
Effect of a Postoperative Multimodal Opioid-Sparing Protocol
vs Standard Opioid Prescribing on Postoperative Opioid Consumption
After Knee or Shoulder Arthroscopy
A Randomized Clinical Trial
The NO PAin Investigators

IMPORTANCE In arthroscopic knee and shoulder surgery, there is growing evidence that
opioid-sparing protocols may reduce postoperative opioid consumption while adequately
addressing patients’ pain. However, there are a lack of prospective, comparative trials
evaluating their effectiveness.

OBJECTIVE To evaluate the effect of a multimodal, opioid-sparing approach to postoperative
pain management compared with the current standard of care in patients undergoing
arthroscopic shoulder or knee surgery.

DESIGN, SETTING, AND PARTICIPANTS This randomized clinical trial was performed at 3 clinical
sites in Ontario, Canada, and enrolled 200 patients from March 2021 to March 2022 with final
follow-up completed in April 2022. Adult patients undergoing outpatient arthroscopic
shoulder or knee surgery were followed up for 6 weeks postoperatively.

INTERVENTIONS The opioid-sparing group (100 participants randomized) received a
prescription of naproxen, acetaminophen (paracetamol), and pantoprazole; a limited rescue
prescription of hydromorphone; and a patient educational infographic. The control group
(100 participants randomized) received the current standard of care determined by the
treating surgeon, which consisted of an opioid analgesic.

MAIN OUTCOMES AND MEASURES The primary outcome was postoperative oral morphine
equivalent (OME) consumption at 6 weeks after surgery. There were 5 secondary outcomes,
including pain, patient satisfaction, opioid refills, quantity of OMEs prescribed at the time of
hospital discharge, and adverse events at 6 weeks all reported at 6 weeks after surgery.

RESULTS Among the 200 patients who were randomized (mean age, 43 years; 73 women
[38%]), 193 patients (97%) completed the trial; 98 of whom were randomized to receive
standard care and 95 the opioid-sparing protocol. Patients in the opioid-sparing protocol
consumed significantly fewer opioids (median, 0 mg; IQR, 0-8.0 mg) than patients in the
control group (median, 40.0 mg; IQR, 7.5-105.0; z = −6.55; P < .001). Of the 5 prespecified
secondary end points, 4 showed no significant difference. The mean amount of OMEs
prescribed was 341.2 mg (95% CI, 310.2-372.2) in the standard care group and 40.4 mg
(95% CI, 39.6-41.2) in the opioid-sparing group (mean difference, 300.8 mg; 95% CI,
269.4-332.3; P < .001). There was no significant difference in adverse events at 6 weeks
(2 events [2.1%] in the standard care group vs 3 events [3.2%] in the opioid-sparing group),
but more patients reported medication-related adverse effects in the standard care group
(32% vs 19%, P = .048).

CONCLUSIONS AND RELEVANCE Among patients who underwent arthroscopic knee or
shoulder surgery, a multimodal opioid-sparing postoperative pain management protocol,
compared with standard opioid prescribing, significantly reduced postoperative opioid
consumption over 6 weeks.

TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCT04566250
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E xcessive opioid prescribing has been a major con-
tributor to the ongoing opioid epidemic that started in
North America and has spread globally.1,2 Due to their po-

tent analgesic effects, opioids have been widely used for post-
operative pain control following orthopedic surgery.3 As of 2018,
orthopedic surgeons have been identified among the highest
prescribers of opioids and routinely prescribe in excess of the
recommended guidelines.3,4 Given that a proportion of opioid-
naive patients undergoing orthopedic surgery become chronic
opioid consumers postoperatively, perioperative prescribing
patterns have important long-term implications.5

Shoulder and knee arthroscopy have been among the most
commonly performed surgical procedures, with more than 1 mil-
lion procedures performed yearly in the United States alone
based on data from 2006 to 2016.6 Opioids have been the pri-
mary analgesic of choice postoperatively among surgeons.7

There remains significant variability in prescribing patterns, with
most patients receiving excessive opioids postoperatively.3,7-9

The opioid epidemic has prompted a recent emphasis on
investigating nonopioid alternatives for pain management
among patients undergoing arthroscopic surgery.10 There is evi-
dence that widely available, over-the-counter nonopioid medi-
cations can significantly reduce opioid consumption after ar-
throscopic surgery.11,12 However, the current literature is limited
to small sample sizes, narrow patient populations, ineffec-
tive strategies, or complex postoperative protocols that in-
clude medications with significant adverse effect profiles.13-15

Given the common nature of these procedures and evidence
of excessive opioid prescribing and utilization, an effective,
pragmatic, opioid-sparing postoperative analgesic protocol
would be important to develop.

