury and 
Osteoarthritis Outcome Score (KOOS): system-
atic review and meta-analysis of measurement 
properties. Osteoarthr Cartil. 2016;24:1317-1329. 
https://doi.org/10.1016/j.joca.2016.03.010

	 8.	 Eitzen I, Moksnes H, Snyder-Mackler L, Risberg 
MA. A progressive 5-week exercise therapy pro-
gram leads to significant improvement in knee 
function early after anterior cruciate ligament in-
jury. J Orthop Sport Phys Ther. 2010;40:705-721. 
https://doi.org/10.2519/jospt.2010.3345

	 9.	 Frobell RB, Roos EM, Roos HP, Ranstam J, 
Lohmander LS. A randomized trial of treatment 
for acute anterior cruciate ligament tears. 
N Engl J Med. 2010;363:331-342. https://doi.
org/10.1056/NEJMoa0907797

	10.	 Hall MJ, Schwartzman A, Zhang J, Liu X. 
Ambulatory surgery data from hospitals and 

ambulatory surgery centers: United States, 2010. 
Natl Health Stat Report. 2017;102:1-15.

	 11.	 Hamilton DF, Howie CR. Knee arthroscopy: 
influence of systems for delivering healthcare on 
procedure rates. BMJ. 2015;351:h4720. https://
doi.org/10.1136/bmj.h4720

	12.	 Hefti E, Müller W, Jakob RP, Stäubli H-U. 
Evaluation of knee ligament injuries with the 
IKDC form. Knee Surg Sports Traumatol Arthrosc. 
1993;1:226-234. https://doi.org/10.1007/
BF01560215

	13.	 Ishøi L, Thorborg K, Kraemer O, Hölmich 
P. Return to sport and performance after 
hip arthroscopy for femoroacetabular im-
pingement in 18- to 30-year-old athletes: a 
cross-sectional cohort study of 189 athletes. 
Am J Sports Med. 2018;46:2578-2587. https://
doi.org/10.1177/0363546518789070

	14.	 Katz JN, Shrestha S, Losina E, et al. Five-year out-
come of operative and nonoperative management 
of meniscal tear in persons older than forty-five 
years. Arthritis Rheumatol. 2020;72:273-281. 
https://doi.org/10.1002/art.41082

	15.	 Kim SG, Nagao M, Kamata K, Maeda K, 
Nozawa M. Return to sport after arthroscopic 
meniscectomy on stable knees. BMC Sports 
Sci Med Rehabil. 2013;5:2-5. https://doi.
org/10.1186/2052-1847-5-23

	16.	 Kise NJ, Risberg MA, Stensrud S, Ranstam J, 
Engebretsen L, Roos EM. Exercise therapy versus 
arthroscopic partial meniscectomy for degener-
ative meniscal tear in middle aged patients: ran-
domised controlled trial with two year follow-up. 
Br J Sports Med. 2016;50:1473-1480. https://doi.
org/10.1136/bjsports-2016-i3740rep

	 17.	 Moksnes H, Snyder-Mackler L, Risberg MA. 
Individuals with an anterior cruciate liga-
ment-deficient knee classified as noncopers 
may be candidates for nonsurgical rehabilitation. 
J Orthop Sport Phys Ther. 2008;38:586-595. 
https://doi.org/10.2519/jospt.2008.2750

	18.	 Nawabi DH, Cro S, Hamid IP, Williams A. Return 
to play after lateral meniscectomy compared with 
medial meniscectomy in elite professional soccer 
players. Am J Sports Med. 2014;42:2193-2198. 
https://doi.org/10.1177/0363546514540271

	19.	 Osti L, Liu SH, Raskin A, Merlo F, Bocchi 
L. Partial lateral meniscectomy in ath-
letes. Arthrosc J Arthrosc Relat Surg. 
1994;10:424-430. https://doi.org/10.1016/
S0749-8063(05)80194-X

	20.	 Pihl K, Roos EM, Nissen N, JøRgensen U, 
Schjerning J, Thorlund JB. Over-optimistic 
patient expectations of recovery and leisure 
activities after arthroscopic meniscus surgery: 
a prospective cohort study of 478 patients. Acta 
Orthop. 2016;87:615-621. https://doi.org/10.1080
/17453674.2016.1228411

	21.	 Rongen JJ, Rovers MM, van Tienen TG, Buma 
P, Hannink G. Increased risk for knee replace-
ment surgery after arthroscopic surgery for 
degenerative meniscal tears: a multi-center 
longitudinal observational study using data 
from the osteoarthritis initiative. Osteoarthr 

Cartil. 2017;25:23-29. https://doi.org/10.1016/j.
joca.2016.09.013

	22.	 Roos EM, Lohmander LS. The Knee injury 
and Osteoarthritis Outcome Score (KOOS): 
from joint injury to osteoarthritis. Health 
Qual Life Outcomes. 2003;1:1-8. https://doi.
org/10.1186/1477-7525-1-64

	23.	 Roos EM, Östenberg A, Roos H, Ekdahl C, 
Lohmander LS. Long-term outcome of menis-
cectomy: symptoms, function, and performance 
tests in patients with or without radiographic 
osteoarthritis compared to matched controls. 
Osteoarthr Cartil. 2001;9:316-324. https://doi.
org/10.1053/joca.2000.0391

