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IMPORTANCE Ibuprofen is first-line therapy for musculoskeletal pain. However, two-thirds of
children experience inadequate pain relief with ibuprofen monotherapy, and the efficacy
of additive medications for moderate to severe musculoskeletal pain is unclear.

OBJECTIVE To determine whether treatment with an opioid (hydromorphone) plus ibuprofen
or nonopioid (acetaminophen [paracetamol]) plus ibuprofen decreased pain scores
compared with ibuprofen alone.

DESIGN, SETTING, AND PARTICIPANTS Two randomized, double-masked, placebo-controlled
trials were conducted from April 2019 to March 2023 in 6 university-affiliated, tertiary care
Canadian pediatric emergency departments. Children aged 6 to 17 years presenting with a
nonoperative acute limb injury (<24 hours) and a verbal numerical rating scale (vNRS) pain
score of 5 or more out of 10 were enrolled. Date of final follow-up was March 22, 2023.

INTERVENTIONS The opioid trial randomized participants to a single oral dose of ibuprofen
plus hydromorphone, ibuprofen plus acetaminophen, or ibuprofen alone. The nonopioid trial
randomized participants to a single oral dose of ibuprofen plus acetaminophen or ibuprofen
alone. In all groups, ibuprofen was dosed at 10 mg/kg (maximum, 600 mg). The
acetaminophen dose was 15 mg/kg (maximum, 1000 mg), and the hydromorphone dose was
0.05 mg/kg (maximum, 5 mg).

MAIN OUTCOMES AND MEASURES The primary efficacy outcome was self-reported vNRS pain
score at 60 minutes post medication administration (score range, 0 [no pain] to 10 [worst
pain]; minimal clinically important difference, 1.5). The primary safety end point was the
proportion of children with any adverse event related to study drug administration.

RESULTS A total of 8098 children were screened for eligibility; 699 were randomized and 653
were included in the efficacy analyses. The opioid trial included 249 children: 110 randomized
to ibuprofen plus hydromorphone, 70 to ibuprofen plus acetaminophen, and 69 to ibuprofen
alone. The nonopioid trial included 450 children: 225 randomized to a single oral dose of
ibuprofen plus acetaminophen and 225 randomized to ibuprofen alone. The mean (SD) age of
children in the 2 trials was 11.5 (3.5) years and 47.4% were female. The mean (SD) vNRS score
at recruitment was 6.4 (1.8). In pooled analyses, mean (SD) vNRS scores 60 minutes after
drug administration were 4.8 (2.6) in the ibuprofen plus hydromorphone group, 4.6 (2.4) in
the ibuprofen plus acetaminophen group, and 4.6 (2.3) in the ibuprofen alone group
(P = .78). Any adverse event occurred at higher rates in the ibuprofen plus hydromorphone
group (28.2%) compared with the ibuprofen plus acetaminophen (6.1%) or ibuprofen alone
groups (5.8%). No serious adverse events occurred.

CONCLUSIONS AND RELEVANCE For children with acute nonoperative musculoskeletal injury,
pain scores at 60 minutes after drug administration did not improve with ibuprofen plus
acetaminophen or ibuprofen plus hydromorphone compared with ibuprofen alone. Adverse
events were 4-fold more frequent with hydromorphone.
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O ne in 5 children experience an acute injury annually,
with one-third sustaining a fracture before the age of
17 years.1,2 National guidelines,3,4 supported by sys-

tematic review,5-7 recommend that ibuprofen should be first-
line therapy for acute musculoskeletal pain, but as many as
two-thirds of children report suboptimal pain reduction with
ibuprofen alone.5,8 Untreated pain may have short- and long-
term consequences for children, including school absence, poor
sleep, and prolonged duration of healing.8,9 In addition, per-
sistent pain in children has negative effects on their care-
givers, such as emotional distress and potentially needing to
miss work. Despite its frequent use as combination therapy for
children with fever and pain, limited evidence exists for com-
bining acetaminophen (paracetamol) and ibuprofen for acute
pain.10,11 Further, federal warnings restricting codeine, hy-
drocodone, and tramadol use in children has left few oral
opioid therapy options for moderate to severe pain.12-14 In
multiple trials, the combination of oral morphine with ibu-
profen was no more effective and less safe than oral ibupro-
fen alone for children’s musculoskeletal pain.7,15-17 Similarly,
oxycodone was no more effective and was associated with more
adverse events (AEs) than ibuprofen.8,18 Short-term ibupro-
fen use is well-tolerated in healthy children without kidney
disease and has not been shown to affect fracture healing.19

