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steoarthritis affects more than 500 million people
around the world, and it is a leading cause of disability.1
Non-
pharmacological strategies, such as exercise and
maintaining a healthy weight, are recommended for first
line management, as are simple analgesics, such as non-
steroidal anti-inflammatory drugs (NSAIDs) and paracetamol
(acetaminophen).2 However, advice on using opioid analgesics
to treat the pain of knee and hip osteoarthritis is inconsistent;3,4
opioids are often prescribed, including for about 40% of people
with knee osteoarthritis in the United States.5
Systematic reviews of placebo-controlled trials of the effectiveness
of opioids for treating osteoarthritis pain have been limited in
scope. For example, one evaluated only opioid treatments of at
least four weeks’ duration,6 while a second was restricted to oral
opioid therapy.7 GRADE ratings were not always reported in the
abstract or conclusions, and the validity of opioid dose–response
analyses were sometimes unclear.8 One review excluded
tramadol because it had been examined in a separate review.9
We therefore undertook a systematic review to provide a
comprehensive evaluation of the efficacy and safety of opioid
analgesic therapy regimens for people with osteoarthritis, and
to explore dose–effect relationships.

Methods
We searched MEDLINE, EMBASE, the Cumulative Index to
Nursing and Allied Health Literature (CINAHL), PsycINFO, the
Allied and Complementary Medicine Database (AMED), the
Cochrane Database of Systematic Reviews, and the Cochrane
Central Register of Controlled Trials (CENTRAL) for eligible
randomised controlled trials (RCTs) published in any language in
peer-reviewed journals to 31 October 2020 (Supporting Information,
table 1). To avoid overestimating treatment effects,10 we also
searched the World Health Organization International Clinical
Trials Registry (https://trialsearch.who.int) for unpublished trials.
We screened the reference lists of retrieved publications to identify
further RCTs. Our systematic review was prospectively registered
with PROSPERO (CRD420191142813; 16 October 2019).

We included RCTs in which the analgesic effect of an opioid was
compared with that of placebo in people with osteoarthritis of any
type (knee, hip, hand, spine) of any duration. All single ingredient
and combination opioid-
containing analgesic regimens were
included, regardless of opioid dose and administration route.
We did not include trials in which the effect of opioid therapy

Abstract
Objective: To evaluate the efficacy and safety of opioids for
analgesic therapy for people with osteoarthritis.
Study design: Systematic review and meta-analysis of randomised,
placebo-controlled trials of opioid therapies for treating the pain
of osteoarthritis. The primary outcome was medium term pain
relief (six weeks to less than 12 months). Quality of evidence was
assessed with GRADE criteria.
Data sources: MEDLINE, EMBASE, the Cochrane Database of
Systematic Reviews and Central Register of Controlled Trials,
CINAHL, PsycINFO, AMED, and the WHO International Clinical Trials
Registry; trials published to 31 October 2020.
Data synthesis: We extracted pain, disability, health-related
quality of life, and adverse events data for 36 eligible trials (overall
dose range: 10‒210 oral morphine milligram equivalents [MME]
per day). Continuous pain and disability outcomes were converted
to common 0–100-point scales; changes of less than ten points
were deemed to be very small effects. Differences in dichotomous
outcomes were expressed as risk ratios. Data were pooled for
meta-analysis in random effects models. The evidence from 19
trials (8965 participants; dose range, 10–126 MME/day) for very
small medium term pain relief (mean difference [MD], –4.59 points;
95% CI, –7.17 to –2.02 points) was low quality, as was that from 16
trials (6882 participants; dose range, 10–126 MME/day) for a very
small effect on disability (MD, –4.15 points; 95% CI, –6.94 to –1.35
points). Opioid dose was not statistically significantly associated
with either degree of pain relief or incidence of adverse events in a
meta-regression analysis. Evidence that opioid therapy increased
the risk of adverse events (risk ratio, 1.43; 95% CI, 1.29‒1.59) was of
very low quality.
Conclusions: Opioid medications may provide very small pain and
disability benefits for people with osteoarthritis, but may also
increase the risk of adverse events.
PROSPERO registration: CRD42019142813 (prospective).

