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ABSTRACT

Introduction: Acute pain is a common symptom in patients with bone fractures referring to the
emergency department (ED).

Objectives: The present study aimed at evaluating the efficacy of intravenous (IV) magnesium
sulfate in controlling acute pain of long-bone fractures in EDs.

Patients and Methods: The present double-blind, randomized clinical trial was conducted
on patients with isolated limb fractures referred to Golestan hospital of Ahvaz from 2019 to
2020. Patients in the intervention group were injected with 0.1 mg/kg morphine plus 30 mg/kg
magnesium sulfate and 0.1 mg/kg morphine alone in the morphine group. The patient’s pain
scores were measured at 0, 15, 30, 45 and 60 minutes after injection. The patients’ condition was
monitored every 10 minutes, including respiratory and pulse rate, blood pressure, and knee reflex.
Results: The present study was conducted on 64 patients with long-bone fractures allocated to
two groups of IV morphine plus magnesium sulfate and IV morphine alone (each of 32). The
hemodynamic factors and mean body temperature did not significantly change after intervention
and had a similar level in both groups. Before the intervention, the mean score of pain was
measured in the morphine and magnesium sulfate plus morphine groups using a visual analogue
scale. Results which were 8.87+0.83 and 8.93+0.94, respectively, showing no significant differences
(P=0.69). After 60 minutes, the pain score reduced considerably in both groups.

Conclusion: In the study, magnesium sulfate plus morphine could better reduce pain than
morphine alone without influencing the respiratory rate.

Trial Registration: The trial protocol was approved by the Iranian Registry of Clinical Trials
(IRCT20190617043913N1; https://en.irct.ir/trial/40370, ethical code# IR.AJUMS.REC.1398.143).

Implication for health policy/practice/research/medical education:

Acute pain is a common symptom in patients with bone fractures referring to the emergency department. The present study was
conducted on patients with isolated limb fractures. Magnesium sulfate plus morphine could better reduce pain than morphine
alone without influencing the respiratory rate.
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Introduction

Acute pain is commonly seen in patients with bone
fractures, referring to the emergency departments (EDs)
(1).Reduction of pain isa priority for emergency physicians
in ED. Pain management is often associated with delayed
anesthesia, pain control, and patient satisfaction (2,
3). Medication is the main and common factor in pain
management (4); however, prescriptions have significant
side effects in the short and long term. For several years,
the drug, called morphine sulfate, had been administered
as a pain reliever. However, current guidelines support

the intravenous (IV) administration of morphine sulfate
for acute and chronic pain management (5). Morphine
sulfate use is limited by several factors, including fear of
side effects, physical disorder, and fear of addiction (6).
Evidence shows that morphine sulfate is not considered
an effective agent in patients admitted to ED (7). It was
reported that within 15 minutes of injection, only 50% of
patients had pain control (8). Combination drug therapy
is proposed to improve pain control and reduce morphine
consumption (9). Magnesium, an N-methyl-D-aspartate
(NMDA) antagonist receptor, is an important mineral of
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bones used to treat and prevent pain (10). Magnesium is
used to treat eclampsia and preeclampsia, hypokalemia,
asthma crisis, to prevent preterm birth, control acute
postoperative pain, and to protect the heart after ischemia,
and also hemodynamic stability during intubation. It has a
synergistic effect with morphine (11,12). Kidney disorder is
more prevalent in hypomagnesemic patients, magnesium
supplementation protects against some kidney diseases.
For example, magnesium sulfate administration before
ischemia or following reperfusion significantly reduced
renal Ischemia/reperfusion (I/R) injury in a diabetic rat
model (13).

Objectives

Magnesium sulfate is a naturally occurring mineral
prevalent product, which its efficacy was evaluated by
several studies on anesthesia (14). Hence, the present
study aimed at evaluating the efficacy of magnesium
sulfate plus morphine compared with morphine alone for
acute pain management of long-bone fractures in ED.