More recently, oral hydromorphone, which is a long-acting, po-
tent opioid analgesic that is rapidly absorbed and has a mean
systemic oral bioavailability of 17% to 62%,20 has been sug-
gested as an alternative to oral morphine, but evidence sup-
porting its use in children is limited.21,22

Given the need for more comprehensive analgesia for chil-
dren with musculoskeletal injury, combined with the impor-
tance of responsible opioid use in children,23 2 simultaneous
trials were conducted to compare the effectiveness of ibupro-
fen plus hydromorphone and ibuprofen plus acetaminophen
vs ibuprofen alone.

Methods
Trial Design and Oversight
This pair of multicenter, randomized, double-masked, placebo-
controlled No OUCH trials was conducted at 6 Canadian ter-
tiary care, pediatric emergency departments (EDs), which are
all members of Pediatric Emergency Research Canada (PERC).

The No OUCH (Non-Steroidal or Opioid Analgesia Use for
Children With Musculoskeletal Injuries) trials utilized a pref-
erence-informed complementary trial design that allowed the
caregiver and child to decide whether to enroll in a 3-group opi-
oid-inclusive trial (the opioid trial) or a 2-group nonopioid
trial.24,25 This method allowed for those with strong prefer-
ences regarding opioid use in children to still participate in this
study. In the absence of clinical or statistical preclusionary evi-
dence, the results of the 2 trials would be pooled.

The full study protocol and statistical analysis plan have
been published and all prior versions of the protocol are
available in Supplement 1.24,26 No important changes were
made to the protocol after initiation of data collection. This
study was registered with ClinicalTrials.gov (NCT03767933).

Prior to commencing recruitment, approval was obtained from
the human research ethics board at each site. The No OUCH trials
were regulated and monitored by Health Canada and reside
within the KidsCAN-PERC Innovative Pediatric Clinical Trials
Network, which provided centralized data management and trial
oversight.27 Safety oversight was provided by an independent
data and safety monitoring board that convened semiannually.
Interim analyses for efficacy were not conducted. This report
follows the CONSORT (Consolidated Standards of Reporting
Trials) guideline.28

Patient Engagement
The study team’s parent partner with lived experience of car-
ing for a child with acute pain and parent advisory group mem-
bers provided input on the study protocol and data collection
tools, and provided feedback on the wording, readability, sen-
sitivity, flow, and content of caregiver surveys.

Participants
Children aged 6 to 17 years, presenting with an acute limb
injury (<24 hours) without obvious deformity or neurovascu-
lar compromise, and with a self-reported verbal numerical
rating scale (vNRS) pain score of 5 or greater out of 10 were
eligible (Figure 1). Exclusion criteria were (1) need for imme-
diate intravenous or intranasal pain medications, (2) known
hypersensitivity to study medications, (3) having received
acetaminophen or nonsteroidal anti-inflammatory drugs
within 3 hours of recruitment, (4) having received opioid
medication within 1 hour of recruitment, (5) caregiver or
child having cognitive impairment that precluded the abil-
ity to self-report pain and/or respond to study questions,
(6) injury suspected to be due to child abuse, (7) suspected
multilimb fracture, (8) chronic pain treated with daily analge-
sics, (9) hepatic or kidney disease or dysfunction, (10) bleed-
ing disorder, (11) pregnancy, (12) vomiting that precluded
the ability to take oral medications, (13) caregiver and/or
child inability to communicate fluently in English or French
in the absence of a native language interpreter, (14) caregiver
unavailable for follow-up, and (15) previous enrollment
in the study.

Key Points
Question Does addition of acetaminophen or hydromorphone to
ibuprofen improve pain relief for children with nonoperative acute
limb injury?

Findings In these 2 randomized clinical trials of 699 children who
presented to an emergency department less than 24 hours after a
nonoperative acute limb injury, addition of 1 dose of oral
acetaminophen or hydromorphone to ibuprofen did not
significantly reduce self-reported pain scores at 60 minutes. Use
of hydromorphone resulted in a 4-fold increase in adverse events.