was compared with other treatments but not with placebo. Trials
including a range of pain conditions were eligible if data for
participants with osteoarthritis could be extracted.
Study selection
Three authors (CAS, WA, GZ) independently screened the
titles and abstracts and read the full text of potentially eligible
publications; disagreements were resolved by consensus.
Data extraction and management
Two authors from a pool of four authors (WA, GZ, CAS, SEG)
independently extracted study and participant characteristics
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and outcomes data. They also assessed the risk of bias with the
Cochrane Collaboration tool;11 each of the seven risk items were
rated high, low, or unclear. Disagreements were resolved by
consensus.
The major outcome of interest was pain intensity measured using
a visual analogue scale, numeric rating scale, or other continuous
measure. We also extracted data on disability (Western Ontario
and McMaster Universities Osteoarthritis Index [WOMAC]
physical function scale), health-related quality of life (36-item
Short Form health survey [SF-36], the European Quality of Life
scale, or the Patient Generated Index), and adverse events.
Outcomes were classified as immediate (follow-up less than two
weeks after randomisation), short (two to less than six weeks),
medium (six weeks to less than 12 months), or long term (12
months or more). The primary outcome for our analysis was
medium term pain relief.
Continuous outcomes were converted to a 0–100 scale, and we
report mean differences (MDs) in outcomes (not standardised
mean differences) with 95% confidence intervals (CIs). We
classified between-group differences of 0–9 points as very small,
10–19 points as small, 20–29 points as moderate, and differences
of 30 points or more as large. If authors reported both mean
follow-up and mean change scores, we report the follow-up mean
scores and standard deviations (SDs) if the baseline group scores
were similar. For dichotomous outcomes, we report relative risks
(RRs) with 95% CIs.
We extracted data for adverse events, and the numbers of trial
participants receiving opioid therapy who withdrew during
the run-in (for enriched trial designs) or trial phases because of
adverse events or lack of efficacy, or who were lost to follow-up.
Missing data were imputed using methods described in the
Cochrane handbook for systematic reviews.12
We assessed trial heterogeneity (in terms of the characteristics
of participants, interventions, outcome measures, and timing of
outcome measurement) by visual inspection of forest plots and
with the I2 statistic.
Statistical analyses were conducted in R 4.0.3 (R Foundation
for Statistical Computing) and R Studio 1.2.1093 (https://www.
rstudio.com/products/rstudio).
Data synthesis
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We pooled outcomes data using restricted maximum likelihood
estimation in random effects meta-analysis models. Three-level
mixed effects models (fitted in R with the metafor 3.0-1 package13)
accounted for the non-independence of effect sizes from the
same study or comparator group, and assumed a compound
symmetry covariance structure.
We used meta-
regression in the same three-
level models to
evaluate associations of opioid dose with medium term impact
on pain and adverse events. Single ingredient opioid analgesic
doses were converted to oral morphine milligram equivalent
(MME) doses14 and log-transformed prior to meta-regression.
In our primary meta-
analysis, we assessed the pooled effects
of all single ingredient opioid analgesics. In a separate analysis,
we calculated treatment effect sizes for combination analgesics
including an opioid and a simple analgesic (paracetamol or NSAID).
Quality of evidence
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We used the Grading of Recommendations, Assessment,
Development and Evaluations (GRADE) criteria15 to evaluate the

overall quality of evidence. Quality of evidence was downgraded
one level for each of four factors:

■ limitation in study design: the risk of bias was high (one or
more domains were judged to be at high risk) for more than
one-quarter of studies included in an analysis;11

■ inconsistency of results: statistical heterogeneity was large
(I2 > 50%);16

■ imprecision: confidence interval width was greater than ten

points (continuous outcomes) or included zero (dichotomous
outcomes); and

■ publication bias: assessed by funnel plot analysis or with the
Egger regression test17 (for ten or more studies).

Overall quality of evidence was classified as high, moderate,
low, or very low (Supporting Information, table 2).13
Sensitivity analyses
We conducted sensitivity analyses that assessed the impact on
treatment effects of opioid formulation (modified or immediate
release preparations) and study design (standard or enriched), to
compare the effects of tramadol with those of other opioids, and
to assess the effects of industry funding, trial report type (peer-
reviewed publication or unpublished), and the use of rescue
medication.
Protocol amendments after PROSPERO registration
We conducted sensitivity (rather than subgroup) analyses of the
effects of formulation and study design. The tramadol sensitivity
analysis was added because the medication is recommended by
some guidelines for people with osteoarthritis.4 The sensitivity
analyses of the effects of industry funding, trial report (peer-
reviewed publication or unpublished), and the use of rescue
medication were added after PROSPERO registration.