The primary objective of the current randomized clinical trial
(RCT) was to compare an opioid-sparing postoperative pain pro-
tocolcomposedprimarilyofpatienteducation,nonsteroidalanti-
inflammatorydrugs(NSAIDs),andacetaminophen(paracetamol)
vs the opioid-based current standard care with respect to post-
operative opioid consumption at 6 weeks postoperatively.

Methods
Trial Design
This study was an investigator-initiated, multicenter, paral-
lel, superiority RCT with 1:1 allocation. The rationale, design,
and methods have been published previously and the proto-
col can be found in Supplement 1.16 The Hamilton Integrated
Research Ethics Board approved the trial protocol prior to ini-
tiation, and all participants provided written informed con-
sent prior to study inclusion. The trial was prospectively reg-
istered on ClinicalTrials.gov before the first participant was
recruited and follows the Consolidated Standards of Report-
ing Trials (CONSORT) guidelines.17 No changes in the study
methods were made following trial registration. The statisti-
cal analysis plan [SAP] is available in Supplement 2.

Participants
From March 2021 to March 2022, eligible patients were re-
cruited from 3 academic clinical sites in Hamilton, Ontario,

Canada. Eligible patients included those aged 18 years or older
who were scheduled for elective arthroscopic knee or shoul-
der surgery. The complete list of included procedures can be
found in eTable 1 in Supplement 3. The operations were per-
formed by a group of 8 arthroscopic surgeons, and surgical
decision-making and procedures were at the discretion of the
treating surgeons. In keeping with a pragmatic design, the de-
cision to use regional and/or general anesthetic was made at
the discretion of the treating anesthesiologist and surgeon.
Exclusion criteria consisted of the following: (1) chronic opi-
oid use preoperatively; (2) surgery related to a workers’ com-
pensation claim; (3) operative time was more than 3 hours;
(4) procedure required overnight admission in hospital;
and/or (5) contraindication or allergy to NSAIDs, acetamino-
phen, morphine, or hydromorphone.

Randomization
Eligible patients were randomized immediately prior to sur-
gery using a centralized computer randomization system
(REDCap Cloud) allowing for automated, internet-based ran-
domization to allocate patients to the control or intervention
group in a 1:1 fashion. By using a centralized and automated
randomization system, sequence generation was ensured to
be random and allocation was concealed (Figure 1).

Interventions
In the intervention group, patients received a standardized pro-
tocol that was developed based on the current literature and
in consultation with surgeons, anesthesiologists, periopera-
tive nurses, and pharmacists with expertise in perioperative
care11,18: (1) 500 mg of naproxen taken orally twice a day as-
needed (60, 500-mg tablets) and 40 mg of pantoprazole taken
orally daily while consuming naproxen; (2) 1000 mg of acet-
aminophen taken orally every 6 hours as needed (100, 500-mg
tablets); (3) opioid rescue prescription consisting of 1 mg of hy-
dromorphone taken orally every 4 hours as needed (10, 1-mg
tablets). Patients were instructed to take the opioid only when
the nonopioid protocol was unable to provide adequate pain
relief; and (4) patient educational infographic: provided in-
formation on both pharmacological and nonpharmacological
pain management strategies as well as information regarding
the risks of opioid misuse (eFigure 1 in Supplement 3).

Key Points
Question Does a multimodal opioid-sparing postoperative pain
protocol reduce postoperative opioid consumption compared
with standard opioid prescribing after arthroscopic knee or
shoulder surgery?

Findings In this randomized clinical trial that included 200
patients, a multimodal opioid-sparing postoperative pain protocol,
compared with standard opioid prescribing, significantly reduced
postoperative opioid consumption over 6 weeks (median oral
morphine equivalent consumption, 0 mg vs 40 mg, respectively).

Meaning Among patients who underwent arthroscopic knee or
shoulder surgery, a multimodal opioid-sparing postoperative pain
management protocol significantly reduced postoperative opioid
consumption compared with standard opioid prescribing.
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Patients in the intervention group were prescribed all medi-
cations on an as-needed basis based on pain levels but were
encouraged to use both naproxen and acetaminophen even
when experiencing mild pain in the first week following sur-
gery. After consultation with a perioperative pharmacist as well
as a review of the existing literature, 500 mg of naproxen taken
twice a day was chosen to provide optimal analgesia in the post-
operative setting.19

The standard care group received a postoperative opioid
prescription that aligned with the treating surgeon’s cur-
rent prescribing habits. To mitigate the risk of bias, each
surgeon provided a description of their current prescribing
habits for each of the included procedures prior to begin-
ning patient enrollment in the study. These prescriptions
were kept consistent throughout the duration of the study.
The standard care prescription varied by surgeon and proce-
dure and included oxycodone, codeine, or hydromorphone;
ranged from 20 to 80 tablets; and was prescribed to be
taken on an as-needed basis. Patients in the standard care
group did not receive standardized counseling about the use
of NSAIDs or acetaminophen for minor or moderate postop-
erative pain, and these medications were not routinely pre-
scribed postoperatively for this group. Patients were
allowed to use these over-the-counter medications at their
own discretion.