Meaning For children with acute nonoperative limb injuries, pain
scores did not improve with addition of either acetaminophen or
hydromorphone to ibuprofen; adverse events were higher with
hydromorphone.
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Randomization
Written informed consent was obtained from caregivers and
mature minors (who were >14 years, unaccompanied by an
adult caregiver, and judged by the research team, using a ca-
pacity to consent assessment tool, to have adequate judg-
ment and understanding to make their own research partici-
pation decisions), and assent was obtained from children,
when developmentally appropriate. Following this, family
preference for study trial enrollment (ie, opioid or non-
opioid) was elicited. If the family did not have trial prefer-
ence, the child was enrolled in the opioid trial because it in-
cluded 3 medication treatment groups. Randomization tables
with random block sizes and a 1:1 (for the nonopioid trial)
or 1:1:1 (for the opioid trial) trial group assignment stratified
by site were used. To preserve the option of trial choice for
families, recruitment was kept open for both trials until they
each reached the required number of participants. To avoid
significant overrecruitment, we monitored the recruitment
rate of both trials through interim analysis after recruitment
of 100 participants and adjusted the randomization of pa-
tients to the hydromorphone plus ibuprofen group from 1:1:1
to 1:1:2 in July 2020.26

An allocation list was sent to the research pharmacy at each
site where research pharmacists prepared consecutively num-
bered kits for each trial. A standardized operating procedure
ensured the placebo formulations were of similar taste, color,
and consistency to the active drugs, and solutions were pack-
aged in identical, labeled, amber-colored bottles. Kits were tem-
perature monitored and securely stored in each site’s phar-
macy or ED. Participants, trial and clinical staff, and data
analysts were unaware of trial group assignments.

Interventions
In the opioid trial, participants were randomized to 1 of 3
groups: (1) oral ibuprofen plus acetaminophen placebo plus
oral hydromorphone (ibuprofen plus hydromorphone), (2) oral
ibuprofen plus oral acetaminophen plus hydromorphone pla-
cebo (ibuprofen plus acetaminophen), or (3) oral ibuprofen
plus acetaminophen placebo plus hydromorphone placebo
(ibuprofen). In the nonopioid trial, participants were random-
ized to 1 of 2 groups: (1) oral ibuprofen plus oral acetamino-
phen (ibuprofen plus acetaminophen) or (2) oral ibuprofen plus
acetaminophen placebo (ibuprofen). Ibuprofen was dosed as
10 mg/kg (maximum, 600 mg), acetaminophen as 15 mg/kg
(maximum, 1000 mg), and oral hydromorphone as 0.05 mg/kg
(maximum, 5 mg). All study medications and placebos were
administered as a single oral dose in liquid form. No other
medications were administered as part of the study. Enrolled
patients were eligible to receive rescue analgesia at any time
at the discretion of the clinical team. All cointerventions, in-
cluding nonpharmacologic interventions (eg, ice, splinting)
were documented.

The research nurses, who were all trained in study proto-
col, procedures, and tools, administered the medications ac-
cording to the randomization scheme (eFigure 1 in Supple-
ment 2), and monitored participants for up to 120 minutes, with
safety and efficacy measures recorded at the time of recruit-
ment, time of medication administration, as well as 30, 60, 90,

and 120 minutes post medication administration, at the time
of medical examination, and immediately following x-ray. The
research nurse obtained pain scores from participants, re-
corded AEs and vital signs, and evaluated sedation level using
the Ramsay Sedation Scale (RSS; score range, 1-6).29 Prior to
ED discharge, both the child and caregiver completed a brief
survey. Two 10-minute follow-up digital surveys were com-
pleted by the caregiver at 1 to 3 days and 1 to 2 weeks post dis-
charge to determine AEs and assess function (ie, sleep, school
attendance, play).

Outcome
The primary efficacy outcome was self-reported vNRS pain
score at 60 minutes post medication administration. The
vNRS ranges from 0 (no pain) to 10 (worst pain) and is a vali-
dated and recommended pain measurement tool for children
aged 6 to 17 years.30 The 60-minute time point reflects
the peak plasma concentration and analgesic efficacy for
all 3 study medications.21,31 The primary safety end point
was the proportion of children with any AE related to
study drug administration. There were 6 secondary efficacy
outcomes including (1) the proportion of participants who
achieved a mild pain score (defined as a vNRS score <3 by the
World Health Organization) at 60 minutes post medication
administration,32 (2) pain scores at all study time points (30,
90, and 120 minutes post medication administration, imme-
diately after x-ray, at the time of medical examination),
(3) vNRS pain score reduction of at least 2 points at 60 min-
utes post medication administration, (4) ED length of stay,
(5) rescue analgesic use in the 60 minutes following study
drug administration, and (6) time to effective analgesia
(ie, first vNRS score <3 post medication). There were 4 sec-
ondary safety outcomes including (1) any serious adverse
events (SAEs) during the study period, (2) clinically impor-
tant sedation (defined as an RSS score >3),29 (3) each specific
AE type (eg, nausea, dizziness, itchiness), and (4) missed
fractures or dislocations. Adverse events were coded using
Medical Dictionary for Regulatory Activities, version 22.0.

