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Study objective: We compare paracetamol with a combination of paracetamol, ibuprofen, and codeine for pain relief in acute
minor musculoskeletal injuries.

Methods: This was a prospective, double-blind, randomized, active-controlled, parallel-arm study at an urban tertiary hospital
emergency department. Participants were aged 18 to 65 years and had acute (<48 hours) closed limb or trunk injuries with
moderate pain (greater than 3/10). A single dose of 1 g of paracetamol, 400 mg of ibuprofen, and 60 mg of codeine was
compared with a single dose of 1 g of paracetamol, placebo ibuprofen, and placebo codeine. The minimum detectable difference
in pain was taken as 1.3.

Results: Baseline characteristics and pain were similar. There were clinically detectable reductions in pain at rest at 60 minutes
for paracetamol: -1.6; 95% confidence interval (Cl) -2.2 to -1.1); n=59 and the combination -2.0; 95% Cl -2.5 to -1; n=59;
difference -0.4; 95% Cl -1.1 to 0.29; P=.26. At 120 minutes, the reduction in pain was -2.4; 95% CI -3.2 to -1.6 for

paracetamol (n=30) and -2.9; 95% CI -3.7 to -2.2 for the combination (n=35); difference -0.5; 95% Cl -1.6 to 0.5; P=.32.
Rescue analgesia was required by 4 of 59 patients in the paracetamol group and 5 of 60 in the combination group (P>.99). More
participants in the combination group had adverse events: 14 of 60 versus 5 of 59 in the paracetamol group, relative risk 2.8;

95% Cl 1.1 to 7.2. No adverse events were serious.

Conclusion: Combining oral paracetamol, ibuprofen, and codeine as the initial treatment for pain associated with acute
musculoskeletal injuries was not superior to paracetamol alone for pain reduction at 60 minutes or need for rescue analgesia,
with more adverse events in the combination group. [Ann Emerg Med. 2019;74:521-529.]
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INTRODUCTION
Background

Prescribing opioids in the acute setting has been
identified as a risk for subsequent long-term opioid use.'
Despite this, the use of opioids is common for the
management of moderate to severe pain caused by acute
musculoskeletal injuries. A recent audit in our department
(unpublished data) found that more than a third of patients
were prescribed oral opioids either alone or in combination
with nonsteroidal anti-inflammatory drugs and paracetamol
for moderate to severe pain related to such injuries. This
practice is not supported by the available evidence, with a
Cochrane review finding that using oral opioid compared
with nonsteroidal anti-inflammatory drugs offered no
benefit in terms of pain relief but may have increased the
incidence of adverse events. This review also found that the
combination of paracetamol and opioid did not provide

better pain relief than nonsteroidal anti-inflammatory drugs
alone.” However, the quality of evidence was very low and
few studies contributed to this body of evidence.”

Several studies compared paracetamol with a
combination of paracetamol and nonsteroidal anti-
inflammartory drugs, finding no clinically important
differences in analgesic efficacy and adverse events.””
Another study compared the addition of opioids with
paracetamol and nonsteroidal anti-inflammatory drugs in
this setting, also finding no difference in analgesia.”

Importance

To our knowledge, no previous studies have compared
the efficacy of paracetamol alone with a combination of
paracetamol, nonsteroidal anti-inflammatory drugs, and an
opioid for moderate and severe pain in the setting of acute
musculoskeletal injury. If there were no difference between
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Editor’s Capsule Summary

What is already known on this topic

The coadministration of different analgesics may be
synergistic.

What question this study addressed

Does the combination of acetaminophen 1,000 mg,
ibuprofen 400 mg, and codeine 60 mg provide
greater analgesia than acetaminophen 1,000 mg
alone?

What this study adds to our knowledge

In this adequately powered, randomized, double-
blind trial of 118 adults with acute musculoskeletal
pain, pain scores were similar at 60 minutes in both
groups. There were more adverse events in the
combination group.