	24.	 Roos EM, Roos HP, Lohmander LS, Ekdahl C, 
Beynnon BD. Knee injury and Osteoarthritis 
Outcome Score (KOOS)—development of a 
self-administered outcome measure. J Orthop 
Sport Phys Ther. 1998;28:88-96. https://doi.
org/10.2519/jospt.1998.28.2.88

	25.	 Sihvonen R, Paavola M, Malmivaara A, et al. 
Arthroscopic partial meniscectomy for a degen-
erative meniscus tear: a 5 year follow-up of the 
placebo-surgery controlled FIDELITY (Finnish 
Degenerative Meniscus Lesion Study) trial. 
Br J Sports Med. 2020;54:1332-1339. https://doi.
org/10.1136/bjsports-2020-102813

	26.	 Skou ST, Roos EM, Laursen MB, et al. A random-
ized, controlled trial of total knee replacement. 
N Engl J Med. 2015;373:1597-1606. https://doi.
org/10.1056/NEJMoa1505467

	27.	 Thorlund JB, Christensen R, Nissen N, et al. 
Knee Arthroscopy Cohort Southern Denmark 
(KACS): protocol for a prospective cohort study. 
BMJ Open. 2013;3:1-8. https://doi.org/10.1136/
bmjopen-2013-003399

	28.	 Thorlund JB, Hare KB, Lohmander LS. Large 
increase in arthroscopic meniscus surgery 
in the middle-aged and older population in 
Denmark from 2000 to 2011. Acta Orthop. 
2014;85:287-292. https://doi.org/10.3109/17453
674.2014.919558

	29.	 van de Graaf VA, Wolterbeek N, Scholtes VAB, 
Mutsaerts ELAR, Poolman RW. Reliability 
and validity of the IKDC, KOOS, and WOMAC 
for patients with meniscal injuries. Am J 
Sports Med. 2014;42:1408-1416. https://doi.
org/10.1177/0363546514524698

	30.	 Vandenbroucke JP, von Elm E, Altman DG, et al. 
Strengthening the Reporting of Observational 
Studies in Epidemiology (STROBE): explanation 
and elaboration. Int J Surg. 2014;12:1500-1524. 
https://doi.org/10.1016/j.ijsu.2014.07.014

	31.	 Yeh PC, Starkey C, Lombardo S, Vitti G, Kharrazi 
FD. Epidemiology of isolated meniscal injury 
and its effect on performance in athletes from 
the National Basketball Association. Am J 
Sports Med. 2012;40:589-594. https://doi.
org/10.1177/0363546511428601

MORE INFORMATION
WWW.JOSPT.ORG@

 J
ou

rn
al

 o
f 

O
rt

ho
pa

ed
ic

 &
 S

po
rt

s 
Ph

ys
ic

al
 T

he
ra

py
®

 
 D

ow
nl

oa
de

d 
fr

om
 w

w
w

.jo
sp

t.o
rg

 a
t o

n 
O

ct
ob

er
 1

7,
 2

02
4.

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 N

o 
ot

he
r 

us
es

 w
ith

ou
t p

er
m

is
si

on
. 

 C
op

yr
ig

ht
 ©

 2
02

2 
Jo

ur
na

l o
f 

O
rt

ho
pa

ed
ic

 &
 S

po
rt

s 
Ph

ys
ic

al
 T

he
ra

py
®

. A
ll 

ri
gh

ts
 r

es
er

ve
d.

https://doi.org/10.1177/2325967119837940
https://doi.org/10.1177/2325967119837940
https://doi.org/10.1177/0363546511400533
https://doi.org/10.1177/0363546511400533
https://doi.org/10.1136/bjsports-2016-096278
https://doi.org/10.1177/0363546514535069
https://doi.org/10.1177/0363546514535069
https://doi.org/10.1177/0363546509349035
https://doi.org/10.1177/0363546509349035
https://doi.org/10.1016/j.joca.2016.03.010
https://doi.org/10.2519/jospt.2010.3345
https://doi.org/10.1056/NEJMoa0907797
https://doi.org/10.1056/NEJMoa0907797
https://doi.org/10.1136/bmj.h4720
https://doi.org/10.1136/bmj.h4720
https://doi.org/10.1007/BF01560215
https://doi.org/10.1007/BF01560215
https://doi.org/10.1177/0363546518789070
https://doi.org/10.1177/0363546518789070
https://doi.org/10.1002/art.41082
https://doi.org/10.1186/2052-1847-5-23
https://doi.org/10.1186/2052-1847-5-23
https://doi.org/10.1136/bjsports-2016-i3740rep
https://doi.org/10.1136/bjsports-2016-i3740rep
https://doi.org/10.2519/jospt.2008.2750
https://doi.org/10.1177/0363546514540271
https://doi.org/10.1016/S0749-8063(05)80194-X
https://doi.org/10.1016/S0749-8063(05)80194-X
https://doi.org/10.1080/17453674.2016.1228411
https://doi.org/10.1080/17453674.2016.1228411
https://doi.org/10.1016/j.joca.2016.09.013
https://doi.org/10.1016/j.joca.2016.09.013
https://doi.org/10.1186/1477-7525-1-64
https://doi.org/10.1186/1477-7525-1-64
https://doi.org/10.1053/joca.2000.0391
https://doi.org/10.1053/joca.2000.0391
https://doi.org/10.2519/jospt.1998.28.2.88
https://doi.org/10.2519/jospt.1998.28.2.88
https://doi.org/10.1136/bjsports-2020-102813
https://doi.org/10.1136/bjsports-2020-102813
https://doi.org/10.1056/NEJMoa1505467
https://doi.org/10.1056/NEJMoa1505467
https://doi.org/10.1136/bmjopen-2013-003399
https://doi.org/10.1136/bmjopen-2013-003399
https://doi.org/10.3109/17453674.2014.919558
https://doi.org/10.3109/17453674.2014.919558
https://doi.org/10.1177/0363546514524698
https://doi.org/10.1177/0363546514524698
https://doi.org/10.1016/j.ijsu.2014.07.014
https://doi.org/10.1177/0363546511428601
https://doi.org/10.1177/0363546511428601
http://www.jospt.org