All patients received a standardized perioperative pain
management protocol, which included: (1) 1000 mg of acet-
aminophen taken orally every 6 hours as needed, (2) 1 dose of
15 to 30 mg of intravenous (IV) ketorolac, (3) 4 to 8 mg of oral
or IV ondansetron every 8 hours as needed for nausea or vom-
iting, (4) 25 to 50 mg of oral or IV dimenhydrinate every 6 hours
as needed for nausea or vomiting, (5) an extra-articular injec-
tion of 10 mL of 0.5% bupivacaine with epinephrine into the
soft tissues surrounding the portal sites, (6) 10 mg of oxyco-
done hydrochloride controlled-release tablet taken orally one
time during recovery or 5 mg of oxycodone regular release, and
(7) 1 mg of hydromorphone taken orally every 4 hours as
needed (or morphine or oxycodone if intolerant or allergic). Pa-
tients who underwent a regional anesthetic block did not re-
ceive a local anesthetic injection intraoperatively. This peri-
operative protocol was the standardized institutional protocol
for patients undergoing arthroscopic surgery.

After randomization, a member of the research team placed
the appropriate postoperative prescription in each patient’s chart
for the surgeon to review and sign prior to patient discharge.
All patients in either group were instructed to contact the trial
methods center if a prescription refill was required or if they were
experiencing adverse effects or pain that was uncontrolled by
their current pain prescription. For urgent issues, the orthope-
dic team on call at each hospital was available.

Figure 1. Recruitment, Randomization, and Patient Flow in the NO PAin Trial

694 Adults undergoing arthroscopic shoulder
or knee surgery assessed for eligibility

494 Excluded
214 Did not meet inclusion criteria

49 Declined participation
231 Other reasons

164 Unable to contact
26 Enrolled in a competing trial
24 Surgery delayed
17 Othera

18 Allergic to study medications

14 Workers’ compensation claim
15 Overnight admission

12 Nonarthroscopic procedures
8 Unlikely to adhere to protocol

15 Other

81 Chronic opioid use 
51 Contraindication to medications

200 Randomized

95 Included in the primary analysis 98 Included in the primary analysis

5 Lost to follow-up (unable to reach patients)
2 Discontinued intervention
1 Delayed workers’ compensation claim filed
1 Conflict with surgeon’s orders

7 Lost to follow-up (unable to reach patients)
1 Withdrew consent

100 Randomized to receive opioid-sparing protocol
95 Received intervention as randomized
5 Did not receive intervention as randomized

(surgery canceled after randomization)

100 Randomized to receive standard care
98 Received intervention as randomized
2 Did not receive intervention as randomized

(surgery canceled after randomization)

a No further details were recorded.
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Outcomes
The primary outcome was total outpatient opioid consump-
tion, at 6 weeks postoperatively. Opioid consumption was
recorded by a patient-reported medication diary. Opioid
quantities were converted to oral morphine equivalents
(OMEs) to allow for data pooling and analysis (eTable 2 in
Supplement 3).20

Secondary outcomes of interest included (1) patient-
reported pain, defined using a 100-point visual analog scale
(VAS; range, 0-100, with 0, no pain; 100, worst pain possible),21

at 6 weeks; (2) number of OMEs prescribed at discharge;
(3) patient-reported satisfaction with pain control using a modi-
fied, 4-point (always, usually, sometimes, never) question from
the Hospital Consumer Assessment of Healthcare Providers and
Systems22 questionnaire at 6 weeks; (4) opioid refill requests
completed from hospital discharge to 6 weeks; and (5) ad-
verse events up to 6 weeks after surgery. The minimally clini-
cally important difference for the VAS score was set at 10 based
on a recent prospective study evaluating postoperative, out-
patient pain scores.23 No changes in trial outcomes were made
after the trial had commenced.

Other prespecified outcomes included patient-reported
pain at 2 weeks postoperatively and patient-reported medi-
cation adverse events. Patient-reported medication adverse ef-
fects were recorded in the daily medication diary collected for
14 days after surgery.