Statistical Analysis
A detailed statistical analysis plan for this trial has been pre-
viously published.26 Sample size was determined based on a
2-sided level of .05, a power of 0.95, a minimally clinically im-
portant difference of 1.5 on the vNRS, an estimate of the SD of
the difference of 2.7,33 and a Bonferroni correction to adjust
for the 3 treatment comparisons. Sample size for the 3-group
opioid trial was 105 per group, for a total of 315. The sample
size for the 2-group nonopioid trial was 85 per group, for a total
of 170. Thus, the total sample size for the No OUCH trials was
485. To account for missing data for the primary outcome, the
study planned to overrecruit by approximately 10%, for a tar-
get recruitment of approximately 540 patients. Based on pre-
viously conducted research,34 an imbalance in recruitment
pace between the 2 trials was anticipated, and in order to avoid
compromising the key preference-based study design, both
trials continued to recruit until the sample size was met for
both. Study trials’ recruitment rates were monitored and a
planned update to the randomization strategy could be used
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Table 1. Child Participant Characteristicsa

Parameter
Ibuprofen plus hydromorphone
(n = 110)

Ibuprofen plus acetaminophen
(n = 295)

Ibuprofen only
(n = 294)

Age, mean (SD), y 11.6 (3.0) 11.2 (3.0) 11.7 (3.0)

Age distribution, No. (%)

6-11 y 51 (46.4) 168 (56.9) 141 (48.0)

12-17 y 59 (53.6) 127 (43.1) 153 (52.0)

Sex, No. (%)

Male 58 (52.7) 150 (50.8) 160 (54.4)

Female 52 (47.3) 145 (49.2) 134 (45.6)

Mechanism of injury, No. (%) n = 97 n = 276 n = 275

Slip, trip, or fall 33 (34.0) 67 (24.3) 68 (24.7)

Team sports injury 26 (26.8) 95 (34.4) 101 (36.7)

Trampoline 2 (2.0) 5 (1.8) 3 (1.1)

Bicycle, scooter, or skateboard 0 6 (2.2) 3 (1.1)

Motor vehicle collision/
road traffic crash

0 2 (0.7) 3 (1.1)

Other play or activity 35 (36.1) 95 (34.4) 95 (34.5)

Other mechanism 1 (1.0) 6 (2.2) 2 (0.7)

Injury location, No. (%)b

Upper limb 69 (62.7) 165 (55.9) 162 (55.3)

Wrist 19 (17.3) 63 (21.4) 55 (18.7)

Single or multiple fingers 14 (12.7) 21 (7.1) 27 (9.2)

Forearm 10 (9.1) 23 (7.8) 24 (8.2)

Elbow 10 (9.1) 24 (8.1) 20 (6.8)

Hand 6 (5.5) 10 (3.4) 14 (4.8)

Shoulder 4 (3.6) 8 (2.7) 14 (4.8)

Clavicle 3 (2.7) 9 (3.1) 5 (1.7)

Upper arm 3 (2.7) 7 (2.4) 3 (1.0)

Lower limb 41 (37.3) 130 (44.1) 131 (44.7)

Ankle 17 (15.5) 62 (21.0) 67 (22.8)

Knee 11 (10.0) 22 (7.5) 31 (10.5)

Foot 8 (7.3) 30 (10.2) 22 (7.5)

Single or multiple toes 4 (3.6) 6 (2.0) 7 (2.4)

Hip/thigh 1 (0.9) 3 (1.0) 0

Lower leg 0 7 (2.4) 4 (1.4)

Missing 0 0 1 (0.3)

Verbal numerical rating scale
(at recruitment),
mean (SD) [range, 0-10]

6.5 (1.9) 6.4 (1.8) 6.4 (1.7)

Nonpharmacologic strategies
in emergency department,
No. (%)

Splint 26 (23.6) 58 (19.7) 64 (21.8)

