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Abstract

Introduction: Acute limb trauma is a frequent emergency department presentation that
necessitates effective analgesia. Although intravenous morphine is widely used for moderate-
to-severe pain, its adverse effect profile raises concerns. Safer non -opioid alternatives, such as
intravenous acetaminophen, require further evaluation. This study aimed to compare the
analgesic efficacy and safety of intravenous acetaminophen versus intravenous morphine in
patients presenting to the emergency department with acute limb trauma.

Methods: In this randomized, double-blind, controlled clinical trial, 50 patients with acute
limb trauma at Imam Reza Hospital, Birjand, Iran, were randomly assigned to two groups (n =
25 per group) to receive either 1 g of intravenous acetaminophen or 0.1 mg/kg of intravenous
morphine. Pain was assessed using the Visual Analog Scale (VAS) at baseline, 5, 15, and 30
minutes post-treatment. Data were analyzed using Fisher's exact test, independent t-tests, and
repeated-measures analysis of variance to evaluate pain reduction and hemodynamic stability
over time.

Results: Pain scores decreased significantly over time in both groups (P <0.001). No
statistically significant differences in pain intensity or hemodynamic parameters were observed
between groups (P > 0.05). However, the incidence of adverse effects was significantly higher
in the morphine group compared to the acetaminophen group (36% vs. 4%, P = 0.011), with
nausea and vomiting being the most frequent complications in patients receiving morphine. The
need for rescue analgesia did not differ significantly (P = 0.778).

Conclusion: Intravenous acetaminophen is as effective as intravenous morphine in reducing
acute pain from limb trauma within the first 30 minutes of administration. Given its superior
safety profile characterized by significantly fewer gastrointestinal side effects and its
hemodynamic stability, intravenous acetaminophen serves as a viable and preferred non-opioid
alternative for early pain management in the emergency department.
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Introduction

Acute limb trauma is a leading cause of emergency

analgesics, particularly intravenous morphine, have
long been the mainstay for moderate to severe

department visits globally and presents a major
clinical challenge in emergency medicine (1, 2).
Acute limb trauma refers to recent traumatic injuries
of the upper or lower extremities, including
fractures, dislocations, severe contusions, and soft
tissue injuries requiring emergency analgesic
management  without  immediate  surgical
intervention (2-4). Early and effective pain
management not only reduces patient suffering but
also mitigates adverse physiological responses, such
as hemodynamic stress, prolonged hospitalization,
and reduced patient satisfaction (5). Opioid

traumatic pain due to their rapid onset and potency
(6). However, their use is increasingly scrutinized
because of well-documented adverse effects,
including nausea, vomiting, respiratory depression,
hypotension, sedation, and risk of dependency (7, 8).
In addition, the global rise in opioid-related
complications and concerns regarding opioid
overuse have encouraged the development of
opioid-sparing strategies in emergency pain
management (9-11).

Non-opioid analgesics with favorable safety
profiles, such as intravenous acetaminophen, have
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emerged as potential alternatives. Previous studies
have demonstrated the efficacy of intravenous
acetaminophen in acute pain conditions, such as
postoperative pain and renal colic (12, 13). Some
randomized trials suggest analgesic outcomes
comparable to morphine with fewer adverse effects
(14, 15). Several randomized clinical trials have
compared intravenous acetaminophen with opioids
in conditions, such as postoperative pain, renal colic,
and rib fractures (5, 16, 17). However, evidence
specifically focused on acute limb trauma in
emergency department populations remains limited
and inconsistent. Acute limb trauma represents a
distinct clinical setting because patients frequently
require rapid analgesia while simultaneously being
vulnerable to opioid-related adverse effects,
including sedation, nausea, hypotension, and
respiratory depression, which may interfere with
clinical evaluation and early stabilization. Pain
intensity, a subjective and multifactorial experience,
is most reliably measured using validated self-report
instruments, such as the Visual Analog Scale (VAS)
(18). Beyond pain reduction, contemporary pain
management emphasizes outcomes, including
hemodynamic stability, adverse-effect incidence,
and rescue-analgesia requirement (5). Prior studies
indicate that although opioids provide rapid
analgesia, they are often accompanied by higher
rates of side effects that complicate clinical
management (8).