Patients and Methods

Trial design

The present double-blind, randomized clinical trial was
conducted on patients with isolated limb fractures (those
with long-bone fractures) referred to Golestan hospital in
Ahvaz.

Participants

Inclusion criteria of the study were age 18-65 years and
having a bone fracture. Exclusion criteria were a history
of allergy to drugs or benzodiazepine, cardiac arrhythmia,
prehospital use of drugs, chronic respiratory failure, drug
treatment, pregnancy, a history of chronic pain, concurrent
trauma that led to shock, multiple trauma simultaneously
with numerous fractures, evidence of intracranial
hemorrhage or free pelvic, abdominal fluid, and having
a disease that is a contraindication for magnesium sulfate
injection (eg, severe renal failure, Addison’s disease, or
hepatitis).

Interventions

At the time of admission, the patients’ pain level was
scored using a visual analog scale (VAS) from 0 to 10
(15). Patients in the magnesium sulfate plus morphine
group were injected with 0.1 mg/kg morphine and 30 mg/
kg magnesium sulfate. In the morphine group, patients
were injected with 0.1 mg/kg morphine alone. Doses were
chosen based on previous studies as well as their efficacy
and safety. Patient pain scores were measured at 0, 15, 30,
45, and 60 minutes of injection.

Outcomes

During the study, the patients’ condition was monitored
every 10 minutes by a pulse oximeter, including respiratory
and pulse rate, blood pressure, and knee reflex. Oxygen

was administered if the pulse oximeter showed less than
95%. Normal saline was injected for systolic blood pressure
less than 100 mmHg, pulse oximeter less than 95% after
oxygen uptake, and systolic blood pressure less than 100
mmHg after saline bolus administration. Patients were
excluded from the study if they had any unwanted side
effects. After 60 minutes, if the VAS score was above 3, the
rescue dose of fentanyl was prescribed at 1.5 pg/kg.

Sample size
According to the Cohen d formula and literature review,
the minimum sample size was 30 for each group (16).

Randomization

The random allocation software performed simple
randomization with the block method, and patients were
randomly allocated to two equal groups of morphine and
morphine/magnesium sulfate.

Blinding

The present double-blind study was conducted to
eliminate errors caused by patient or physician awareness,
assessment of drug delivery results, and the possible
impact on the investigation outcomes.

Statistical methods

Data were analyzed using SPSS software. The normality
of data was examined using the Kolmogorov-Smirnov
test, confirming the normality of parametric methods,
such as the student test; if not normal, the Mann-Whitney
U test was used. The chi-square test was used to analyze
data with a nominal scale, and the Fisher’s exact test was
employed if more than 20% of the expected counts were
less than 5 (Cochran). Linear models were conducted to
evaluate the results, and the significance level of the tests
was less than 5%.

Results

The study was carried out on 64 patients with long-bone
fractures (the morphine plus magnesium sulfate and
morphine groups, each of 32) (Figure 1). The mean age of
the patients was 29.76 + 13.18 years; 48 (75%) were males
(Table 1). The hemodynamic factors (i e, means of heart
rate, systolic and diastolic blood pressure and number of
breaths) and mean body temperature did not significantly
change after intervention in both groups (Figures 2-7).
Before the intervention, VAS scores in the morphine
alone and magnesium sulfate plus morphine groups were
8.87 + 0.83 and 8.93 + 0.94, respectively, which did not
significantly differ (P=0.69). After 60 minutes, pain score
significantly reduced in both groups (Figure 2). However,
15 and 30 minutes after the injection, VAS scores showed
significant differences between the groups (Table 2).
Moreover, 45 minutes after the intervention, the pain
score was not significantly different between the groups
(Table 2). The frequency of side effects in both groups was
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Figure 1. The Flowchart of the study.

not statistically significant. A few patients needed rescue
medication; however, there was no significant difference
between the two groups (Table 2).