How this is relevant to clinical practice

At the standard doses studied, supplementing
acetaminophen with ibuprofen and codeine does not
enhance analgesia.

paracetamol alone compared with this combination of
analgesics for moderate or severe pain, then there would be
little reason to prescribe oral opioids in this setting.

Goals of This investigation

The primary aim of this study was to determine whether
adding nonsteroidal anti-inflammatory drugs and codeine
at routinely prescribed doses to paracetamol provided
superior analgesic efficacy in the setting of moderate or
severe pain from acute musculoskeletal injury. The primary
outcome was difference in pain relief between the groups at
60 minutes for pain at rest. The secondary outcomes were
difference in pain relief at 60 minutes for pain on activity,
rest and activity pain at 120 minutes, need for rescue
analgesia, and the rate of adverse events between the
groups.

MATERIALS AND METHODS
Study Design and Setting

This was a prospective, double-blind, randomized, active-
controlled, parallel-arm study, conducted between
September 3 and November 25, 2018, in the adult
emergency department (ED) at Auckland City Hospital. The
hospital is an academic urban tertiary referral hospital, with
an annual census of 72,000 patients aged 15 years and older.

Selection of Participants

We recruited adult patients presenting to the ED
between 8 AM and midnight 7 days per week, with at least
moderate pain (pain scores >3 of 10). Other inclusion
criteria were aged 18 to 65 years, acute closed limb or trunk
injury (<48 hours), and suitable for oral analgesia (as
determined by the treating clinician).

Patients were excluded if they needed time-critical
interventions (such as immediate reduction of dislocated
joints or obviously displaced fractures), had digital injuries
requiring immediate nerve block, had open injuries
(lacerations), were pregnant or breastfeeding, had a
contraindication or allergy to one of the study medications
(including peptic ulcer disease, asthma, and known hepatic
or renal impairment), were acutely intoxicated, had
received analgesia within 4 hours before presentation, or
were regular users of analgesics for chronic conditions.

The study conformed to the ethical guidelines of the
1975 Declaration of Helsinki. Approval was obtained from
the Health and Disability Ethics Committee, the Auckland
District Health Board research committee, and the
University of Monash ethics review committee. An
amendment to the protocol was submitted on August 21,
2018, because of a New Zealand Medicines and Medical
Devices Safety Authority restriction on prescribing codeine
for patients younger than 18 years,” and this was approved
on September 6.

Interventions

Participants were randomized either to a combination
of 1 g paracetamol, 400 mg ibuprofen, and 60 mg
codeine (the combination group) or the active control
group, consisting of 1 g paracetamol and placebo
ibuprofen and codeine (the paracetamol group).
Participants in both groups received 5 capsules identical
in appearance. An independent clinical trial pharmacist
determined the randomization schedule, using the
randomize function in Microsoft Excel (version 2016;
Microsoft, Redmond, WA). Patients were randomly
assigned to the intervention and control groups through a
computer-generated sequence in a 1:1 fashion in blocks
of 10. The study medication was provided by the
pharmacy in a plain cardboard box, numbered
sequentially. Once a participant had consented to the
study, he or she was provided with the next box in the
sequence. The number on the box became the
participant’s unique study number. The researchers,
research assistants, clinicians, and participants were
blinded to both the randomization process and the
preparation and allocation of study medications.
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Methods of Measurement

Baseline demographics (age, sex, and ethnicity), chief
complaint, and baseline pain at rest and activity were
collected by a trained research assistant, masked to study
assignment with a standard case record form (Appendix E1,
available online at http://www.annemergmed.com).
Written informed consent was obtained from each
participant. Pain was assessed by the research assistants at
baseline, using a verbal rating scale. This was a validated
11-item scale from zero to 10,'° with zero being no pain
and 10 being the worst pain imaginable.

Outcome Measures

Pain assessments were repeated by the research assistant at
60 minutes and 120 minutes (if the patient had not been
discharged from the ED at that point). A difference of 1.3 0f 10
on the verbal rating scale was set as the minimum clinically
detectable value.'”'" Patients were able to access rescue
analgesia during the study in the form of intravenous
morphine or other as prescribed at the discretion of the treating
physician. At the end of the study period, participants were
asked whether they experienced adverse events, what that
adverse event was, the severity (mild, moderate, or severe), and
what action was taken to mitigate the adverse event.