Despite the growing literature on non-opioid
analgesia, several important gaps remain. First,
relatively few randomized controlled trials have
specifically evaluated patients with acute limb
trauma in emergency department settings. Second,
previous studies have reported inconsistent findings
regarding the magnitude and timing of pain
reduction, particularly during the first 30 minutes
following drug administration. Third, evidence from
Middle Eastern and Iranian emergency care settings
is limited, where patient characteristics, prescribing
patterns, and resource availability may differ from
those of Western populations. Furthermore, the
comparative effect of intravenous acetaminophen
and morphine on short-term VAS reduction and
early adverse effects in acute limb trauma has not
been adequately clarified. The present study aimed
to address these gaps by comparing the efficacy and
safety of intravenous acetaminophen versus
morphine in emergency department patients with
acute limb trauma, wusing a randomized,
double-blind, controlled design.
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Methods
Trial Design

This study was designed as a randomized,
double-blind, controlled clinical trial conducted in
the emergency department of Imam Reza Hospital,
Birjand, Iran. The primary objective was to compare
the analgesic efficacy and safety of intravenous
acetaminophen versus intravenous morphine in
patients presenting with acute limb trauma. This
randomized clinical trial followed the CONSORT
guidelines for reporting randomized controlled
trials. The Institutional Ethics Committee approved
the study (IR.BUMS.REC.1402.540), and the study
was prospectively registered in the Iranian Registry
of Clinical Trials (IRCT20190618043934N26).

Participants

We assessed 50 patients for eligibility, and all met
the inclusion criteria. Following informed consent,
participants were randomly assigned in a 1:1 ratio to
receive either intravenous acetaminophen (n = 25) or
intravenous morphine (n = 25). All randomized
participants received the allocated intervention. No
participants were lost to follow-up, discontinued the
intervention, or were excluded from the final
analysis. Therefore, data from all 50 randomized
participants were included in the intention-to-treat
analysis. Figure 1 shows the participant flow
throughout the trial, in accordance with the
CONSORT 2010 guidelines. The sample size was
calculated based on a two-sided comparison of mean
pain intensity (VAS) between two independent
groups using the standard formula for comparing
two means.

To minimize selection bias, all eligible patients
presenting consecutively to the emergency
department during the study period were screened
after initial triage and clinical stabilization.
Enrollment followed predefined inclusion and
exclusion criteria, and we did not select patients
based on triage level or prehospital management
decisions. This approach was applied uniformly to
both study groups to reduce selection bias.

Patients were excluded if they had hypersensitivity
to acetaminophen or morphine, opioid addiction,
pregnancy, altered consciousness, respiratory
distress, hemodynamic instability, hepatic or renal
dysfunction, or if they had received analgesics
within six hours before presentation. Baseline
demographics and clinical parameters were
recorded. To minimize the confounding effect of
injury severity, we only included patients with
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isolated limb trauma who were hemodynamically
stable and did not require immediate surgical
intervention. This ensured a more homogeneous

study population regarding the potential intensity of
the traumatic stimulus.

Assessed for eligibility (n = 50)

A
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.| * Not meeting inclusion criteria (n = 0)

4
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Figure 1. CONSORT Flow Diagram of Participants Through the Randomized Clinical Trial.

Data Collection Tools

Data were collected using a standardized case
report form, which included patients' demographic
characteristics, pain severity measured by the VAS
at Dbaseline, 5, 15, and 30 minutes post-
administration, as well as hemodynamic parameters
(systolic and diastolic blood pressure, heart rate,
respiratory rate, and oxygen saturation) and adverse
effects recorded at the same time points. The VAS is
a validated and reliable instrument, as confirmed by
extensive research conducted both nationally and
internationally.