Adverse events were adjudicated by an independent,
blinded adjudication committee composed of 3 orthopedic sur-
geons. Study participants were followed up at 2 and 6 weeks
postoperatively for all primary and secondary outcomes. Pa-
tient follow-up occurred in the orthopedic clinic or by phone
depending on patient availability.

Blinding
Given that a patient educational infographic was provided to
patients in the intervention group, blinding of patients was not
possible. The treating surgeons were also not blinded to treat-
ment groups because they were the prescribing physicians for
the postoperative analgesics. Both outcome assessors and
data analysts were blinded to patient treatment groups. All data
analysis was completed using blinded data prior to unblind-
ing of treatment groups.

Sample Size
The justification for the trial sample size has been previously
published.16 Briefly, based on the published literature, it was
hypothesized that the intervention group would have a rela-
tive reduction in postoperative OME consumption of 33%.
This was based on the prescribed OMEs and on previously
published practice patterns and SDs for OMEs consumed by
patients after undergoing arthroscopic surgery. It was pre-
dicted that the intervention group would consume on aver-
age 20 OMEs and the standard care group would consume
30 OMEs (SAP in Supplement 2).7,24 Assuming an α of .05 and
a β of 80%, the required sample size was 68 patients per
group. To conservatively account for a 30% loss to follow-up
and any crossovers, the sample size was increased to 200
patients in total.25

Statistical Methods
Patients who were randomized but had their surgeries can-
celled were not included in the analysis. All patients who un-
derwent surgery were analyzed according to their randomiza-
tion group and were included in the final analyses. The baseline
characteristics were presented descriptively with means and
SDs for continuous variables, and count and percentage for cat-
egorical variables; 95% CIs were used when presenting pooled,
imputed data.

A full SAP was completed and reviewed by a statistician
prior to data analysis (Supplement 2). The pertinent details of
this SAP16 were also published previously in the study proto-
col and can be found in Supplement 1. The data were as-
sessed for normality, and if this assumption was met, a t test
was to be used; if data were not normal despite log transfor-
mation, a Mann-Whitney U test was to be used. Thus, based
on this approach specified in the SAP, the primary outcome
was analyzed using a Mann-Whitney U Test. A t test was used
for normally distributed, continuous, secondary outcomes. For
categorical secondary outcomes, a χ2 test was performed. Be-
cause of the potential for type I error due to multiple compari-
sons, findings for analyses of secondary end points should be
interpreted as exploratory. Missing data were handled using
multiple imputation, with the use of complete case analysis
and 10 iterations. Mean differences (MDs) are reported with
95% CIs, and medians are reported with IQRs where appro-
priate. For categorical data, odds ratios (ORs) are presented with
95% CIs. All analyses were performed using SPSS (IBM SPSS
Statistics for Mac, version 26).

Three a priori subgroup analyses evaluating sex (men vs
women), joint (knee vs shoulder), and anesthetic strategy
(regional block vs no regional block) were performed using
a Mantel-Haenszel χ2 test with fixed effects.

Post Hoc Analyses
A sensitivity analysis was performed comparing complete cases
vs multiple imputation results for the primary outcome. Sen-
sitivity analyses were also performed to assess the effect of
study site or surgical procedure (using the 5 most common
surgical procedures) on the primary outcome. Study site
and surgical procedure were added as random effects to re-
spective mixed-effect models. Postoperative pain and opioid
consumption were analyzed descriptively and comparatively
between groups for days 0 to 3 postoperatively, using the same
analysis plan used to analyze opioid consumption and pain lev-
els for the primary and secondary outcome analysis. Patient
satisfaction was analyzed using the full scale (1-4, without col-
lapsing into a dichotomous variable).

All statistical analyses were performed as 2-sided tests with
a significance threshold of P < .05.

Results
Participant Flow and Recruitment
A total of 694 patients were screened for eligibility, and 200
patients were randomized, with 100 patients assigned to each
group (Figure 1). Seven patients (2 patients from the control
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group, 5 patients from the intervention group) had their pro-
cedures cancelled after randomization for various reasons un-
related to the trial itself and, thus, were excluded from fur-
ther analysis. For the primary outcome, the follow-up rate was

95.3% (184 of 193) at 2 weeks and 92.2% (178 of 193) at 6 weeks.
Recruitment began in March 2021, and final follow-up was com-
pleted in April 2022.

Baseline Data
The overall mean age of enrolled patients was 43.0 (SD, 15.3)
years. The majority of patients were men (62.2%; 120 of 193),
with similar proportions of men and women in both groups.
The mean body mass index (BMI) was 29.2 (calculated as
weight in kilograms divided by height in meters squared). Most
patients were involved in moderate to vigorous physical ac-
tivity prior to their injury (75.1%; 145 of 193) and employed at
the time of recruitment (71.5%; 138 of 193; Table 1).