journal of orthopaedic & sports physical therapy  |  volume 52  |  number 4  |  april 2022  |  207

[ literature review ]

	U OBJECTIVE: To compare the effectiveness of 
opioids, nonsteroidal anti-inflammatory drugs 
(NSAIDs), and exercise therapy for knee osteoar-
thritis pain. 

	U DESIGN: Systematic review with network meta-
analysis.

	U LITERATURE SEARCH: We searched the 
databases MEDLINE, EMBASE, and Cochrane 
Central Register of Controlled Trials from inception 
to April 15, 2021. Web of Science was used for 
citation tracking.

	U STUDY SELECTION CRITERIA: Randomized 
controlled trials comparing exercise therapy, 
NSAIDs, and opioids in any combination for knee 
osteoarthritis pain. 

	U DATA SYNTHESIS: Network meta-analysis 
comparing exercise therapy, NSAIDs, opioids, and 
placebo/control for knee osteoarthritis pain. Ad-
ditional trials from previous reviews were included 
to create the external placebo/control anchor.

	U RESULTS: We included 13 trials (1398 patients) 
with direct comparisons, supplemented with data 
from 101 additional trials. The treatment effect of 

NSAIDs for knee osteoarthritis pain was similar to 
that of opioids (standardized mean difference [SMD], 
0.02; 95% confidence interval [CI], −0.14 to 0.18; 
Grading of Recommendations, Assessment, Devel-
opment and Evaluations [GRADE]: low certainty). 
Exercise therapy had a larger effect than NSAIDs 
(SMD, 0.54; 95% CI, 0.19 to 0.89; GRADE: very low 
certainty). No estimate could be made for exercise vs 
opioids due to the lack of studies. Exercise therapy 
ranked as the “best” intervention in the network 
meta-analysis, followed by NSAIDs, opioids, and 
placebo/control intervention (GRADE: low certainty).

	U CONCLUSION: Exercise therapy ranked as the 
best treatment for knee osteoarthritis pain, followed 
by NSAIDs and opioids. The difference between 
treatments was small and likely not clinically rel-
evant, and the overall confidence in the ranking was 
low. The results highlight the limited evidence for 
comparative effectiveness between exercise therapy, 
NSAIDs, and opioids for knee osteoarthritis pain. 
J Orthop Sports Phys Ther 2022;52(4):207-216. 
doi:10.2519/jospt.2022.10490

	U KEY WORDS: analgesics, knee, osteoarthritis, 
pain, physiotherapy 

1Department of Sports Science and Clinical Biomechanics, University of Southern Denmark, Odense, Denmark. 2Research Unit of General Practice, Department of Public Health, 
University of Southern Denmark, Odense, Denmark. 3Discipline of Physiotherapy, Faculty of Medicine and Health, The University of Sydney, Sydney, Australia. 4Department of 
Rehabilitation, Municipality of Guldborgsund, Nykøbing Falster, Denmark. 5Musculoskeletal Statistics Unit, The Parker Institute, Bispebjerg and Frederiksberg Hospital, Copenhagen, 
Denmark. 6Department of Clinical Pharmacology & Toxicology, St Vincent’s Hospital Sydney, Sydney, Australia. 7Faculty of Medicine, St Vincent’s Clinical School, University of New 
South Wales, Sydney, Australia. 8Department of General Practice, Erasmus University Medical Center, Rotterdam, the Netherlands. 9Department of Occupational Therapy and 
Physiotherapy, Herlev and Gentofte Hospital, Copenhagen University Hospital, Copenhagen, Denmark. This study was registered with PROSPERO (International Prospective 
Register of Systematic Reviews; registration number CRD42018106484). No funding was received for conducting this study. Jonas Bloch Thorlund reports a grant from Pfizer 
outside the submitted work. Milena Simic is supported by the Sydney University Research Accelerator (SOAR) fellowship. Richard Day has received support for his participation as 
“Community Expert” from Reckitt Benckiser ending in 2018. The other authors certify that they have no affiliations with or financial involvement in any organization or entity with a 
direct financial interest in the subject matter or materials discussed in the article. Address correspondence to Dr Jonas Bloch Thorlund, Department of Sports Science and Clinical 
Biomechanics, University of Southern Denmark, 5230 Odense M, Denmark. E-mail: jthorlund@health.sdu.dk t Copyright ©2022 JOSPT®, Inc

JONAS BLOCH THORLUND, PhD1,2  •  MILENA SIMIC, PT, PhD3  •  KENNETH PIHL, PT, PhD1  •  DORTHE BANG BERTHELSEN, PT, MSc4,5