Interventions

Participants were randomly assigned to receive
either:

Group 1 (Intervention group - intravenous
acetaminophen)

Step 1: Baseline pain and vital signs were

recorded.

Step 2: Patients received intravenous
acetaminophen 1 g diluted in 100 mL normal saline.

Step 3: The drug was infused over 15 minutes via
a peripheral intravenous line.

Step 4: No additional analgesic was administered
during the 30-minute observation period unless
rescue analgesia was required.

Step 5: Pain scores and hemodynamic parameters
were assessed at 5, 15, and 30 minutes.

Group 2 (Control/comparator group — intravenous
morphine)

Step 1: Baseline pain and vital signs were
recorded.

Step 2: Patients received intravenous morphine
sulfate 0.1 mg/kg diluted in 100 mL of normal
saline.

Step 3: The drug was infused over 5 minutes via a
peripheral intravenous line.
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Step 4: No additional analgesic was administered
during the 30-minute observation period unless
rescue analgesia was required.

Step 5: Pain scores and hemodynamic parameters
were assessed at 5, 15, and 30 minutes.

Outcome

The primary outcome was pain intensity, assessed
using the VAS (0-10) at baseline (TO0), 5 (T5), 15
(T15), and 30 (T30) minutes post-administration.
The VAS is a validated and widely used instrument
for assessing acute pain intensity in emergency
department settings, with demonstrated reliability
and sensitivity to change in previous trauma and
emergency analgesia studies (18).

Secondary outcomes included:

Hemodynamic parameters: systolic and diastolic
blood pressure, heart rate, respiratory rate, and
oxygen saturation.

Adverse effects: nausea, vomiting, dizziness,
hypotension, or respiratory depression.

Need for rescue analgesia is defined as the
administration of additional opioid or non-opioid
analgesics within 30 minutes after the initial dose (5,
16).

Trained research nurses performed all assessments
using standardized protocols.

Sample Size

The calculation was informed by previous
randomized clinical trials evaluating intravenous
acetaminophen versus morphine in acute pain
settings, including Craig et al.(5) and Serinken et al.
(19), assuming a clinically meaningful difference in
VAS score, standard deviation from prior literature,
a = 0.05, and study power of 80%.
Accordingly, the minimum required sample size was
estimated to be 23 participants per group. To account
for potential attrition, an additional 10% was
considered, resulting in a final target sample size of
25 participants per group (total n = 50).

Randomization

The dosing regimens were selected based on
previously published randomized controlled trials
and clinical guidelines in emergency pain
management, including studies by Sinatra et al.(20),
Serinken et al.(19), and Lvovschi et al.(21), which
support the use of 1 g intravenous acetaminophen
and 0.1 mg/kg intravenous morphine as standard
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emergency analgesic doses.

The randomization sequence was generated using
computerized  block  randomization.  Block
randomization with variable block sizes was used to
ensure balanced group allocation throughout the
study period. Allocation concealment was ensured
via sealed opaque envelopes.

These envelopes were prepared by an independent
researcher who was not involved in patient
recruitment, intervention administration, or outcome
assessment. Both patients and healthcare providers
were blinded to group assignment.

In addition, a nurse not involved in data collection
prepared study medications in identical syringes and
infusion bags, and outcome assessors were blinded
to treatment allocation to maintain full double-blind
conditions.

Statistical Analysis

Data were analyzed using IBM SPSS (version
19.0). The normality of continuous variables was
assessed using the Kolmogorov—Smirnov test and
visual inspection of histograms. Descriptive
statistics were reported as mean =+ standard deviation
for normally distributed data.

For between-group comparisons, the independent
samples t-test was employed for normally
distributed continuous data. Categorical variables
were compared using the chi-square test or Fisher's
exact test, as appropriate. To evaluate the changes in
pain scores and hemodynamic parameters over time
within and between groups, a repeated-measures
analysis of variance (ANOVA) was performed. The
assumption of sphericity was checked using
Mauchly's test; if violated, Greenhouse-Geisser
corrections were applied. Post-hoc analyses were
conducted using the Bonferroni correction to adjust
for multiple comparisons. A two-sided P < 0.05 was
considered statistically significant.