Surgical Details
Most patients underwent knee surgery (73.1%; 141 of 193), with
similar proportions between groups. Of the knee surgeries, 93
(48.2%) were meniscectomy, the most commonly performed
procedure, and 25 (13.0%) were biceps tenotomy or tenode-
sis in the shoulder. One hundred eighty-four patients (95.3%)
had a general anesthetic, and 35 (18.1%) also had a regional
block. Mean operative time was 48.6 (SD, 32.0) minutes and
was similar between the 2 groups (Table 2).

Primary Outcome
The mean amount of OMEs consumed at 6 weeks after sur-
gery in the standard care group was 72.6 mg, compared to 8.4
mg in the opioid-sparing group (MD, 64.2 mg; 95% CI, 44.4-
84.0; P < .001). The distribution of OMEs consumed was not
normal, and this remained the case after log transformation.
Thus according to the prespecified SAP, a Mann-Whitney U test
was performed. For the primary analysis of the primary out-
come, patients in the opioid-sparing protocol consumed sig-
nificantly fewer opioids (median, 0 mg; IQR, 0-8.0) than pa-
tients in the control group (median, 40.0 mg; IQR, 7.5-105.0;
z = −6.55; P < .001). eFigure 2 in Supplement 3 demonstrates
a histogram of total opioid consumption in each group. Figure 2
demonstrates daily medication use in each group for the first
14 days after surgery.

Secondary Outcomes
At 6 weeks, patients in the standard care group reported a mean
pain score of 14.8 (95% CI, 11.3-18.3) compared with 12.2
(95% CI, 8.3-16.1) in the opioid-sparing group (MD, 2.6; 95%
CI, −2.7 to 7.9, P = .76). Differences in pain scores did not ex-
ceed the prespecified minimally clinically important differ-
ence of 10 points. eFigure 3 in Supplement 3 demonstrates
mean daily VAS scores in each group over the first 14 days.

Significantly fewer OMEs were prescribed at discharge in
the opioid-sparing group (mean, 40.4 mg; 95% CI, 39.6-41.2)
compared with the standard care group (mean, 341.2 mg;
95% CI, 310.2-372.2), with an MD of 300.8 mg (95% CI, 269.4-
332.3; P < .001).

Most patients were satisfied with their pain control at 6
weeks in the standard care group (80.6%) and the opioid-
sparing group (83.2%), with no significant difference be-
tween the 2 groups with an OR for unsatisfied patients in the
standard care group of 1.22 (95% CI, 0.5-3.1; P = .90).

Table 1. Baseline Characteristics

Characteristics

No. (%) of patients
Opioid-sparing protocol
(n = 95)

Standard care
(n = 98)

Age, mean (SD), y 42.3 (15.2) 43.0 (15.3)

Sex

Men 62 (65.3) 58 (59.2)

Women 33 (34.7) 40 (40.8)

BMI

Mean (SD) 29.1 (6.3) 29.3 (6.8)

Underweight <18.5 1 (1.1) 0

Normal weight 18.5 to <25 27 (28.4) 28 (28.6)

Overweight 25 to <30 32 (33.7) 32 (32.7)

Obese 30 to <40 31 (32.6) 35 (35.7)

Morbidly obese ≥40 4 (4.2) 3 (3.1)

Use of tobacco products

None 78 (82.1) 82 (83.7)

Current smoker 13 (13.7) 8 (8.2)

Previous smoker 4 (4.2) 8 (8.2)

Alcohol consumption

None 33 (34.7) 35 (35.7)

Yes, <5 drinks/wk 43 (45.3) 35 (35.7)

Yes, ≥5 drinks/wk 19 (20.0) 28 (28.6)

Sport activity level prior to injury

None 7 (7.4) 6 (6.1)

Light 17 (17.9) 18 (18.4)

Moderate 30 (31.6) 44 (44.9)

Vigorous 41 (43.2) 30 (30.6)

Comorbidities

Back pain 16 (16.8) 11 (11.2)

Asthma 6 (6.3) 10 (10.2)

Depression 3 (3.2) 12 (12.2)

Diabetes 3 (3.2) 4 (4.1)

Osteoporosis 2 (2.1) 3 (3.1)

Anxiety 0 2 (2.0)

Hypertension 1 (1.1) 1 (1.0)

Posttraumatic stress disorder 0 2 (2.0)

Ulcers 1 (1.1) 1 (1.0)