In a previous study, the response within each subject
group was normally distributed, with SD of the within-
group change of 20 mm on a 100-mm visual analog scale'”
(equivalent to 2 points on the verbal rating scale). If the true
difference in the experimental and control means was 13
mm (equivalent to 1.3/10 points on the verbal rating scale),
we needed to study 51 participants in each group to be able
to reject the null hypothesis that the population means were
equal with probability (power) of .9 and type I error
probability of .05."” We rounded up the number of patients

required per arm to 60 to account for potential dropouts.

Primary Data Analysis

Analysis and reporting were in line with the
Consolidated Standards of Reporting Trials'* guidelines
based on a prespecified analysis plan approved by the
institutional research committee. Statistical analysis was
undertaken before unmasking of the study treatments. The
distribution of continuous data was explored with
histograms and normality plots. All data were analyzed as
intention to treat. The difference in means between the
groups at 60 minutes was tested with the independent-
samples 7 test. The difference in means between the groups
at 120 minutes was tested with a mixed ANOVA test for
repeated measures. Counts and proportions with 95%
confidence intervals (Cls) were used to describe categoric

data. The x? test for proportions or Fisher’s exact test as
appropriate was used to test for differences in need for
rescue analgesia and adverse events between the groups.
Statistical analysis was conducted with SPSS (version 24;
Armonk, NY). Hybrid parallel line plots were generated
with Stata (version 15.1; StataCorp, College Station, TX),
using the method described by Schriger.'”

RESULTS

During the study period, 832 patients were approached
in the ED to participate. Seven hundred thirteen were
excluded because they did not meet the selection criteria.
This included 5 who were missed during screening because
of unavailability of research staff and 82 who declined
consent. The remaining 626 patients had contraindications
to participating in the study (Figure 1).

Sixty participants were enrolled into the combination
group and 59 into the paracetamol-only group. One
participant in the combination group did not have pain
scores documented after receiving nitrous oxide before 60
minutes (missing data). Two participants in the paracetamol
group had protocol violations. One had an orbital contusion
with minor closed head injury and the other had chronic
pain and no acute injury according to the treating clinician.
These participants were included in the intention-to-treat
analysis. Almost half of the patients dropped out before the
120-minute pain score because of being discharged from the
ED, 22 in the combination group and 28 in the paracetamol
group. Four and two participants received rescue analgesia
before 120 minutes, in the combination and paracetamol
groups, respectively. Finally, one participant in the
combination group was unable to state the degree of pain on
activity at baseline, and one other in this group was unable
to state the degree of activity pain at 60 minutes.

Baseline characteristics were similar in the 2 groups,
although there were numerically more men in the
combination group and more fractures in the paracetamol
group. Both groups had similar baseline pain, which was
moderate at rest and severe with activity (Table 1).

Table 2 shows the pain reduction and difference between
treatments at 60 minutes. At this time, both treatments
provided clinically detectable pain relief, with no difference
between them. The 95% Cls around the point estimates of
difference did not include the clinically detectable difference
for either pain at rest or with activity at this point.

Table 3 shows the pain reduction and difference between
treatments at 120 minutes. Both treatments provided pain
relief at a clinically detectable level. There was no difference
between the groups for rest pain, whereas there was a
statistically significant difference for activity pain. For this
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Assessed for eligibility (n=832) Excluded (n=713)

+ Not meeting inclusion criteria (n=626)
Analgesia <4hr (n=242)
Pain mild =3/10 (n=119)
Injury >43hr (n=98)
Open Wound (n=28)
Declined analgesia (n=26)
Nerve block (n=23)
Medication contra-indicated (n=29)
Multi-frauma (n=17)
Head injury (n=10)
Intoxication (n=10)
Time critical intervention (n=5)
Pregnant/Breast feeding (n=3)
Chronic pain (n=2)