Results

All 50 enrolled patients completed the study.
Baseline demographic and clinical characteristics
were comparable between groups (P > 0.05) (Table
1). The mean age was 34.8 £ 10.2 years in the
acetaminophen group and 36.5 £ 9.8 years in the
morphine group. Male patients constituted 56% and
60% of the acetaminophen and morphine groups,
respectively.
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Table 1. Baseline Demographic and Clinical Characteristics of Study Participants.

Variable Acetaminophen (n = 25) Morphine (n = 25) P value

Age (y) 34.8+10.2 36.5+9.8 0.567
Sex, No. (%) 0.742
Male 14 (56) 15 (60)

Female 11 (44) 10 (40)

BMI (kg/m?) 249+3.1 253+3.0 0.648
Baseline SBP (mmHg) 125.36 £ 4.78 124.60 + 4.39 0.561
Baseline DBP (mmHg) 81.12 +5.54 79.80 + 6.15 0.429
Baseline HR (bpm) 80.92 + 5.36 79.04 % 7.03 0.333
Baseline RR (breaths/min) 14.44 + 0.82 17.12+2.10 0.667

Abbreviations: BMI, body mass index.

Both groups experienced a significant reduction in
pain intensity over time. The mean VAS scores
decreased from 6.12 + 0.88 to 2.76 = 1.71 in the
acetaminophen group and from 7.08 + 1.03 to 2.52
+ 1.93 in the morphine group over the 30-minute
follow-up period. Repeated-measures ANOVA
demonstrated a significant time effect for pain
reduction in both groups (P<0.001). However, no

statistically significant overall difference was
observed between the acetaminophen and morphine
groups (group effect: P > 0.05), and the interaction
between time and treatment group was not
statistically significant (time x group interaction:
P>0.05). In addition, no statistically significant
between-group differences were observed at
baseline, 5, 15, or 30 minutes after treatment (all P
values>0.05) (Table 2).

Table 2. Changes in Pain Intensity Measured by Visual Analog Scale (VAS) Over Time.

Time (min) Aclf;:::li':’gge“ nl\q/le(;?i“slf) P value
Baseline 6.12+0.88 7.08 = 1.03 0.333
5 6.00 £ 0.95 5724133 0.333
15 3.88+1.12 3.84+121 0.999
30 276171 252+193 0.667
Repeated measure P <0.001 P <0.001

These findings indicate that no statistically significant difference in pain reduction was observed between
intravenous acetaminophen and morphine during the first 30 minutes following acute limb trauma.

Systolic and diastolic blood pressure, heart rate, and respiratory rate remained stable in both groups throughout
the study period (P > 0.05). No clinically significant deterioration was observed, indicating favorable
hemodynamic safety profiles for both interventions (Table 3).

Adverse effects occurred in one patient (4%) in the acetaminophen group and nine patients (36%) in the
morphine group, with nausea and vomiting being the most commonly reported events (P = 0.011; Fisher's exact
test). The requirement for rescue analgesia did not differ significantly between groups (44% vs. 52%; P =0.778;
Fisher's exact test). However, given the relatively small sample size, these findings should be interpreted
cautiously, particularly for secondary outcomes, such as adverse effects and rescue analgesia, because the study
may have been underpowered to detect modest between-group differences.
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Table 3. Adverse Effects and Requirement for Rescue Analgesia.