RICHARD DAY, MD6,7  •  BART KOES, PhD1,8  •  CARSTEN BOGH JUHL, PT, PhD1,9

O
pioids are frequently used to treat chronic musculoskeletal 
pain conditions.18 In Sweden, 1 in 4 patients with knee or 
hip osteoarthritis (OA) have an opioid dispensed within a 
12-month period, and a substantial proportion of patients 

have opioids prescribed within the first 
year of OA diagnosis.43,44 The appropri-
ateness for treating musculoskeletal pain 
conditions, such as OA, with opioids 
is the subject of strident debate due to 
risk of adverse events (AEs) and addic-
tion.8,16,42 Guidelines generally do not rec-
ommend opioids for knee OA pain unless 
other treatment options are exhausted, 
ineffective, or contraindicated.28,30 The 
most recent guidelines from the Osteo-
arthritis Research Society International 
made a strong recommendation against 
any use of opioids for knee OA.3 

Two other common treatments for 
knee OA pain are exercise therapy and 
nonsteroidal anti-inflammatory drugs 
(NSAIDs). The treatment effect estimated 
in systematic reviews and meta-analyses of 
opioids compared to placebo for knee OA 
pain does not seem to be larger than the 
treatment effect of NSAIDs compared to 
placebo or the treatment effect of exercise 
therapy compared to control interven-
tions.10,15,45 However, comparing effects 
across interventions obtained from ran-
domized trials in pairwise meta-analysis is 

Similar Effects of Exercise Therapy, 
Nonsteroidal Anti-inflammatory Drugs, 

and Opioids for Knee Osteoarthritis  
Pain: A Systematic Review with  

Network Meta-analysis
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limited because no direct statistical com-
parison can be made between all relevant 
interventions. We used network meta-
analysis to provide more valid estimates of 
the comparative effectiveness of opioids, 
NSAIDs, and exercise therapy for knee 
OA pain. Such information is important 
for musculoskeletal rehabilitation clini-
cians when supporting patients to make 
decisions about treatment for knee OA. 
Important knowledge gaps may also be 
identified.

METHODS

W
e preregistered the protocol 
in the PROSPERO (International 
Prospective Register of System

atic Reviews) database (registration num-
ber CRD42018106484; https://www.
crd.york.ac.uk/prospero/display_record.
php?RecordID=106484) and performed 
the study according to the guidelines for 
network meta-analysis using Stata.40 We 
report the findings of our study accord-
ing to the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses 
extension statement for reporting sys-
tematic reviews incorporating network 
meta-analyses.24 

Eligibility Criteria 
We included randomized controlled tri-
als comparing exercise therapy with 
NSAIDs, exercise therapy with opioids, 
or NSAIDs with opioids for knee OA 
pain. We excluded trials where patients 
had a knee replacement surgery and tri-
als where patients suffered from condi-
tions other than OA, unless separate data 
were available for patients with knee OA. 
Trials including mixed populations of 
both knee and hip OA were included, as 
the majority of these patients typically 
have knee OA (this was a deviation from 
the protocol registered at PROSPERO). 
We defined exercise therapy as a regimen 
or plan of physical activities designed and 
prescribed for a specific therapeutic goal 
(ie, to reduce knee OA pain or improve 
muscle function), as defined by the Medi-
cal Subject Headings term in PubMed. 

We excluded trials that involved com-
bined interventions in which exercise 
therapy constituted less than 50% of the 
intervention. We included all trials on 
drugs classified as NSAIDs or opioids ac-
cording to the Anatomical Therapeutic 
Chemical codes. 

Literature Search and Study Selection 
We carried out systematic searches 
in MEDLINE, EMBASE, and the Co-
chrane Central Register of Controlled 
Trials. Citation tracking was performed 
in Web of Science. The final search was 
performed on April 15, 2021. We devel-
oped the search strategies in MEDLINE 
and adjusted to the other databases 
using a combination of key words (ie, 
Medical Subject Headings) and text 
words (SUPPLEMENTAL FILE 1). We had no 
restrictions for publication year and 
language. Two members of the study 
team (K.P. and D.B.B.) independently 
assessed all titles and abstracts of the 
identified reports for eligibility. If at 
least 1 of the reviewers judged a trial 
eligible, we obtained the full text and 
had 2 members independently evaluate 
for study inclusion eligibility. To iden-
tify additional trials, we reviewed refer-
ence lists of included trials and reviews 
published within the last 5 years. We 
resolved disagreements on inclusion by 
consensus.

Because we identified a low number 
of trials with direct comparison between 
treatments and no trials investigating 
exercise therapy vs opioids, we created 
an external anchor for the comparison 
in the network meta-analysis from tri-
als comparing NSAIDs to placebo, opi-
oids to placebo, and exercise therapy to 
control interventions. We used the same 
search (filtered for systematic reviews) 
to identify the most recent and relevant 
meta-analyses in Cochrane reviews. 
When no suitable Cochrane review was 
found, we extracted data from the most 
recent/relevant systematic review and 
meta-analysis we could identify (this ap-
proach was a deviation from the protocol 
registered with PROSPERO).

