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ABSTRACT

Background: Given the lack of general standards for pain treatment after orthopedic
operations, orthopedists and anesthesiologists need evidence to choose analgesic options for

Article info: . children. Therefore, this paper seeks to evaluate the effectiveness of morphine administration
Received: 07 Jul 2023 * inreducing pain after orthopedic surgery in children in different contexts.

First Revision: 10 Aug 2023 *  Methods: To find study trials on the effect of morphine on pain relief in children with orthopedic
Accepted: 21 Sep 2023 :  surgery, we systematically reviewed PubMed, ISI Web of Science, Embase, Google Scholar,
Published: 01 Oct 2023 :  Cochrane, and Scopus databases until March 2020. The following keywords were searched:

”u ”u ”

“Morphine,” “ opioid,” “children,” “pediatric,” “preschool,” “child,” “orthopedic,” “orthopedics,”
and “orthopedic procedures” to find relevant papers. The quality of articles was evaluated using
the Jadad scale.

Results: Nine studies were included in the meta-analysis. Analgesia with sublingual
buprenorphine had an effect similar to the intramuscular morphine. The effect lasted
significantly longer in the buprenorphine group than in the morphine group (P=0.03). About
67% of the children experienced pain relief after the first injection and 94% after the second
injection (after 15 minutes) of morphine. In the propacetamol group, 77% of the children
had pain relief. It is recommended to administer propacetamol initially. If the propacetamol
is not effective, a subsequent injection of morphine is suggested after the first injection of
propacetamol. About 84.6% of parents in the ketamine group and 66.6% of parents in the
morphine group were very satisfied with the analgesic intervention. However, no significant
difference was observed between the two groups (P=0.296). According to two studies, the pain
score was significantly lower in the morphine group than in the meperidine group (P<0.005).
The morphine administered in combination with ketorolac induced greater analgesia compared

Key Words: . tothe group receiving morphine alone (P=0.002). According to three studies, morphine was not
Morphine, Children, :  superior to ibuprofen in relieving children’s postoperative pain (P>0.005).
Orthopedic, .

Conclusions: Morphine was more effective than meperidine. However, morphine did not

Postoperative pain
P P surpass ibuprofen, buprenorphine, and ketamine in treating children with orthopedic pain.
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Introduction

hildhood traumatic injuries, especially dis-

locations and fractures, are a major cause

of referral to the pediatric emergency units

(PEU) [1]. Moderate to severe pain is the

most common complaint of children post-

operatively, especially during the first 24
hours, even after minor surgeries [2]. Numerous studies
have shown that analgesics and sedatives are used inap-
propriately in PEUs to relieve pains associated with dis-
locations or fractures. The ideal drug for sedation and
analgesia used in these cases should act fast, be safe,
and be appropriately administered [1]. The failure to di-
agnose and treat pain adequately in children will lead
to a delayed healing process, emotional damage, and
changes in pain processing [3]. Since acute pain is one
of the most common negative stimuli experienced by
children due to injuries, rapid and accurate assessment
of pain and its effective treatment are key components
of pain management, especially in patients with acute
orthopedic incidents. A lack of clinical information on
the effectiveness of painkillers in children can lead to
the provision of inefficient clinical care and pain relief
[4]. Oral morphine has been shown to induce beneficial
effects in children with orthopedic injuries, especially in
the wake of the recommendations of the United States
Food and Drug Administration (FDA) about infant mor-
tality due to codeine intake [2]. Morphine, along with
other drugs such as oxycodone and hydrocodone, is
increasingly used as the primary treatment of pediatric
postoperative pain. However, this drug can cause sever-
al complications, including respiratory depression, nau-
sea, constipation, and an increased risk of opioid abuse
[5]. Given that the management of children’s pain is
largely the responsibility of home caregivers, oral mor-
phine is typically prescribed for this purpose. However,
there is insufficient evidence to support that the admin-
istration of morphine can relieve pain after orthopedic
surgery in children [2].