Outcome Acetaminophen (n = 25) Morphine (n = 25) P value
Nausea 0(0) 5(20)
Vomiting 0(0) 3(12)
Any adverse Dizziness 1 (4) 1(4) 0.011
effect, No. (%) Hypotension 0(0) 0(0)
Total 1(4) 9 (36)
Need for rescue analgesia 11(44) 13 (52) 0.778

Discussion

The primary aim of this randomized double-blind
clinical trial was to compare the analgesic efficacy
and safety of intravenous acetaminophen versus
intravenous morphine in patients presenting with
acute limb trauma in the emergency department
setting. The present study specifically addressed the
limited and inconsistent evidence regarding
analgesic management in patients with acute limb
trauma presenting to the emergency department.
While previous studies have evaluated intravenous
acetaminophen in conditions, such as postoperative
pain and renal colic, comparatively few
investigations have focused specifically on acute
limb trauma, despite its unique clinical challenges
and the need for rapid, safe analgesia in emergency
settings. In the current study, both intravenous
acetaminophen and morphine produced rapid and
significant pain reduction during the first 30 minutes
after administration, with no statistically significant
difference observed between groups. These findings
contribute to filling an important clinical knowledge
gap in emergency trauma pain management.
Previous studies have reported mixed findings
regarding the relative speed of onset and peak
analgesic effects of acetaminophen versus opioids.
Some trials suggest that opioids may provide slightly
faster initial pain relief during the first few minutes
after administration, whereas others have reported
no clinically significant differences between the two
agents during the first 30—60 minutes.

Pain intensity decreased significantly in both
groups over the 30-minute observation period, with
no statistically significant difference between
acetaminophen and morphine at any measured time
point. Previous randomized clinical trials have
reported that intravenous acetaminophen may
provide analgesic effects comparable to opioids in
certain acute pain settings, particularly traumatic
extremity injuries and selected emergency
department populations. In addition, systematic and
evidence-based reviews have suggested that
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intravenous acetaminophen can be considered a
potential opioid-sparing strategy in acute pain
management (14, 17, 22). The comparable efficacy
observed in this study suggests that acetaminophen
can be considered a first-line option for moderate
acute pain in emergency departments, particularly
when opioid use is contraindicated or poses
additional risks.

The  analgesic  effects of intravenous
acetaminophen are believed to involve central
mechanisms, including modulation of central
prostaglandin pathways and pain signaling processes
(23). Unlike opioids, acetaminophen does not act on
p-opioid receptors, which explains its lack of
respiratory depressant and sedative effects, making
it particularly suitable for emergency care in patients
with comorbidities or hemodynamic instability.

One of the most clinically significant findings of
this study is the markedly lower incidence of adverse
effects in the acetaminophen group compared to the
morphine group (4% vs. 36%). Opioid-related
adverse effects, including nausea, dizziness,
sedation, hypotension, and respiratory depression,
are well recognized in emergency pain management
and may complicate patient stabilization and
monitoring in acute trauma settings (24).
Acetaminophen's reduced side-effect profile not
only improves patient comfort and satisfaction but
also reduces the need for additional interventions to
manage complications, such as antiemetics or
intravenous fluids.

Hemodynamic parameters remained stable in both
groups throughout the study period, and no clinically
significant deterioration was observed following
administration of either intravenous acetaminophen
or morphine. These findings suggest that both
analgesic approaches were generally well tolerated
from a hemodynamic perspective during early
emergency management of acute limb trauma,
although previous studies have reported that
intravenous acetaminophen may occasionally be
associated with transient hemodynamic changes,
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particularly in critically ill patients (25). This finding
is particularly important in acute trauma patients,
especially those at risk of hypovolemia, occult
bleeding, or hemodynamic compromise, in whom
additional hypotension or respiratory depression
associated with opioids may complicate early
stabilization and clinical assessment in the
emergency department.

The findings support the integration of opioid-
sparing strategies in acute pain management
protocols. By providing effective analgesia without
opioid-related respiratory and sedative effects,
intravenous acetaminophen may contribute to
opioid-sparing approaches in emergency pain
management and potentially reduce opioid exposure
in selected patients (26).