Othera 7 (7.4) 5 (5.1)

Employment status

Employed 66 (69.5) 72 (73.5)

Retired 12 (12.6) 11 (11.2)

Student 9 (9.5) 11 (11.2)

Not employed, other 8 (8.4) 4 (4.1)

Abbreviation: BMI, body mass index, calculated as weight in kilograms divided
by height in meters squared.
a One patient (1.0%) each in one treatment group: Lyme disease, multiple

sclerosis, neck pain, polycystic ovarian syndrome, and obstructive sleep
apnea. The following comorbidities were reported by 1 patient (1.1%) each in
the other treatment group: anemia, cancer, B12 deficiency, fibroids, irritable
bowel syndrome, hypoglycemia, and Parkinson disease.
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Eight patients in the trial requested additional opioids
after discharge: 6 patients (6.2%) in the standard care group
and 22 patients (2.1%) in the opioid-sparing group, with no
significant difference between the 2 groups with an OR for
refill request in standard care group of 3.07 (95% CI, 0.6-15.6;
P = .16; Table 3).

Five adverse events occurred in the trial during the
6-week follow-up period, with 2 events (2.1%) in the standard
care group and 3 (3.2%) in the opioid-sparing group. One
serious adverse event occurred (deep vein thrombosis) in the
intervention group, and only 1 adverse event (uncontrolled
postoperative pain in the standard care group) was deter-
mined by the adjudication committee to be directly related to
the surgery (not the trial interventions). In the opioid-sparing
group, 1 patient experienced calf swelling and another
patient, postoperative Baker cyst. One patient in the standard
care group reported shoulder adhesive capsulitis.

Additional Prespecified Outcomes
At 2 weeks, patients in the standard care group had a mean VAS
pain score of 17.8 (95% CI, 13.9-21.7) and patients in the opioid-
sparing group, 15.4 (95% CI, 11.3-19.5) for an MD of 2.7
(95% CI, −3.0 to 8.4; P = .42).

Forty-nine patients (31 [ 31.6%] in the standard care
group and 18 [18.9%] in the opioid-sparing group) reported
a total of 53 possible medication-related adverse effects
in the 2-week medication diary (Table 4). The standard care
group had a significantly higher rate of medication ad-
verse effects than did the opioid-sparing group (OR, 1.98;
95% CI, 1.02-3.86; P = .048). The most commonly re-
ported adverse effects in the standard care group were
drowsiness (20.4%), gastrointestinal upset (17.3%), and diz-
ziness (6.1%), whereas patients in the opioid-sparing group
reported gastrointestinal upset (12.6%), drowsiness (7.4%),
and dizziness (2.1%).

Table 2. Surgical Details

Variable

No. (%) of patients

Opioid-sparing protocol (n = 95) Standard care (n = 98)
Operative joint

Knee 72 (75.8) 69 (70.4)

Shoulder 23 (24.2) 29 (29.6)

Side

Left 54 (56.8) 62 (63.3)

Knee procedures performed

Meniscectomy 46 (48.4) 47 (48.0)

Irrigation and/or debridement 29 (30.5) 33 (33.7)

Chondroplasty 22 (23.2) 29 (29.6)

Diagnostic arthroscopy 24 (25.3) 20 (20.4)

ACL reconstruction (± LET) 15 (15.8) 15 (15.3)

Loose body removal 10 (10.5) 8 (8.2)

Meniscal repair 4 (4.2) 11 (11.2)

MPFL reconstruction (not including TTO) 3 (3.2) 3 (3.1)

Microfracture 4 (4.2) 1 (1.0)

Synovectomy 1 (1.1) 3 (3.1)

Fixation of osteochondral lesion 2 (2.1) 0

Shoulder procedures performed

Biceps tenotomy or tenodesis 14.7 (7.3) 11 (11.2)

Rotator cuff repair 9 (9.5) 15 (15.3)

Diagnostic arthroscopy 10 (10.5) 12 (12.2)

Capsular release 8 (8.4) 8 (8.2)

Subacromial decompression 5 (5.3) 10 (10.2)

Shoulder stabilization 6 (6.3) 8 (8.2)

Irrigation and/or debridement 6 (6.3) 6 (6.1)

SLAP repair 3 (3.2) 6 (6.1)

Synovectomy 1 (1.1) 1 (1.0)

Loose body removal 0 1 (1.0)

Anesthetic strategy, No./total (%)

General 90 (94.7) 94 (95.9)

Spinal 3 (3.2) 1 (1.0)

Not recorded 2 (2.1%) 3 (3.1%)

Supplemental regional block

Yes 17 (17.9) 18 (18.4)