+ Declined to participate (n=82)

+ Unable to consent (n=7)

« Missed during screening (n=5)

A 4

| Enroliment |

Randomized (n=119)

- [ Allocation ] L
Allocated to Combination Analgesia (n=60) Allocated to Paracetamol (n=59)
« Received allocated intervention (n=60) + Received allocated intervention (n=59)
« Did not receive allocated intervention (n=0) « Did not receive allocated intervention (n=0)
‘ Follow-Up v
Lost to follow-up 60min (n=0); 120 min (n=22) Lost to follow-up 60min (n=0); 120min (n=28)
Discontinued intervention: unable to swallow Discontinued intervention (n=0)
study medication (n=1)
' ( =
| Analysis v

Analyzed at 60 minutes Rest Pain (n=59)
« Excluded: missing pain data (n=1)

Analyzed at 60 minutes Rest and Activity Pain (n=59
Analyzed at 60 minutes Activity Pain (n=57) ity ( )

« Excluded: missing pain data (n=1); unable to state pain
score with activity at baseline (n=1); unable to state pain
score with activity at 60min (n=1)

Analyzed at 120 minutes Rest Pain (n=35)

+ Excluded: missing pain data at 120min (n=3) ) o )
Analyzed at 120 minutes Rest and Activity Pain (n=30)

Analyzed at 120 minutes Activity Pain (n=33) + Excluded: missing pain data at 120min (n=1)
« Excluded: missing pain data at 120 min (n=3) or unable
to state pain score with activity at baseline (n=1) or 60min
(n=1)

Analyzed for Rescue Analgesia and AE (n=60) Analyzed for Rescue Analgesia and AE (n=59)

Figure 1. CONSORT diagram. AE, Adverse events.
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Figure 2. Pain reduction at 60 minutes. A, Reduction in rest pain. B, Reduction in pain on activity. C, Combination; P, paracetamol.

outcome, the point estimate of the difference was below the
clinically detectable level, although the 95% ClIs of the
difference included a clinically detectable difference: —1.1
(95% CI -2.3 to0 0.1).

Figure 2 shows the change in pain scores for each
participant in each group, along with group averages
summarized as box plots.

The drop lines show the baseline and 60-minute pain
scores on the verbal rating scale (0 to 10). The box plots
beside the drop lines summarize the pain at each point for

the group as a whole, whereas the box plots to the right of
the graph summarize the change in pain for each group.
Table 4 shows adverse events and the need for rescue
analgesia. There was no difference between the groups in
the number needing rescue analgesia (relative risk 1.2, 95%
CI 0.35 to 4.4) for the combination group compared with
paracetamol. The combination group had significantly
more adverse events in total compared with the
paracetamol group (RR 2.8; 95% CI 1.1 to 7.2), although

all adverse events were mild. The number needed to harm
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Table 1. Baseline characteristics.

Combination Paracetamol
Variable (n=60) (n=59)
Median (IQR) age, y 28.5 (22-43.5) 30 (23-38)
Men, No. (%) 40 (66.7) 29 (49.2)
Ethnicity, No. (%)
Asian 17 (28.3) 9 (15.8)
European 28 (46.7) 32 (54.2)
Maori 4 (6.7) 10 (16.9)
Pacific Islander 6 (10.0) 3 (5.1)
Other 5 (8.3) 5 (8.5)
Types of injury, No. (%)
Sprain 40 (66.7) 31 (52.5)
Fracture 7 (11.7) 14 (23.7)
Contusion 13 (21.7) 12 (20.3)
Other (1 burn; 1 not 0 2 (3.3)
acute injury)
Site of injury, No. (%)
Lower limb 41 (68.3) 39 (66.1)
Upper limb 18 (30) 15 (26.3)
Trunk 1(1.7) 4 (6.8)
Other (face) 0 1(1.7)
Mean baseline pain score 5.8 (5.2-6.4) 5.8 (5.2-6.3)
at rest out of 10 (95% Cl)
Mean baseline pain score with 8.4 (8.0-8.9) 8.4 (8.0-8.9)

activity out of 10 (95% Cl)

for any adverse events in the combination group compared
with the paracetamol group was 7 (95% CI 4 to 50).