Data Extraction
The prespecified outcome of interest was 
pain. When a report provided data on 
more than 1 pain scale, a published hier-
archy for the selection of patient-reported 
outcomes was used.26 We extracted data 
on outcomes for each of the intervention 
groups for the longest follow-up assess-
ment reported in the included trials. As 
recommended in the Cochrane Handbook 
for Systematic Reviews of Interventions, 
we extracted the standard deviation (SD) 
of the outcome measurements, and when 
the SD was not described, it was esti-
mated from standard errors, confidence 
intervals (CIs), P values, or interquartile 
ranges.21 If data were reported in graphi-
cal form only, mean values and measures 
of dispersion were extrapolated using the 
WebPlotDigitizer software. In crossover 
trials, both phases of the trial were in-
cluded, as the crossover effect of opioids 
and NSAIDs are minimal. For each in-
tervention group, we also extracted the 
number of participants who were ran-
domized, distribution of sex, mean age 
at baseline, body mass index at baseline, 
pain (intensity) at baseline, details about 
the interventions, number of AEs, type of 
AEs, and number of withdrawals due to 
AEs. Furthermore, we extracted defini-
tion criteria of OA for each trial. A cus-
tomized data extraction form was used to 
independently extract all data by 2 of the 
study authors (M.S. and J.B.T.). 

Similarity of Study Populations
A qualitative assessment of the clinical 
similarity of the treatment populations 
was performed based on mean age, sex 
distribution, OA severity (eg, Kellgren-
Lawrence score), and baseline pain.

Data Synthesis
The effects from individual trials were 
expressed as the standardized mean dif-
ference (SMD) with a 95% CI. The SMD 
was estimated as the mean difference at 
the end of follow-up between treatment 
groups divided by the pooled SD. This 
estimate of the treatment effect size has 
a slight bias especially in smaller studies 
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overestimating the effect, and a correc-
tion factor was applied to convert the ef-
fect size to Hedges’s g.19 In trials reporting 
the effect as the number of participants 
reaching a predefined level of pain, the 
effect was estimated as an odds ratio 
(with a 95% CI) and transformed into 
an SMD using the formula proposed by 
Chinn.9 First, we pooled the results from 
the individual trials with direct com-
parisons between the 3 interventions (ie, 
opioids, NSAIDs, and exercise). Then, 
we performed frequentist network meta-
analysis based on the direct comparison 
of interventions (ie, opioids, NSAIDs, 
and exercise) to estimate the effect of 
pairwise comparisons (ie, based on direct 
and indirect comparisons).

We identified few trials with direct 
comparison between treatments and no 
trials investigating exercise therapy vs 
opioids. Therefore, we created an external 
anchor for the comparison in the network 
meta-analysis by extracting data from 
trials included in previous systematic re-
views comparing NSAIDs to placebo, opi-
oids to placebo, and exercise therapy to 
control interventions. The final network 
meta-analysis was performed including 
the extracted trials comparing the 3 inter-
ventions to placebo/control interventions.

Assessing Inconsistency
The heterogeneity in the analyses in-
cluding direct comparisons between 
treatments was estimated using the I2 
statistic,22 which measures the proportion 
of variation in the combined estimates at-
tributable to between-study heterogene-
ity.23 We checked the overall model for 
consistency using the command “network 
meta inconsistency” in Stata applying an 
F test for evaluating consistency. Side-
split tables were produced to identify the 
source of inconsistency. The relative rank 
of the interventions along with the sur-
face under the cumulative ranking curve 
was estimated.

Interpreting the Results
The SMD is often poorly understood.25 
To facilitate interpretation of the results, 

we also converted the estimated SMD in 
the final network meta-analysis into pain 
scores on a visual analog scale (VAS) us-
ing previously published methods. The 
converted VAS pain score (from 0 to 
100 mm) was calculated by multiplying 
the SMD with an SD equal to 16.9 mm 
for pain.6 The SDs used to convert the 
SMD into millimeters were based on a 
cohort of 914 patients with knee OA.47 We 
considered that a difference in change in 
VAS pain between interventions had to 
be at least 15 mm to be clinically impor-
tant. Finally, the network meta-analysis 
was repeated, stratified by OA classifica-
tion (only patients with knee OA or pa-
tients with mixed knee and hip OA), age 
(over or under the median age), and the 
percentage of female participants in the 
study (over or under the median percent-
age of female participants). Risk of publi-
cation bias was investigated using funnel 
plots. All analyses were performed with 
Stata (Version 17.0; StataCorp LLC, Col-
lege Station, TX), using a restricted maxi-
mum likelihood method to estimate the 
combined effect size and the between-
study variance.

Assessing the Risk of Bias 
Two reviewers (M.S. and J.B.T.) indepen-
dently assessed risk of bias for trials with 
direct comparisons using the Cochrane 
Collaboration’s risk-of-bias tool,21 includ-
ing the following domains: sequence gen-
eration, allocation concealment, blinding 
of participants and personnel, blinding 
of outcome assessment, incomplete out-
come data, selective outcome reporting, 
and other bias. Other bias addressed the 
source of funding. We rated each domain 
as “low,” “high,” or “unclear” risk of bias. 
Disagreements between the 2 reviewers 
were resolved by consensus.