Cast 21 (19.1) 52 (17.6) 33 (11.2)

Ice 10 (9.1) 34 (11.5) 23 (7.8)

Distraction 8 (7.3) 14 (4.7) 11(3.7)

Sling 5 (4.5) 4 (1.4) 4 (1.1)

Crutches 3 (2.7) 11 (3.7) 15 (5.1)

Tensor bandage 0 10 (3.4) 9 (3.1)

Other 0 0 2 (0.5)

Injury type, No. (%) n = 109 n = 293 n = 284

Soft tissue injury 60 (55.0) 178 (60.8) 172 (60.6)

Fracture 45 (41.3) 107 (36.5) 107 (37.7)

Dislocation/subluxation only 1 (0.9) 8 (2.7) 4 (1.4)

(continued)
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if there was an extreme overrecruitment for one of the trials.
Ultimately, there was higher participation in the nonopioid trial,
necessitating a change to the randomization ratio for the opi-
oid trial from 1:1:1 to 1:1:2 in July 2020; this yielded some mi-
nor loss of power. Our choice of 0.95 for power allowed for ac-
commodation of this loss without compromising the integrity
of the study results.

Analyses were conducted using the intention-to-treat prin-
ciple. Given homogeneity in the 2 trials’ end points, we planned
for a joint effectiveness analysis if the 2 populations were simi-
lar using prespecified decision rules.26 Missing data for the pri-
mary outcome (vNRS at 60 minutes post medication admin-
istration) were addressed using multiple imputation with
chained equations. All 10 imputed sets of vNRS scores at 60
minutes post medication administration were analyzed using
linear mixed models conditional on baseline vNRS and treat-
ment group. Site and trial were used as nested random ef-
fects in the model. The results of these analyses were com-

bined for the final estimate. A likelihood ratio test determined
whether there was statistical evidence of a differing treat-
ment effect across the 2 trials.

Two nested linear mixed models for the vNRS score at 60
minutes post medication were fitted, adjusted for baseline
vNRS score and site. The full model included a treatment-by-
trial interaction term while the reduced model assumed con-
stant treatment effect across the 2 trials. The likelihood ratio
test was not statistically significant (P = .29). Therefore, the
reduced model was used for the primary analysis (eTables 1
and 2 in Supplement 2).

We compared the proportion of children with a self-
reported vNRS pain score less than 3 out of 10 at 60 minutes
after medication administration across treatment groups using
a logistic mixed model, adjusted for site and baseline pain. Be-
cause no children required a rescue analgesic by 60 minutes
after medication, we did not run the planned model for this
outcome. All other secondary outcomes were summarized

Table 1. Child Participant Characteristicsa (continued)

Parameter
Ibuprofen plus hydromorphone
(n = 110)

Ibuprofen plus acetaminophen
(n = 295)

Ibuprofen only
(n = 294)

Discharge disposition, No. (%)

Discharged 109 (99.1) 291 (98.6) 281 (95.6)

Admitted 1 (0.9) 3 (1.0) 3 (1.0)

Left prior to physician assessment 0 0 4 (0.7)

Missing/early withdrawal 0 1 (0.3) 6 (2.7)
a See eTable 4 in Supplement 2 for presentation of demographic characteristics

by trial.
b Two participants in the ibuprofen plus hydromorphone group, 5 in the

ibuprofen plus acetaminophen group, and 11 in the ibuprofen group had an
additional same-limb digital injury present.

Table 2. Primary and Secondary Efficacy (Pain) Outcomesa

Parameter Ibuprofen plus hydromorphone Ibuprofen plus acetaminophen Ibuprofen only
Primary outcomeb n = 107 n = 272 n = 274

vNRS at 60 min after administration,
mean (SD)c

4.8 (2.6) 4.6 (2.4) 4.6 (2.3)

Secondary outcomes

vNRS pain scores, mean (SD)c

Time of medication administration (n = 684) 6.5 (1.9) 6.4 (1.8) 6.4 (1.7)

30 min post medication administration (n = 678) 5.4 (2.4) 5.3 (2.2) 5.3 (2.2)

90 min post medication administration (n = 367) 4.7 (2.5) 4.6 (2.6) 4.5 (2.4)

120 min post medication administration (n = 262) 5.0 (2.8) 4.6 (2.7) 4.3 (2.3)

At time of medical examination (n = 600) 6.6 (2.5) 6.2 (2.5) 6.0 (2.6)