LIMITATIONS

Our study has several limitations. Not recruiting
participants overnight meant that the sample was not
consecutive. In the audit that preceded this study, we found
that approximately 90% of potentially eligible patients
presented during study hours, and it would not have been
cost-effective to employ research staff overnight because of
high likelihood of low recruitment. We believe this did not
bias the study in favor of a particular group and will not
limit the generalization of the results to all eligible patients.

Our results cannot be extrapolated to patients with open
wounds or head or facial injuries because we excluded
patients with these injuries. Because of our age restriction,
the findings may not be applicable to people younger than
18 years or older than 65 years. Our results may also not
apply to other centers, which may treat different patients or
use different analgesic agents. The medications chosen and
doses were based on our local prescribing patterns at
recommended doses. Earlier studies in this setting used
cither subtherapeutic™*” or therapeutic doses of
nonsteroidal anti-inflammatory drugs”® in combination
with paracetamol. Not including a placebo group means
that we cannot be sure that the study medications were any
better than placebo alone. We considered it unethical not
to provide analgesia to patients in moderate or severe pain,
and the efficacy of the study medications above placebo has
been long established."®

Our primary endpoint of 60 minutes was chosen
because it is appropriate to attempt to relieve moderate to
severe pain quickly, and patients with the types of injuries
we were interested in are often discharged within 1 to 2
hours of arrival in our ED. This assumption was confirmed
in the study by a high proportion of discharges before 120
minutes, which was at the discretion of the treating
clinicians. A condition of our institutional approval was
that participation in the study not result in longer stays in
the ED than were clinically indicated. The study was
therefore underpowered for the 120-minute analysis
because nearly half of patients had been discharged by this
time and lost to follow-up. More participants in the
paracetamol group were discharged before 120 minutes,
which may bias toward finding higher pain scores in the
paracetamol group, if pain was higher in patients who were
not discharged, although we cannot assume this.

The study was also not powered to detect the observed
small difference in the number needing rescue analgesia
between the groups.

Our results suggest that it may take 120 minutes for
clinically important analgesia to be achieved by the oral
route. A previous study using patient-reported pain
perception showed that the onset of analgesic effect
through oral paracetamol tablets was approximately 45

Table 2. Pain reduction and differences between treatments in change of mean pain scores (out of 10) at 60 minutes.

Reduction in Pain Combination (n=59) Paracetamol (n=59) Mean Difference P Value*
Pain at rest (95% Cl) -2.0 (-2.5to -1.5) -1.6 (-2.0to -1.1) -0.4 (-1.1 to0 0.3) .26
Pain with activity (95% Cl) -1.8 (-2.3t0 -1.3)" -1.6 (-2.1t0 -1.1) -0.2 (-0.9t0 0.5) .58

*Independent-samples t test.

Th=57 Because one participant was unable to state baseline activity pain and one was unable to state activity pain at 60 minutes.
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Table 3. Pain reduction and differences between treatments in change of mean pain scores (out of 10) at 120 minutes.

Reduction in Pain Combination (n=35) Paracetamol (n=30) Mean Difference P Value*
Pain at rest (95% Cl) -2.9 (-3.7 to -2.2) -2.4 (-3.2to0 -1.6) -0.5 (-1.6 to 0.5) .36
Pain with activity (95% ClI) -3.0(-3.8t0 -2.2)" -1.9 (-2.8 to -1.0) -1.1(-2.3t00.1) .04

*Mixed between-within ANOVA for repeated measures.

Th=33 Because one participant was unable to state baseline activity pain and one was unable to state activity pain at 60 minutes.

minutes,'” whereas another study showed paracetamol by
the oral route to reach maximum cerebral and plasma
serum levels after 2 hours.'® This has implications for the
future design of trials of oral analgesics in this setting,.