For the trials identified to create the 
external anchor for the network meta-
analysis, we extracted the results of the 
risk-of-bias assessments performed in 
those trials (reported in the supplemen-
tal files). We used the Grading of Recom-
mendations Assessment, Development 
and Evaluation (GRADE) adjusted for 

the network meta-analysis framework to 
assess the overall quality of the evidence, 
evaluating the certainty of the estimates 
on (1) study limitations, (2) indirectness 
and intransitivity, (3) statistical heteroge-
neity and statistical inconsistency, (4) im-
precision, and (5) publication bias (using 
the GRADE approach was not registered 
in the PROSPERO protocol) (SUPPLEMEN-

TAL TABLE 1).39 

RESULTS

O
ur literature search identi-
fied 7719 independent references 
after excluding duplicates. Of these, 

58 were considered for full-text review, 
and 13 trials including 1398 patients 
met the inclusion criteria.1,5,7,11,13,14,27,29,34-36,48 

Reasons for exclusion after the full-text 
review are reported in the flowchart 
(FIGURE 1) and in SUPPLEMENTAL FILE 2.

Study Characteristics
Of the included trials, 11 compared 
NSAIDs to opioids1,5,7,11,13,27,29,33-36 and 2 
compared NSAIDs to exercise thera-
py.14,48 We did not identify any trials com-
paring opioids to exercise therapy. Five 
of the trials comparing NSAIDs to opi-
oids were crossover trials, meaning that 
181 of the 1398 patients were exposed 
to both treatments and acted as their 
own control.7,13,27,35,36 The most common 
pain outcome was Western Ontario and 
McMaster Universities Osteoarthritis 
Index pain (n = 5), followed by VAS pain 
(n = 4) and numeric rating scale pain (n = 
2); the remaining 2 trials used other pain 
outcomes. In 2 trials, pain data were ex-
trapolated from figures.33,36 Mean patient 
age ranged from 53 to 69 years, and mean 
baseline pain ranged from 34 to 74 mm 
on a 0- to 100-mm VAS. Follow-up for 
the primary endpoint in the trials ranged 
from 2 days to 52 weeks; most trials (n = 
8) had their primary endpoint within 4 to 
14 weeks (SUPPLEMENTAL TABLE 2). 

The NSAIDs provided (n = 13 trials) 
were diclofenac (n = 3),5,35,48 naproxen 
(n = 3),27,33,36 ibuprofen (n = 1),13 celecoxib 
(n = 2),7,11 etoricoxib (n = 1),1 and a mix of 
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NSAIDs (n = 3),14,29,34 which were deliv-
ered orally (n = 11),1,5,7,11,13,14,27,33-36 topically 
(n = 1),48 or both orally and topically (n = 
1).29 The opioids provided (n = 11 trials) 
were tramadol (n = 7),5,11,27,33-36 codeine 
(n = 1),13 oxycodone (n = 1),7 tapentadol 
(n = 1),1 and a mix of opioids (n = 1),29 
which were delivered orally in all trials 
except for 1 trial29 that used both oral 
and transdermal delivery. In the tri-
als including exercise therapy (n = 2), 
1 trial delivered a quadriceps home ex-
ercise program,14 and the other delivered 
quadriceps and hamstrings isokinetic 
exercises using a seated dynamometer48 
(SUPPLEMENTAL TABLE 2).

To increase precision in the network 
meta-analysis, we established an exter-
nal anchor for the 3 interventions by in-
cluding trials identified from systematic 
reviews and meta-analyses comparing 
NSAIDs and opioids (ie, tramadol) to a 
placebo comparator and exercise thera-

py to control interventions (such as no 
intervention, wait-list control, patient 
education, ultrasound, etc).15,41,45 From 
these sources, 45 trials compared exer-
cise therapy to control interventions, 46 
compared NSAIDs to placebo, and 10 
compared opioids (ie, tramadol) to pla-
cebo (SUPPLEMENTAL TABLE 3).

Similarity of Study Populations
The populations in trials across treat-
ments were similar with respect to mean 
age, sex distribution, knee OA severity, 
and baseline pain. However, knee OA 
severity and baseline pain were only re-
ported in a limited number of trials.

Results of the Network Meta-analysis
All active treatments (ie, exercise thera-
py, NSAIDs, and opioids) showed small-
to-moderate treatment effects (SMD, 
0.27-0.45) compared with placebo/control 
treatment (FIGURE 2 and TABLE 1). The 

treatment effect of NSAIDs on knee OA 
pain was similar to that of opioids (SMD, 
0.02; 95% CI, −0.14 to 0.18; correspond-
ing to 0.3 mm on a 0- to 100-mm VAS 
pain scale), with low confidence in the 
estimate. Exercise showed a larger ef-
fect compared with NSAIDs (SMD, 0.54; 
95% CI, 0.19 to 0.89; corresponding to 
9.1-mm VAS pain), with very low confi-
dence in the estimates due to study limi-
tations, inconsistency, and indirectness. 
All estimated SMDs were mixed estimates 
(ie, a combination of direct and indirect 
comparisons). Exercise had the highest 
probability of ranking as the “best” in-
tervention in the network meta-analysis, 
followed by NSAIDs and opioids, and 
control intervention ranked “worst,” with 
low confidence in the ranking (TABLE 2). 

Pairwise Comparisons
In the 11 trials with a direct comparison 
between opioids and NSAIDs, we found 

Identification of additional studies for "external anchor" in NMA

FIGURE 1. Flow of included trials. Abbreviations: NMA, network meta-analysis; NSAIDs, nonsteroidal anti-inflammatory drugs; OA, osteoarthritis; RCT, randomized controlled trial.
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no difference in the treatment effect on 
knee OA pain (SMD, 0.03; 95% CI, −0.13 
to 0.18; I2 = 31.8%) (FIGURE 3). In the 
2 trials investigating a direct comparison 

between NSAIDs and exercise therapy, 
we found a large SMD in favor of exer-
cise, but with wide CIs crossing the line of 
no effect and considerable heterogeneity 

(SMD, 0.80; 95% CI, −0.19 to 1.79; I2 = 
90.7%) (FIGURE 4). 