Results
We initially identified 2286 relevant publications, of which 74
were deemed potentially eligible after abstract review; 38 were
excluded after reviewing the full text, and 36 publications (all
in English) were included in our analysis18-53 (Box 1; Supporting
Information, tables 3 and 4).
Study participants
The eligible trials included people with high pain levels; the
median score at baseline for all included trials was 72.0 points
(interquartile range [IQR], 61.7–75.8 points). A median of 42% of
participants in all opioid trial arms (IQR, 33–52%) and of 40%
of participants in the control arms (IQR, 24–48%) discontinued
participation during trial phases. The most frequent reasons for
withdrawal from the opioid arms were adverse events (median,
24% of participants; IQR, 15–30%), lack of efficacy (median, 7.8%;
IQR, 3.8–11%), and other reasons (loss to follow-up, protocol
violation: median, 6.8%; IQR, 3.6–12%) (Supporting Information,
table 5 and figure 1).
Treatment regimens
The included studies evaluated oral or transdermal opioid analgesic
medications (modified release formulations) for people with
osteoarthritis, chiefly of the knee, hip, or both. The opioid analgesics
evaluated were tramadol, oxycodone, tapentadol, hydromorphone,
codeine, buprenorphine, fentanyl, oxymorphone, tramadol/
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1 Selection of publications for inclusion in our analysis

day) for a very small short term effect (MD, –6.38 points; 95%
CI, –8.45 to –4.30 points) (Supporting Information, tables 8
and 9; figures 2 and 3).
Four studies18,20,25,27 compared the effects of combinations
of opioids and simple analgesics with that of placebo.
Moderate quality evidence suggested that 6 × 200 mg
ibuprofen/30 mg codeine per day has a small effect in the
immediate term on hip osteoarthritis pain (MD, −19.0 points;
95% CI, −31.2 to −6.8 points),18 and low quality evidence that
tramadol/acetaminophen provides very small pain relief
in the immediate25 and medium terms.25,27 Low quality
evidence from one trial20 suggested that 4 × 5 mg oxycodone
(immediate release)/325 mg acetaminophen per day provides
small short term pain relief (MD, –17.0 points; 95% CI, –30.3
to –3.72 points).
Treatment effects: disability

AMED = Allied and Complementary Medicine Database; CINAHL = Cumulative Index to Nursing
and Allied Health Literature.

◆

acetaminophen, oxycodone/acetaminophen, and ibuprofen/
codeine; five studies evaluated transdermal buprenorphine or
fentanyl.34-36,43,45 Doses ranged from 10 to 210 MME per day,
treatment duration from one day (200 mg ibuprofen/30 mg codeine,
for hip osteoarthritis) to 12 weeks; 15 studies18-22,24,25,28,29,31,33,35,39,41,45
reported treatment durations of four weeks or less, with regular (ie,
not “when required”) regimens (Supporting Information, tables 3
and 6).
Trial characteristics

Treatment effects: pain
For the primary outcome (medium term pain relief), the evidence
from 19 trials23,26,30,32,34,36-38,40,42-44,46,48-53 (8965 patients; dose
range, 10–126 MME/day) for a very small effect (MD, –4.59 points;
95% CI, –7.17 to –2.02 points) was low quality (Box 2; Supporting
Information, table 8). There was moderate quality evidence
from 13 trials19,21,22,24,26,28,29,32,34,42,48,50,53 (5320 patients; dose
range, 10–126 MME/day) for a very small immediate effect (MD,
–4.90 points; 95% CI, –6.46 to –3.34 points), and from 19 trials20-
22,24,26,28-35,41,42,45,48,50,53
(6949 patients; dose range, 10–210 MME/