Despite randomization, there were numerically (but not
statistically) more male patients in the combination group,
although it is not clear how this would bias the results.
Conversely, there were more fractures in the paracetamol
group, which also inadvertently included a patient with
chronic pain reported as severe at all points. These factors
may have biased toward finding better analgesic efficacy for
combination therapy.

In our hospital, codeine is the most commonly
prescribed opioid in this setting, which is why it was chosen
for this study. We recognize that because of genetic
polymorphism, approximately 10% of people will be
nonresponders to codeine,'” so it is not considered the
opioid of choice in many other hospitals. However,
previous studies directly comparing codeine with
oxycodone or hydrocodone in a setting similar to ours
found no difference in analgesic efficacy between them.”

Last, there may be other bias that we failed to account
for, such as the use of nonpharmacologic treatments such as
ice, compression, elevation, splints, plaster of paris, and

,20

Table 4. Rescue analgesia and adverse effects.

Combination Paracetamol Relative Risk

Outcome (n=60) (n=59) (95% CI)
Received rescue 5 (8.3) 4 (6.8) 1.2 (0.4-4.4)

analgesia, No. (%)
Adverse effects, No. (%)

Nausea or vomiting 2 (3.3) 0 (1.7) Not calculable

Drowsiness, dizziness, 10 (16.7) 5 (8.5) 2.0 (0.7-5.4)

or light-headedness

Other* 4 (6.7) 0 Not calculable

Total® 14 (23.3) 5 (8.5) 2.8 (1.1-7.2)

*Three patients reported feeling hot and one reported shortness of breath, but none
had objective signs of hypersensitivity or required specific treatments for the adverse
events.

TTwo patients in the combination group had 2 adverse events, so the total is not the
sum of individual adverse events.

slings. Randomization should have mitigated such bias, but
because this was not recorded we cannot be certain that the
2 groups were similar in this respect.

DISCUSSION

We report the first study in the literature, to our
knowledge, comparing a combination of paracetamol,
ibuprofen, and codeine with paracetamol alone for the
management of pain related to acute musculoskeletal injuries.
There were no statistically significant or clinically important
differences between the groups in pain reduction at rest or
activity at 60 minutes. Although a slight difference in favor of
the combination group approached the minimum clinically
detectable threshold for activity pain at 120 minutes, the Cls
around the point estimate of the difference were wide. The
high number of dropouts before this time means that the
study was underpowered to detect the observed difference at
this point, so this finding is at high risk of bias. There were
more adverse events in the combination group, with 1 extra
adverse event for every 7 patients given the combination. The
results of our study add to the body of evidence that multiple
analgesics given together provide no additional benefit to
paracetamol given alone in the setting of acute
musculoskeletal injury, and that the addition of opioid may
increase the risk of adverse events.”®

To our knowledge, no previous studies have compared
paracetamol to paracetamol with nonsteroidal anti-
inflammatory drugs and opioid in this setting. However,
previous studies have found that opioids may have more
adverse events compared with nonsteroidal anti-
inflammatory drugs” and that the combination of
paracetamol and nonsteroidal anti-inflammatory drugs does
not provide superior analgesia to paracetamol alone for pain
from acute musculoskeletal injury.”” Adding oxycodone or
codeine to the combination of paracetamol and nonsteroidal
anti-inflammatory drugs also did not improve analgesic
efficacy,” findings that are consistent with those of our study.

In our study, the degree of pain reduction observed was
less than may be considered ideal for both groups. Despite
this, less than 10% of participants requested rescue
analgesia, the reasons for which are unclear. Our results are
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similar to those reported previously in this setting,””
suggesting that oligoanalgesia remains an issue in the ED,
despite the addition of oral opioid to analgesic regimens.
In conclusion, we found no statistically significant or
clinically important difference between the groups for pain
reduction or need for rescue analgesia at 60 minutes,
whereas there were more adverse events in the combination
group. The practice of combining oral paracetamol,
ibuprofen, and codeine as the initial treatment for
moderate to severe pain associated with acute
musculoskeletal injuries is not supported by this study.
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