Inconsistency in the Network 
Meta-analysis
The network meta-analysis did not 
provide a valid estimate for the com-
parison between exercise and opioids, 
as no trials with direct comparison were 
found and consistency was not reached 
(FIGURE 2 and TABLE 1). Side-split tables 
revealed the largest difference between 
direct and indirect estimates in com-
parisons with exercise. The estimates in 
the network meta-analysis were domi-
nated by trials comparing to placebo/
control (SUPPLEMENTAL FIGURE 1), and the 
network meta-analysis showed consider-
able inconsistency (F[2, 109] = 4.78, P = 
.010). When we excluded 1 trial compar-
ing exercise therapy with NSAIDs, which 
had extreme results from the network 
meta-analysis,48 we observed overall 
model consistency (P = .709) while the 
estimates remained essentially the same.

Subgroup Analysis
In additional analyses, stratified by OA 
classification (only patients with knee 

	

TABLE 1
Results From Network Meta-analysis Comparing Placebo/Control Interventions, 

Exercise Therapy, NSAIDs, and Opioids for Knee Osteoarthritis Paina

Abbreviations: CI, confidence interval; NSAIDs, nonsteroidal anti-inflammatory drugs; SMD, standardized mean difference; VAS, visual analog scale.
aOverall network meta-analysis heterogeneity, F test: F(2, 109) = 4.78, P = .01 and I2 = 6.6%.
bEvidence mainly from trials with high risk of bias. 
cInconsistency (ie, difference between direct and indirect evidence or difference in estimates of the included trials). 
dConfidence interval includes values favoring either treatment. 
eStudy limitation (ie, almost 60% of the included trials were judged high risk of bias).
fInconsistency (ie, inconsistency in the overall network meta-analysis).

Comparison SMD (95% CI)
SMD Converted to mm 
VAS Pain (95% CI)

No. of Trials 
With Direct 
Comparison

SMD 
Favors

Nature of 
Evidence Confidence Downgrading Due to

Exercise vs control 0.45 (0.31 to 0.59) 7.6 (5.2 to 10.0) 45 Exercise Mixed Low Study limitation,b inconsistencyc

NSAIDs vs placebo 0.31 (0.27 to 0.35) 5.2 (4.6 to 5.9) 46 NSAIDs Mixed Moderate Inconsistencyc

Opioids vs placebo 0.27 (0.18 to 0.35) 4.6 (3.0 to 5.9) 10 Opioids Mixed Low Study limitation,b inconsistencyc

Exercise vs NSAIDs 0.54 (0.19 to 0.89) 9.1 (3.2 to 15.0) 2 Exercise Mixed Very low Study limitation,b inconsistency,c 

imprecisiond

Exercise vs opioids NA NA NA NA None NA NA

NSAIDs vs opioids 0.02 (−0.14 to 0.18) 0.3 (−2.4 to 3.0) 11 Opioids Mixed Low Study limitation,b imprecisiond

Ranking of the  
treatment

Low Study limitation,e inconsistencyf

FIGURE 2. Graphic presentation of comparisons between control interventions (placebo or control), exercise 
therapy, nonsteroidal anti-inflammatory drugs (NSAIDs), and opioids with standardized mean differences, 95% 
confidence intervals, and number of trials (n). No estimate available for exercise therapy vs opioids. *, favor 
exercise therapy; **, favor NSAIDs; ***, favor opioids.
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OA or patients with mixed knee and hip 
OA), age (over or under 61 years), and 
percentage of female participants in the 
study (over or under 70%), the estimates 
remained essentially the same (SUPPLE-

MENTAL TABLE 4).

Adverse Events
AEs were not consistently reported in the 
included trials, precluding meaningful 
summary measures. In trials comparing 
NSAIDs with opioids, a larger propor-

tion of patients who received opioids 
reported experiencing AEs, and more 
patients dropped out for this reason. For 
an overview of the number and types of 
AEs, please refer to SUPPLEMENTAL TABLE 5.

Risk of Bias
One trial33 had low risk of bias for all do-
mains, and 2 trials7,36 were considered 
low on all domains except “other bias,” 
as these trials were sponsored by phar-
maceutical companies or had authors 

who were employed by pharmaceutical 
companies. Many trials were scored as 
having high risk of bias or unclear risk 
of bias for “blinding of participants and 
personnel” (6/13 trials),1,14,27,29,34,48 “blind-
ing of outcome assessment” (6/13 tri-
als),1,14,27,29,34,48 “incomplete outcome data” 
(6/13 trials),1,5,11,13,34,48 and “selective out-
come reporting” (9/13 trials).1,5,11,13,14,27,34,35,48  
Between 5 and 8 trials had high risk of 
bias or uncertain risk on the remaining 
domains (SUPPLEMENTAL TABLE 6). Risk-of-
bias assessment of the trials included to 
provide the external anchor is reported 
in SUPPLEMENTAL TABLES 7-9. An inspection 
of the funnel plot did not indicate a se-
vere risk of publication bias for the over-
all network meta-analysis and pairwise 
comparisons (SUPPLEMENTAL FIGURE 2).