Immediately after x-ray (n = 609) 6.2 (2.7) 5.9 (2.6) 6.0 (2.5)

Participants achieving an vNRS pain score <3 at 60 min
after administration, No. (%)

25 (23.4) 54 (19.9) 53 (19.3)

Participants with vNRS pain score reduction of at least
2/10 at 60 min after administration, No. (%)

48 (44.9) 127 (47.0) 133 (48.7)

vNRS pain score reduction from baseline to 60 min
after administration, mean (SD)c

1.8 (1.9) 1.9 (2.2) 1.7 (2.1)

Emergency department length of stay,
median (IQR), h

2.8 (2.1-3.8) 2.7 (2.1-3.6) 2.8 (2.1-3.7)

Participants requiring rescue analgesia, No. 0 0 0
a See eTable 5 in Supplement 2 for presentation of efficacy outcomes by trial.
b Missing data for the primary outcome were imputed. All 10 imputed sets of

scores at 60 minutes after medication administration were analyzed using
linear mixed models conditional on baseline verbal numerical rating scale
(vNRS) and treatment group. Site and trial were used as nested random

effects in the model. The results of these analyses were combined for the final
estimate. P = .78 for this primary outcome.

c vNRS scores range from 0 (no pain) to 10 (worst pain); minimal clinically
important difference = 1.5.
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within treatment group using the appropriate descriptive sta-
tistics. Planned subgroup analyses were completed for age (6-11
vs 12-17 years) and injury type (fracture vs sprain vs disloca-
tion). Analyses were performed with SAS software (version 9.4;
SAS Institute).

Results
Trials’ Characteristics
A combined analysis of the 2 trials was deemed appropriate
because participants in the opioid and nonopioid trials had
similar demographics (baseline pain scores, age, sex, injury lo-
cation), and the likelihood ratio test described in the Statisti-
cal Analysis section was not statistically significant. There-
fore, the reduced model (with baseline vNRS score and
treatment group) was used for the primary analysis (eTables 1
and 2 in Supplement 2).

Participants
From April 2019 to March 2023, 699 participants were ran-
domized, including 450 in the nonopioid trial and 249 in the

opioid trial (Figure 1; eTable 3 in Supplement 2). Primary out-
come data were obtained for 415 of 450 participants (92.2%)
in the nonopioid trial and 238 of 249 participants (95.6%) in
the opioid trial. Baseline demographic data and pain scores
were similar across study groups and trials (Table 1; eTable 4
in Supplement 2).

Primary Outcome
The primary efficacy outcome of self-reported vNRS pain
score at 60 minutes post medication administration was a
mean (SD) of 4.8 (2.6) in the ibuprofen plus hydromorphone
group, 4.6 (2.4) in the ibuprofen plus acetaminophen group,
and 4.6 (2.3) in the ibuprofen group (P = .78) (Table 2 and
Figure 2). The primary outcome, presented by trial, can be
found in eTable 5 and eFigures 2 and 3 in Supplement 2.
Results were consistent with complete-case analyses, with
both approaches showing no statistically significant differ-
ence between groups (P = .78) (eTable 1 in Supplement 2).

The primary safety outcome of the proportion of children
with any AE related to study drug administration was 28.2% in
the ibuprofen plus hydromorphone group, 6.1% in the ibupro-
fen plus acetaminophen group, and 5.8% in the ibuprofen group.

Figure 2. Parallel Line Plot of Verbal Numerical Rating Scale (vNRS) Score at 60 Minutes Post Medication Administration (Primary Outcome)
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Secondary Outcomes
There were no differences in any of the 6 prespecified second-
ary efficacy outcomes. The proportion of children who achieved
mild pain (ie, vNRS score <3) was 23.4% in the ibuprofen plus
hydromorphone group, 19.9% in the ibuprofen plus acetamino-
phen group, and 19.3% in the ibuprofen group (P = .95). Odds
ratios for achieving a pain score less than 3 out of 10 were 1.10
(95% CI, 0.56-2.13) for ibuprofen plus hydromorphone and 1.06
(95% CI, 0.67-1.67) for ibuprofen plus acetaminophen com-
pared with ibuprofen. Time to achieve effective analgesia was
not calculated, given the small overall proportion of partici-
pants (20.2%) who achieved this outcome (defined as vNRS
score at 60 minutes after medication administration <3). Pain
reduction of at least 2 points on the vNRS at 60 minutes was
achieved by 44.9% in the ibuprofen plus hydromorphone group,
47.0% in the ibuprofen plus acetaminophen group, and 48.7%
in the ibuprofen group. Length of ED stay was a median of 2.8
hours (IQR, 2.1-3.8) in the ibuprofen plus hydromorphone group,
2.7 hours (IQR, 2.1-3.6) in the ibuprofen plus acetaminophen
group, and 2.8 hours (IQR, 2.1-3.7) in the ibuprofen group. No

participants required rescue analgesia in the 60 minutes after
study drug administration (Table 2).