Treatment effects: quality of life
Opioids had no statistically significant effect on mean SF-
36
mental component scores in the short and medium terms. They
had a very small effect on the SF-36 physical component score
in the short term (two trials;31,33 824 patients; MD, 3.05 points;
95% CI, 1.13–4.97 points) and medium term (five trials;32,34,42,46,50
3525 patients; MD, 0.70 points, 95% CI, 0.04–1.37 points). Only one
study30 (107 patients) found a favourable medium term effect of
controlled-release oxycodone on quality of life (76 MME/day)
measured with the Patient Generated Index (MD, 11.5 points; 95%
CI, 2.37–20.6 points) (Supporting Information, tables 8 and 12).
Adverse events
There
was
very
low
quality
evidence
from
16
studies26,30,32,34,36,38,40,42-44,46,48–51,53 (8482 patients) that opioids (dose
range, 10–126 MME/day) increased the risk of adverse events at
medium term follow-up (v placebo: RR, 1.43; 95% CI, 1.29–1.59). In
these 16 studies, 3871 of 5349 people in the opioid arms (72.4%)
and 1560 of 3133 in the control arms (49.8%) had experienced
adverse events, most frequently gastrointestinal events (nausea,
vomiting, constipation, diarrhoea); other common side effects
were dry mouth, fatigue, pruritus, somnolence, dizziness, and
headache (Supporting Information, tables 8, 13, 14; figure 4). In five
trials that compared tramadol with placebo,26,32,38,40,46 1493 of 2192
people in the tramadol arms (68.1%) and 469 of 981 in the placebo
arms (47.8%) reported adverse events (RR, 1.34; 95% CI, 1.22–1.48).
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For all but two studies25,28 the risk of bias was rated as high
(Supporting Information, table 7). The longest follow-
up
period was 16 weeks;51 19 trials had follow-up periods of 12
weeks.23,26,27,30,32,36-38,40,42-44,46-51,53 Treatment duration was
usually the same length as the follow-up period (Supporting
Information, table 3). Four trials36,37,44,47 had enrichment trial
designs, whereby patients who completed an open label run-in
phase during which they tolerated and responded to the opioid
medication were included in the trial phase.

Evidence from 16 trials23,26,30,32,34,38,40,42-44,46,48-51,53 (6882
patients; dose range, 10–
126 MME/day) for a very small
medium term effect on disability as assessed with the
WOMAC physical function scale (MD, –4.15 points; 95% CI,
–6.94 to –1.35 points) was low quality. There was moderate
quality evidence from three trials24,32,46 (2105 patients; dose
range, 10–40 MME/day) for a very small immediate effect
(MD, –4.11 points; 95% CI, –6.92 to –1.30 points), and from eight
trials21,24,30-33,46,50 (3394 patients; dose range 10–210 MME/
day) for a very small short term effect (MD, –5.84 points;
95% CI, –7.90 to –3.79 points) (Box 3; Supporting Information,
tables 8 and 10). The effect of opioids on WOMAC total score
was very small at each time point (Supporting Information,
tables 8 and 11).

Meta-regression analyses
In meta-regression analyses, the associations of log(MME dose)
with pain relief (19 trials;23,26,30,32,34,36-38,40,42-44,46,48-53 8965 patients;
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2 Medium term effects of opioid medications on pain in people with osteoarthritis pain: estimated mean differences (MDs) with 95%
confidence intervals (CIs)*

CR = controlled release; ER = extended release; IR = immediate release.* I2 = 69%.

◆

regression coefficient, 0.92; 95% CI, –6.58 to 8.41) and adverse
events at medium term follow-
up (16 trials26,30,32,34,36,38,40,42-
44,46,48– 51,53
; 8482 patients; regression coefficient, 0.08; 95% CI,
–0.17 to 0.33) were not statistically significant (Box 4; Supporting
Information, table 8). The evidence for these findings was of very
low quality.

Sensitivity analyses
Sensitivity analyses indicated that the medium term effects of
tramadol on pain (–8.13 points; 95% CI, –11.8 to –4.51 points) and
disability (–7.44 points; 95% CI, –12.7 to –2.16 points respectively)
were statistically significant, as were the medium term effects
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3 Medium term effects of opioid medications on disability in people with osteoarthritis: estimated mean differences (MDs) with 95%
confidence intervals (CIs)*
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CR = controlled release; ER = extended release; IR = immediate release; PR = prolonged release.* I 2 = 76%.

◆
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4 Meta-regression of the relationships between the log-transformed morphine milligram equivalent (MME) dose and medium term
pain treatment effect (A) and adverse events (B)*

* Each circle represents an eligible comparison in the included publications (the number of comparisons exceeded the total number of publications for each outcome); circle size is proportional
to sample size. The dashed lines encloses the 95% confidence region. The regression equations are: Y = –6 .0 + 0.92*log(MME dose) (A); Y = 0.23 + 0.08*log(MME dose) (B).