Operative time, median (IQR), min 39.0 (22.0-70.0) 42.5 (21.8-68.3)

Abbreviations: ACL, anterior cruciate
ligament; LET, lateral extra-articular
tenodesis; MPFL, medial
patellofemoral ligament;
SLAP, superior labrum anterior to
posterior; TTO, tibial tubercle
osteotomy.
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Ancillary Analyses
The prespecified subgroup analyses were performed as
planned. None of the subgroups (sex, joint, or use of regional
block) demonstrated a significant subgroup effect (eFigure 4
in Supplement 3). A sensitivity analysis using the original
data set with missing data vs the data set with imputed data
did not produce any difference in significant results com-
pared with the primary analysis.

Post Hoc Analyses
There was no significant interaction effect of site or surgical
procedure on the primary outcome based on inclusion
of these variables as a random effect to a mixed-effects mod-
eling (eFigure 4 in Supplement 3). There was no significant
difference between the 2 groups in terms of mean VAS pain
score for postoperative days 0 to 3 (mean, 47.5 for stan-
dard care group vs 42.2 for intervention group; P = .34).

Figure 2. Pain Medication Consumption Over First 14 Days After Surgery
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Total opioid consumption for postoperative days 0 to 3 was
significantly higher in the standard care group than in the
intervention group (mean, 44.3 vs 8.9 OMEs; median, 30 vs 0
OMEs consumed; z = −5.7; P < .001). Patient satisfaction was
not significantly different between the 2 groups when the
scale was analyzed as a 4-point scale (eTables 3 and 4 in
Supplement 3).

Discussion
In this pragmatic RCT evaluating patients undergoing outpa-
tient shoulder or knee arthroscopy, an opioid-sparing postop-
erative pain management protocol significantly reduced post-
operative opioid consumption compared with a standard
opioid prescription in the 6 weeks following surgery. Signifi-
cantly fewer opioids were prescribed in the opioid-sparing
group. Significantly fewer patients reported medication-
related adverse effects in the opioid-sparing group. No signifi-
cant differences in patient-reported pain, opioid refills, or
patient-reported satisfaction scores between groups at 6 weeks
were found. Adverse events were generally transient, not se-
rious, and similar between groups.

Multimodal analgesic protocols for postoperative pain con-
trol have demonstrated efficacy across several surgical
domains.26 The underlying premise is that concurrent admin-
istration of multiple analgesics results in an additive effect and
has the potential to reduce opioid consumption while maxi-
mizing pain control. NSAIDS are potent analgesics that form a
cornerstone of multimodal analgesic protocols.26 Although
NSAIDs carry risks, they were well tolerated in the current study
and may be considered a first-line analgesic for patients with-
out contraindications.26-28 Similarly, acetaminophen repre-
sents an effective nonopioid analgesic that has an additive

effect when used in conjunction with NSAIDs.29 The use of a
primarily nonopioid multimodal analgesic protocol in the cur-
rent study reduced total opioid consumption and patient-
reported adverse effects from medication.

Given the recognized harms of opioids, there has been
substantial interest in the development and utilization of
opioid-sparing protocols for postoperative pain manage-
ment among patients undergoing orthopedic surgery.
Different opioid-sparing postoperative protocols have been
investigated, with varying levels of efficacy.15,18 Moutzouros
et al13,18 have evaluated the efficacy of a nonopioid analgesic
protocol in several patient populations undergoing arthro-
scopic surgery and demonstrated that it provided similar
pain control to a standard opioid prescription. However, the
inclusion of prescription medications including benzodiaz-
epines and gabapentin may limit the applicability and wide-
spread use of such protocols.13,18,26,30 The current study used
widely available, well-tolerated, over-the-counter medica-
tions as the basis of the multimodal analgesic protocol.

A limited opioid prescription was provided to all patients
in the intervention group as a rescue analgesia. Reducing the

Table 4. Patient-Reported Medication Adverse Effects

Patient-reported
adverse outcome

No. (%) of patients
Opioid-sparing protocol
(n = 95)

Standard care
(n =98)

≥1 Reported adverse effects 18 (18.9) 31 (31.6)

Gastrointestinal upset 12 (12.6) 17 (17.3)

Drowsiness 7 (7.4) 20 (20.4)

Dizziness 2 (2.1) 6 (6.1)

Constipation 2 (2.1) 5 (5.1)

Pruritus 0 3 (3.1)

Headaches 1 (1.1) 2 (2.0)

Table 3. Study Outcomes by Treatment Group

Opioid-sparing protocol (n = 95) Standard care (n = 98) Difference (95% CI) P valuea