With regard to the prespecified secondary safety out-
comes, there were no SAEs or deaths. There were no partici-
pants with clinically important sedation (RSS score >3) at
baseline, 2 at 30 minutes, 1 at 60 minutes, 1 at 90 minutes,
and none at 120 minutes after study drug administration; no
participants with an RSS score greater than 3 received ibupro-
fen plus hydromorphone. Missed fractures were reported in 2
participants (1.8%) in the ibuprofen plus hydromorphone
group, 2 (0.7%) in the ibuprofen plus acetaminophen group,
and 5 (1.7%) in the ibuprofen only group. Central nervous
system–related (ie, somnolence, fatigue, dizziness) and
gastrointestinal-related (abdominal pain, nausea, vomiting)
AEs were most frequent, representing 56.1% and 30.3% of
AEs, respectively. All AEs in the ibuprofen and ibuprofen plus
acetaminophen groups were rated as mild in severity; 19.4%
(6/31) of AEs in the ibuprofen plus hydromorphone group
were rated as moderate, with the remaining 80.4% reported
as mild (Table 3).

Table 3. Primary and Secondary Safety Outcomesa

Adverse event

No. (%)
Ibuprofen plus
hydromorphone
(n = 110)

Ibuprofen plus
acetaminophen
(n = 295)

Ibuprofen only
(n = 294)

Primary safety outcome

Adverse event (any) (primary safety end point)b 31 (28.2) 18 (6.1) 17 (5.8)

Secondary safety outcomes

Central nervous system 17 (15.5) 8 (2.7) 12 (4.1)

Dizziness 9 0 2

Somnolence/fatigue 6 6 9

Agitation/anxiety 2 0 0

Numbness 0 2 0

Headache 0 0 1

Gastrointestinal 10 (9.1) 6 (2.0) 4 (1.4)

Nausea 5 2 2

Vomiting 4 0 1

Abdominal pain 1 4 1

Cutaneous 3 (2.7) 0 1 (0.3)

Sweating 1 0 0

Pallor 1 0 0

Itching 1 0 0

Rash 0 0 1

Other 1 (0.9) 4 (1.4) 0

Blurred vision 1 0 0

Chills 0 2 0

Tinnitus 0 1 0

Dyspnea 0 1 0

Ramsay Sedation Scale score >3c

Time of medication administration 0 0 0

30 min post medication administration 0 1 1

60 min post medication administration 0 0 1

90 min post medication administration 0 0 1

120 min post medication administration 0 0 0

Missed fractures, No. (%)d 2 (1.8) 2 (0.7) 5 (1.7)

a There were no serious adverse
events (any untoward medical
occurrence that results in death,
is life-threatening, requires
hospitalization/prolongs existing
hospitalization, or results in
persistent/significant disability or
incapacity) during the study period.

b Each participant could report
multiple adverse events; this table
presents the number of participants
experiencing each adverse event.

c Ramsay Sedation Scale is scored
from 1 (anxious, agitated) to 6
(unrousable); scores >3 correspond
to a sleeping state and were
considered clinically significant
sedation.

d An injury that was diagnosed as
something other than fracture by
the treating physician at the time of
emergency discharge (typically
sprain) but was identified as a
fracture through final radiology
report.
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Subgroup Analyses
No clinically important difference was noted across any
subgroups. The self-reported mean (SD) pain scores at 60
minutes after medication administration by age group (6-11
vs 12-17 years) and by type of injury (fracture vs sprain vs
isolated dislocation/subluxation) are presented in eTable 6
in Supplement 2.