Several reasons justify a systematic study in this area,
including the limited number of articles in this field and
contradictory results reported by these studies. Accord-
ing to some studies, morphine is not more effective
than other analgesics, whereas some articles introduce
morphine as the first-line treatment [6]. Still, other stud-
ies stress using an analgesic supplement for the high-
er efficacy of this drug [2]. Also, there were different
control groups used in previous studies. In one study,
ketorolac [6] and in another, ibuprofen [2, 7] and me-
peridine [8] were administered to the control groups. In
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addition, previous studies have suggested that the op-
timal management of pediatric pain affects the physi-
ological components of pain when using opioids. These
relationships must be analyzed meticulously [6]. Given
that the provision of postoperative analgesia in children
is significantly different [9], paying particular attention
to measures such as controlling and reducing pain after
pediatric surgery seems necessary. Setting minimum
standards for pediatric postoperative pain relief can
help physicians and anesthesiologists make appropriate
decisions to mitigate and prevent postoperative pain in
children.

Due to the lack of comprehensive standards for an-
algesia after pediatric surgery and in light of the grow-
ing concern about opioid use in children, evidence is
required to guide pain relief alternatives for children.
Hence, this study was designed to evaluate the effec-
tiveness of morphine administration in relieving pain af-
ter orthopedic surgery in children in different contexts.

Methods

This systematic review study was designed and con-
ducted in accordance with the PRISMA (preferred re-
porting items for systematic reviews and meta-analyz-
es) checklist [10] and the PICO (patient, intervention,
comparison, and outcome) strategy.

Population refers to children under 12 who were inves-
tigated in these papers. Intervention includes morphine
use. Comparisons include any analgesics that could
be included in the study as control, such as Demerol,
propacetamol, buprenorphine, meperidine, morphine,
ketorolac, and lbuprofen. The measured primary out-
come was pain score.

Search strategy

This review systematically searched PubMed, ISI Web
of Science, Embase, Google Scholar, Cochrane, and Sco-
pus databases to find relevant studies. The following
keywords were used to explore the above database. The
process of selection of articles is displayed in Table 1.

Inclusion and exclusion criteria

The inclusion criteria comprised all clinical trial articles
about the effect of morphine on pain relief in pediatric
orthopedic surgery, regardless of the control group. In
these papers, children under the age of 12 were inves-
tigated. There were no restrictions regarding the drug
dose, producing company, and duration of use.
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Table 1. The search strategy

October 2023, Volume 11, Issue 4, Number 33

Search Term

“Morphine” [tiab] OR “morphia” [tiab] OR “morphine chloride” [tiab] OR “chloride, morphine” [tiab] OR “morphine sulfate”

#1 [tiab] OR “sulfate, morphine” [tiab] OR “opioid“ [tiab] OR “analgesics” [tiab] OR “opioid analgesics” [tiab] OR “narcotics”
[tiab]

#2 “Children” [TIAB] OR pediatric” [TIAB] OR “preschool” [TIAB] OR “child“ [TIAB]

#3 “Orthopedic” [TIAB] OR “orthopedics” [TIAB] OR “orthopedic procedures” [TIAB]

The exclusion criteria included irrelevant articles, let-
ters to editors, and editorials. Review papers, papers
whose full text was unavailable or provided insufficient
information in the abstract, summaries of papers pre-
sented at conferences, letters, editor notes, and case re-
ports were also excluded. In cases when the full text of
the articles was inaccessible, the corresponding author
would contact the author three times via email. If no
response were received, the paper would be removed.

Data extraction

All extracted data were evaluated by two authors inde-
pendently. An external referee resolved disagreements
between the authors. Initially, the titles and abstracts of
the papers were checked. If relevant, they were includ-
ed in the study. Then, the full text was examined. In the
second stage, the full text of the remaining articles was
thoroughly reviewed, and the articles that matched the
inclusion and exclusion criteria were systematically re-
viewed. In addition, the references of included articles
and reviewed papers were carefully explored to ensure
the search was exhaustive. The data extraction table,
which the researcher made, included the year, country,
type of study design, outcomes, sample size, type of in-
tervention, characteristics of the control and interven-
tion group, dropouts, outcome measurement tool, and
drug side effects (Table 2).

Risk of bias assessment

Included studies were assessed for risk of bias by two
independent authors using the Cochrane Collabora-
tion’s tool for assessing risk of bias in randomized tri-
als [11]. Disagreements in bias assessment were set by
discussion or consultation with a third party (Table 3).