◆

of immediate release preparations on pain (–9.50 points; 95%
CI, –19.0 to –0.04 points ); the effects, however, were very small
(Supporting Information, table 15).

Discussion
We found moderate to low quality evidence that opioid
medications have very small effects on pain and disability
in people with osteoarthritis up to three months after the
initiation of therapy. The incidence of adverse events, including
gastrointestinal and central nervous system effects, was higher
for people receiving opioids than for those receiving placebo,
but evidence that opioids increase the risk of adverse events in
the medium term was of very low quality. Meta-regression did
not indicate a significant association between opioid medication
dose (range, 10–126 MME/day) and pain relief or the incidence
of adverse events at medium term follow-up.

However, combinations of low dose opioids with simple
analgesics may have beneficial synergistic effects. For example,
the 95% confidence intervals for the pain relief achieved by low
dose codeine with ibuprofen and low dose oxycodone with
acetaminophen included large effects (more than 30 points).
For some people with osteoarthritis, short term use of these
combination analgesics may be a reasonable option; however,
this finding was based on a small number of studies.
The pattern of prescribing during the first month of opioid
therapy is critical for the future risk of persistent use, which

Guideline recommendations regarding the use of opioids for
treating osteoarthritis pain are inconsistent. Our findings
indicate that opioids provide pain relief similar to that of
paracetamol,57 and their benefit is almost half that achieved by
NSAIDs (a conclusion, however, based on indirect comparisons),58
challenging beliefs that simpler analgesics are less effective than
opioids for people with common musculoskeletal conditions.
Strengths and weaknesses
Our systematic review is the largest and most comprehensive
of opioid therapy for osteoarthritis pain. The most recent
review of this topic, for instance, included only 18 trials.7 Earlier
reviews have excluded tramadol studies,9 evaluated only oral
preparations,8 or included only treatment regimens of more than
one month.6 Further, review authors have generally reported
outcomes as standardised mean differences (ie, proportions of
standard deviations), whereas we present mean differences on
a common 0–100 pain scale to facilitate easier interpretation by
clinicians and patients.
However, study heterogeneity was high for the assessments of
some effects. Opioid regimens ranged from one day to 12 weeks
in duration, and dosage from 10 to 210 MME/day. Further, risk
of bias was high for all but two trials,25,28 and some trials had
enrichment design that may have led to more optimistic effect
estimates, as only participants who responded to and tolerated
the medicine during the run-in phase entered the main trial
phase. Enrichment trial designs and high participant withdrawal
rates during main trial phases meant that our effect estimates
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Our review is the first systematic review of therapy for people with
osteoarthritis to conclude that single ingredient opioid medications
provide very small immediate, short, and medium term benefits,
and that opioid dose (in the range examined) may not influence
pain relief in the medium term. This is in contrast to conventional
thinking that higher doses are more beneficial, and our findings
should discourage the prescribing of stronger opioid analgesics
(ie, higher MME equivalence) for people with severe osteoarthritis
pain. Given their very small effects, the appropriateness of single
ingredient opioids for managing osteoarthritis is debatable. Our
findings also indicate that the association between opioid dose
and medium term risk of adverse events is unclear.

is particularly high for long-acting opioid preparations.54 As
many as 25% of people with osteoarthritis who commence
opioid analgesic therapy are still taking them one year later.55
Another problem is that osteoarthritis, as a chronic disease,
is often treated with modified release opioid preparations; 26
studies included in our review evaluated such preparations.
Modified release preparations are taken regularly to moderate
the variation between peak and trough levels, providing more
consistent pain relief. As they are typically taken “regularly to
control pain”56 rather than as required, it can be very difficult for
patients to stop using them.54
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are based upon outcomes for about half of the participants who
entered these trials. Finally, most of the included studies were
undertaken in the United States, and country-
specific ethnic,
cultural, or health service features may have influenced outcomes.
Conclusion
Opioid medications may provide people with osteoarthritis very
small benefits but also may increase the risk of adverse events.
The association between opioid dose, pain relief, and risk of
adverse events requires further evaluation. Alternative pain
management strategies for people with osteoarthritis should be
investigated, as well as opioid-sparing and tapering strategies
for those being treated with opioids.
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