Discussion
The American Academy of Pediatrics and the Canadian Pae-
diatric Society currently recommend ibuprofen, acetamino-
phen, and oral opioids as effective analgesia for children with
acute pain.3,4 For musculoskeletal injury, current best evi-
dence supports ibuprofen as the optimal first-line analgesic,35,36

and national statements support combining ibuprofen with
nonpharmacologic (ie, physical [ice, splinting]; psychologi-
cal [distraction]) interventions for acute pain care.3,4,37,38

Ibuprofen, a nonsteroidal anti-inflammatory drug (NSAID),
has both analgesic and anti-inflammatory effects, making it
particularly effective for musculoskeletal injuries.39 In 2010,
a systematic review of 85 RCTs included 54 trials whose data
supported ibuprofen analgesic efficacy over acetaminophen.38

A 2025 systematic review and network meta-analysis about
pharmacologic management of acute pain in children that in-
cluded 41 RCTs and 4935 children concluded that NSAIDs such
as ibuprofen provide the greatest benefit and least harm.5 No-
tably, 61% of these trials enrolled children with fractures and
sprains; however, none of them studied hydromorphone.5

These studies support ibuprofen as first-line treatment for acute
musculoskeletal injury–related pain of all intensities in chil-
dren, except for those who require immediate intranasal or in-
travenous opioids for severe pain.

Acetaminophen, although commonly used in pediatrics,
has demonstrated similar or inferior efficacy compared
with ibuprofen for treatment of acute musculoskeletal
pain. Systematic reviews of musculoskeletal injury pain care
for children demonstrated similar efficacy for ibuprofen and
acetaminophen,37 with comparable frequency of AEs.40 A sys-
tematic review and network meta-analysis that included 8 RCTs
and 1645 children with acute musculoskeletal injuries found
that ibuprofen (with or without opioids), acetaminophen, and
opioids were similarly effective for pain relief at 60 minutes
post administration.39 Another meta-analysis, which in-
cluded 18 pediatric trials, reported an overall weighted esti-
mate for standard mean difference in pain relief as 0.28
(95% CI, 0.10-0.46), indicating superior pain relief in ibuprofen-
treated children 2 hours after dosing.38

Historically, oral opioids have been used to treat pediatric
acute musculoskeletal pain.7,17,18,41 However, more recent evi-
dence suggests opioids offer no significant pain reduction over

ibuprofen, perhaps related to a lack of anti-inflammatory ac-
tion, and are associated with higher rates of AEs. An RCT of 336
children with acute arm fractures demonstrated that ibupro-
fen provided similar pain relief and better functional out-
comes compared with acetaminophen with codeine.41 Fur-
ther, an observational cohort study of 329 children receiving
ibuprofen or oxycodone for fracture pain found similar analge-
sic effectiveness but reported that 20% more children had AEs
and 11% had worse functional outcomes (ie, poor sleep, lower
activity, more missed school) with oxycodone.9 Multiple sys-
tematic reviews have confirmed that opioids provide no addi-
tional benefit over NSAIDs for acute pain relief in children.5,35,37

Furthermore, opioids can cause respiratory depression, nau-
sea, and vomiting and potentially lead to opioid diversion and
opioid use disorders, underscoring the need to limit opioid use
to more severe pain.42,43

The No OUCH trials found that addition of acetamino-
phen or hydromorphone to ibuprofen provided no additional
analgesic benefit compared with ibuprofen monotherapy for
moderate to severe musculoskeletal injury–related pain in chil-
dren. However, ibuprofen alone only adequately relieved pain
in 20% of children, suggesting further studies of adjuvant topi-
cal and nonpharmacological therapies, as well as novel drugs,
are still needed.

A strength of the No OUCH studies was the preference-
informed complementary trial design, which allowed fami-
lies with strong opinions about opioid medications to be in-
cluded in one of the trials.34 In addition, the opioid trial
included the upper limit of dosing for the most potent oral opi-
oid available in liquid form.

Limitations
The trial has several limitations. First, only children with non-
operative injuries were included. Therefore, results may not
be applicable to postoperative settings. Second, although age
and sex were reported, data about race and ethnicity and other
equity-related factors such as gender, socioeconomic status,
and preferred language were not captured. Third, although the
participants in the 2 No OUCH trials had similar characteris-
tics (eg, baseline pain score, age, sex, injury type), pooling may
have introduced bias due to unmeasured differences be-
tween the trial populations.

Conclusions
For children with acute nonoperative musculoskeletal injury,
pain scores at 60 minutes after drug administration were not
improved with use of ibuprofen and acetaminophen or ibu-
profen and hydromorphone compared with ibuprofen alone.
Adverse events were 4-fold more frequent with hydromor-
phone use.
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