DISCUSSION

W
e were unable to identify any 
trials with direct comparison 
between exercise therapy and 

opioids for knee OA pain and could 
not provide any valid estimate for this 
comparison. Eleven trials investigated 

TABLE 2
Relative Ranking of Individual Treatments 
Estimated From the Network Meta-analysis

Abbreviations: NSAIDs, nonsteroidal anti-inflammatory drugs; SUCRA, surface under the cumulative 
ranking curve.
aControl: Placebo or control interventions.

Treatment

Ranking Exercise NSAIDs Opioids Controla

Best 100.0 0.0 0.0 0.0

2nd 0.0 85.5 14.5 0.0

3rd 0.0 14.5 85.5 0.0

Worst 0.0 0.0 0.0 100.0

Mean rank 1.0 2.1 2.9 4.0

SUCRA 1.0 0.6 0.4 0.0

FIGURE 3. Results from the analysis of direct comparison of included trials comparing nonsteroidal anti-inflammatory drugs (NSAIDs) with opioids. Abbreviations: CI, confidence 
interval; REML, restricted maximum likelihood.
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NSAIDs vs opioids for knee OA pain, 
and the estimates from our network 
meta-analysis suggested similar pain-
relieving effects, but with low confidence 
due to study limitations and imprecision. 
Exercise appeared superior for pain relief 
than NSAIDs, corresponding to 9.1 mm 
on a 0- to 100-mm VAS pain scale. How-
ever, this is unlikely to represent a clini-
cally meaningful difference.17,46 We have 
very low confidence in this estimate due 
to trial limitations (ie, only 2 high-risk-
of-bias trials with direct comparison), 
inconsistency, and imprecision (ie, CIs 
overlapping the line of no effect). All 3 
interventions showed small-to-moderate 
treatment effects when compared with 
placebo or control interventions. All es-
timates should be interpreted with cau-
tion, as estimates were driven by indirect 
comparisons, which highlights the need 
for trials comparing exercise therapy with 
NSAIDs and opioids.

A previous review attempting to 
compare the treatment effect of exercise 
therapy with analgesics for knee OA pain 
generally found no difference between 
interventions.20 However, all estimates 
were based on indirect comparisons. We 
build on these findings by including tri-
als with direct comparison between in-
terventions. We initially aimed to only 
include trials with direct comparison be-
tween the 3 investigated interventions, 
but we had to adjust this strategy as we 
only found a limited number of trials with 
direct comparisons. To create an external 
anchor for the comparison in the network 

meta-analysis, we included data from rel-
evant systematic reviews comparing opi-
oids and NSAIDs to placebo as well as 
exercise therapy to control interventions 
(ie, active non-exercise intervention or 
no treatment including wait list). Thus, 
all estimates in this study are based on a 
mix of direct and indirect comparisons, 
and we could not provide any estimate 
comparing exercise therapy with opioids.

Comparison of Estimates From Network 
Meta-analyses With and Without  
External Anchor
Estimates from the analysis of NSAIDs 
vs opioids based on the network meta-
analysis (SMD, 0.02) and the meta-
analysis including direct comparisons 
alone (SMD, 0.03) for knee OA pain 
were similar. We found a considerable 
difference in the size of the estimates 
in the network meta-analysis with only 
direct comparisons for exercise therapy 
vs NSAIDs (SMD, 0.80) compared with 
the network meta-analysis including the 
external anchor (SMD, 0.54). The main 
reason for this discrepancy was that only 
2 high-risk-of-bias trials were included in 
the direct comparison between exercise 
therapy (involving lower limb strength-
ening) and NSAIDs, with extreme results 
reported in 1 of these trials, resulting in 
high heterogeneity.   

Risk of Harm
Use of NSAIDs for treating OA pain is 
associated with risk of harm. The risk 
of harm is greater with opioids, which 

also have a substantial addiction po-
tential.10,12,37,45 On the contrary, exercise 
therapy for knee OA pain has minimal or 
no risk of AEs31,38 and is therefore unani-
mously recommended by international 
clinical guidelines as first-line treatment 
for all patients with knee OA.30 How-
ever, quality-of-care utilization studies 
report that exercise therapy as treatment 
is greatly underprescribed.32 4 Too many 
patients with OA are missing out on 
guideline-recommended first-line treat-
ment, as they are directed to second-line 
pharmacological treatment.

Ranking Treatments
Our analyses ranked exercise first (low 
confidence) and suggested that exercise 
therapy may yield superior treatment 
effects to NSAIDs (compared head-to-
head) and better treatment effects than 
NSAIDs and opioids when compared 
with placebo/control interventions for 
knee OA pain. This ranking suggests that 
a potential to reverse from second-line 
pharmacological care to first-line treat-
ment with exercise therapy may exist for 
patients using NSAIDs and opioids, par-
ticularly those who initially missed out on 
proper first-line care. This is important 
for clinicians when considering treat-
ment options for patients with knee OA 
pain who are using analgesics.

Limitations
We identified only a limited number of 
trials reporting direct comparisons be-
tween the investigated interventions. 

FIGURE 4. Results from the analysis of direct comparison of included trials comparing nonsteroidal anti-inflammatory drugs (NSAIDs) with exercise therapy. Abbreviations: CI, 
confidence interval; REML, restricted maximum likelihood.
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