Difference

Total OMEs consumed, mg

Mean (95% CI) 8.4 (5.3-11.5) 72.6 (53.2 to 92.0) MD, 64.2 (44.4 to 84.0) <.001b

Median (IQR) 0 (0-8.0) 40.0 (7.5 to 105.0)

VAS score, mean (95% CI)c

2 wk 15.4 (11.3-19.5) 17.8 (13.9 to 21.7) MD, 2.7 (−3.0 to 8.4) .42d

6 wk 12.2 (8.3-16.1) 14.8 (11.3 to 18.3) MD, 2.6 (−2.7 to 7.9) .76

OMEs prescribed at discharge, mg

Mean (95% CI) 40.4 (39.6-41.2) 341.2 (310.2 to 372.2) MD, 300.8 (269.4 to 332.3) <.001

Median (IQR) 40 (40-40) 300 (300 to 450)

Patient-reported satisfaction at 6 wk, No. (%) OR, 1.2 (0.5 to 3.1) .90

Satisfied (always, usually) 79 (83.2) 79 (80.6)

Unsatisfied (sometimes, never) 9 (9.5) 11 (11.2)

Opioid refill requests completed, No. (%) 2 (2.1) 6 (6.2) OR, 3.07 (0.6 to 15.6) .16

Any adverse events, No. (%) 3 (3.2) 2 (2.1) OR, 0.65 (0.1 to 4.0) .63

Abbreviations: MD, mean difference; OR, odds ratio; OMEs; oral morphine
equivalents; VAS, visual analog scale.
a The t test was used for comparing means of continuous variables;

Mann-Whitney U test, for medians of continuous variables; and the Pearson
χ2test, for categorical variables.

b Mann-Whitney U, z = −6.55.
c Patients were instructed to draw a line on VAS scale (range, 0-100; 0, no pain;

100, the worst pain possible) to indicate their pain level.
d t Test, t = .911.
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total amount of opioids prescribed in the postoperative setting
has several important implications. First, there is evidence to
demonstrate that the quantity of the opioids prescribed is di-
rectly correlated with postoperative consumption.31,32 Farley
et al33 demonstrated that reducing the quantity of opioids pre-
scribed following anterior cruciate ligament reconstruction re-
duced both the duration and quantity of postoperative opioid
consumption. Second, a limited, standardized opioid prescrip-
tion following arthroscopic surgery has larger implications in
the context of the ongoing opioid epidemic. According to the
National Survey on Drug Use and Health (NSDUH) data, 50.5%
of the 10.7 million people who misused opioids in the past year
in the United States obtained them from a friend or relative.34

These results, along with the findings of the current trial,
demonstrate that the prescription of additional opioids cre-
ates multiple avenues of risk to patients and society. Not only
do these additional opioids have the potential for diversion
or harm to children and adolescents, they may affect the
patient’s opioid consumption as well. Despite surgeon con-
cerns surrounding the potential need for patient refills with a
limited opioid prescription, the results of the current study
demonstrated only 2% of patients requested additional opi-
oids after discharge. There was no significant difference in
prescription refills between the opioid-sparing group and the
standard care group.

Patient education has been recognized as an important
pillar in postoperative opioid reduction and pain control
across surgical domains.35-37 Within the arthroscopy litera-
ture, there is growing evidence to suggest that patient educa-
tion may reduce both short-term and long-term postopera-
tive opioid use.35,36,38

The current trial has several strengths. The study out-
comes are of importance to both patients and health care sys-
tems. The blinding of both outcome assessors and data ana-
lysts safeguards against potential bias. The results were
analyzed in a blinded fashion to avoid interpretation bias. The
broad eligibility criteria and inclusion of the most commonly
performed orthopedic surgery procedures strengthens the gen-
eralizability of the results.

Limitations
This trial has several limitations. First, given the pragmatic na-
ture of the trial, both patients and surgeons were not blinded
to the interventions, increasing the risk of bias. Second, the
primary outcome relied on patient-reported opioid consump-
tion, which carries the risk of reporting bias. Third, the sub-
group analyses included small sample sizes and wide CIs, so
no definitive conclusions can be made from their results.
Fourth, patients underwent minimally invasive, arthro-
scopic surgery, so the results cannot be extrapolated to more
invasive operations that are potentially more painful. Fifth, the
current study excluded chronic opioid users, so the results
should not be extrapolated to this patient population.

Conclusions
Among patients who underwent arthroscopic knee or shoul-
der surgery, a multimodal opioid-sparing postoperative pain
management protocol, compared with standard opioid pre-
scribing, significantly reduced postoperative opioid consump-
tion over 6 weeks.
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