Moreover, the comparable need for rescue
analgesia between groups suggests that initial
administration of acetaminophen does not
compromise overall pain management. These
findings suggest that intravenous acetaminophen
may be used either as a standalone analgesic or as
part of a multimodal pain management strategy
aimed at optimizing analgesic efficacy while
minimizing opioid-related adverse effects (27).

Previous studies comparing non-opioid and opioid
analgesic strategies in acute pain settings have
reported variable findings regarding the onset and
magnitude of analgesic effects, with some studies
demonstrating comparable short-term pain reduction
between treatment approaches (28). In the present
study, pain reduction in both groups was rapid and
sustained, suggesting that acetaminophen is
sufficient for early trauma pain control in most
patients.

Additionally, prior research often focused on
specific pain conditions, such as renal colic or
postoperative pain, which may not accurately reflect
pain mechanisms in limb trauma. The current study
addresses this gap by providing evidence
specifically for acute limb trauma, a common and
distinct population in emergency medicine, thereby
enhancing the clinical applicability of the findings.

Although intravenous acetaminophen
demonstrated a favorable short-term safety profile in
the present study, important safety considerations
should be acknowledged. Acetaminophen dosing
must remain within recommended therapeutic limits
(generally not exceeding 4 g/day in adults), and
caution is warranted in patients with hepatic
dysfunction, chronic alcohol use, malnutrition, low
body weight, or other conditions associated with

increased susceptibility to hepatotoxicity. In
addition, the short observation period of the present
emergency department study was not designed to
evaluate delayed hepatic adverse effects, which may
not become clinically apparent during early follow-
up.

Despite the strengths of a randomized, double-
blind design, several limitations warrant
consideration. A key limitation is the short follow-
up period (30 minutes), which was designed to
assess early analgesic response in the emergency
department setting. While this timeframe is
appropriate for evaluating rapid-onset analgesia and
immediate adverse effects, it does not fully capture
the longer duration of action of morphine compared
with intravenous acetaminophen. Therefore, the
findings primarily reflect short-term analgesic
efficacy rather than sustained pain control.
Additionally, pain assessment relied on self-reported
VAS scores, which, although wvalidated, remain
inherently subjective. The relatively small sample
size may have reduced the statistical power to detect
modest between-group differences, particularly for
secondary outcomes, such as adverse effects and
rescue analgesia requirements. Consequently, the
possibility of type Il error cannot be excluded, and
these findings should therefore be interpreted with
caution. Furthermore, while we focused on acute
limb trauma, a formal injury severity scoring system
(e.g., Injury Severity Score) was not utilized to
categorize the extent of tissue damage. Although we
attempted to standardize the population by
excluding unstable patients, the lack of control for
specific injury severity remains a limitation that may
have influenced baseline pain levels and individual
responses to analgesia.

Future studies with extended follow-up periods
(e.g., 1-6 hours or longer) are recommended to
better compare the full pharmacodynamic profiles of
these agents. Further research with larger
multicenter studies and extended follow-up is
recommended to evaluate long-term outcomes, cost-
effectiveness, and combination therapy approaches.
Future studies should also investigate multimodal
analgesic  strategies = combining  intravenous
acetaminophen with lower opioid doses, as well as
evaluate efficacy and safety in specific patient
populations, such as elderly trauma patients, patients
with multiple comorbidities, and hemodynamically
vulnerable individuals.
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Conclusion

This randomized double-blind clinical trial
demonstrated that intravenous acetaminophen
achieved pain reduction comparable to intravenous
morphine during the early management of acute
limb trauma in the emergency department, while
showing a lower frequency of adverse effects and
maintaining hemodynamic stability. These results
support the use of intravenous acetaminophen as an
effective opioid-sparing alternative in emergency
pain  management. Incorporating non-opioid
analgesics into standard emergency protocols may
enhance patient safety, improve tolerability, and
optimize overall trauma care. Further research with
larger, multicenter studies and extended follow-up is
recommended to evaluate long-term outcomes, cost-
effectiveness, and combination therapy approaches.
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