Discussion

Magnesium is an important mineral of the body,
especially for nerves and muscles. Magnesium sulfate
is administered to control certain types of seizures and
meet the bodys need for magnesium. Our findings
showed that the pain score was significantly lower in
the magnesium sulfate plus morphine group than the
morphine group at 15 and 30 minutes of intervention.
Likewise, there were no statistically significant differences
at 45 and 60 minutes of intervention. Regarding other
variables like hemodynamic changes, the incidence of
complications was not significantly different between
the two groups after 60 minutes. Jebali et al, showed that
magnesium sulfate should be considered an effective and
safe adjuvant for lidocaine in prehospital femoral nerve
block (17). Magnesium sulfate significantly reduced
pain in the first minutes compared to morphine alone.
There was no significant difference in the incidence of
side effects between the groups, and magnesium sulfate

Table 1. Patient’s characteristics

can be used as a suitable adjuvant in combination with
morphine to reduce pain. Results of a previous meta-
analysis showed that perioperative IV magnesium reduces
opioid consumption, and to a lesser extent, pain scores,
in the first 24 hours postoperatively, without any reported
serious (18). Acosta-Olivo et al, also showed that 1 mg
of magnesium sulfate and 1.5 mg of bupivacaine helped
reduce distal radius bone fracture (19). In another study,
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Figure 2. Pain score trend during the study follow-up.

Variable Magnesium sulfate plus morphine (n = 32) Morphine (n = 32) P value
Age (y), mean £ SD 29.41 +13.23 30.12 +13.33 0.89
Gender/Female, No. (%) 9(28.1) 7 (21.9) 0.43
Limb fracture, No. (%)
Upper 18 (35.4) 20 (27.4) 0.61
Lower 14 (64.6) 12 (72.6)
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Figure 3. The trend in heart rate during the study follow-up.
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Figure 4. The trend in mean systolic blood pressure during the
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Figure 5. The trend in mean diastolic blood pressure during
the study follow-up.
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Figure 6. The trend in mean number of breaths during the
study follow-up.
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the effects of magnesium sulfate administration on the
reduction of chronic postoperative pain in rats were
investigated. Results showed that a single magnesium
sulfate injection mitigated skin/muscle incision and
retraction (SMIR)-induced mechanical hyperalgesia
possibly by modulating Grinl expression. Preoperative
magnesium sulfate administration could prove to be a
simple and safe chronic postsurgical pain treatment (20).
The findings of the study were in line with those of the
present research.

Conclusion

In the present study, magnesium sulfate in combination
with morphine could better reduce pain than morphine
alone without influencing the respiratory rate. It is
suggested that the interaction mechanism of magnesium
sulfate and morphine is independent of each other as
magnesium sulfate also helps with ketamine and local
anesthetics. Magnesium sulfate led to a reduction in
arterial pressure, heart rate and blood loss. Magnesium
sulfate affects the activity of the kidneys and causes
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Magnesium sulfate plus

Variable morphine (n=32) Morphine (n=32) P value
Before intervention 8.93+0.94 8.87 +£0.83 0.69
15 min 3.59+14 4.97+1.09 <0.001
Pain score 30 min 2.38+0.7 3.59+2.1 <0.001
45 min 2.09+0.85 278+2.1 0.19
60 min 1.0+0.95 1.16 £ 0.88 <0.001
Rescue medication Yes 3(9.4) 5(5.6) 0.74
needed, N (%) No 29(90.6) 27 (84.4)
Nausea 15 (46.9) 14 (43.8) 0.80
Side effects, N (%) Vomiting 12 (37.5) 11 (34.4) 0.79
Drowsiness 2(6.2) 0(0) 0.49
hypotension, so it should be administered with caution. Funding/Support

Limitations of the study

The present study had some limitations; for instance, the
patients were not followed up for a long time to determine
adverse effects. The research design method did not
allow us to repeat the drug administration. Therefore, we
examined the effects of repeated drug administration on
pain relief.
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