Results
Buprenorphine versus morphine

Maunuksela et al. [12] studied 60 participants aged
4 to 14 years with elective orthopedic surgery on the
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upper or lower extremities. They found that analge-
sia with sublingual buprenorphine had a similar effect
with the intramuscular morphine. The effect was sig-
nificantly more long-lasting in the buprenorphine group
(MeanzSD 248+314 minutes) than in the morphine
group (Mean#SD 1144109 minutes) (P=0.03).

Morphine versus propacetamol

Rod et al. compared the analgesic effect of morphine
and propacetamol on pain relief following either ortho-
pedic or visceral surgery. In the morphine group, 67% of
the children had pain relief following the first injection
and 94% after the second injection. In the propacet-
amol group, 77% of the children experienced pain relief,
which was insufficient in 23% of the cases [13].

Ketamine versus morphine

Thirteen patients were allocated to the ketamine and
12 to the morphine groups. The median pain (pain scale)
scores were calculated after the procedure in both
groups. About 84.6% of parents in the ketamine group
and 66.6% in the morphine group were very satisfied
with the analgesic intervention. However, the difference
between the two groups was not significant (P=0.296).
Also, 92.3% of orthopedists in the ketamine group and
75% in the morphine group were satisfied with the in-
tervention outcomes. The difference between the two
groups was significant (P=0.222) [1].

Morphine versus ibuprofen

In the study of Poonai et al., no significant difference
was observed in terms of pain scores between the two
groups. The oral morphine (n=77) and ibuprofen (n=77)
were assessed eight times: First dose (P=0.2), second
dose (P=0.9), third dose (P=0.5), fourth dose (P=0.9),
fifth dose (P=0.6), sixth dose (P=0.9), seventh dose
(P=0.8), and eighth dose (P=0.6) [2]. Groenewald et al.
suggested that oral morphine was no better than oral
ibuprofen for postoperative pain relief in children at
home [5]. In the study of Poonai et al., children with ex-
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tremity fractures were randomized to either morphine
(n=66) or ibuprofen groups (n=66). Also, no significant
difference was observed in pain scores between mor-
phine and ibuprofen groups in 4 time points (P=0.6) [7].

Morphine versus meperidine

In the study of Vetter et al., 50 patients were random-
ized to either morphine or meperidine pain groups.
Pain scores were significantly higher in the group receiv-
ing morphine than in the group receiving meperidine
(P<0.001) [14]. O’Hara et al. studied 25 children with
orthopedic surgery aged 7 to 17 years, assigning them
randomly to groups receiving morphine and meperi-
dine. The frequency of pain-free children was higher in
the morphine group than in the meperidine group (de-
merol) on day 1 (P=0.03) and day 2 (P=0.01) [8].

Morphine plus ketorolac versus morphine

In Vetter’s study, administering morphine combined
with ketorolac provided more effective analgesia than
the group receiving only morphine (P=0.002) [6].

The articles were extracted by two researchers inde-
pendently. A table was drawn by the research team,
which contained information about the first author,
year of publication, type of study, blinding, type of in-
tervention, duration of intervention, inclusion criteria,
sample size, and primary results.

Discussion

This review study is the first one to comprehensively
examine the effectiveness of morphine in relieving
pediatric surgical pain. In general, this review study in-
vestigated the effects of morphine in comparison with
intravenous acetaminophen, ibuprofen, ketamine, and
ketorolac. The findings suggested that morphine was
more effective than meperidine. However, morphine
was not superior to ibuprofen, buprenorphine, and ket-
amine in treating children with orthopedic pain.

Morphine can reduce and inhibit pain transmission.
The analgesic effects of opioids are due to their ability
to inhibit the transmission of nociceptive information
from the posterior horn of the spinal cord and to acti-
vate pain control mechanisms in higher nerve centers.
Morphine has low-fat solubility, and its penetration into
and out of the brain is slower than that of other drugs.
It is mainly metabolized in the liver, but the kidneys play
a crucial role in extrahepatic metabolism. The plasma
half-life of morphine is about 2-4 hours [15]. Two stud-
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ies investigated the effectiveness of pethidine and mor-
phine in pediatric orthopedic surgery. Pethidine is a
synthetic drug [16] derived from opium [17]. This drug
is generally known in the United States as meperidine
[17], and its effect lasts for 2 to 3 hours. Pethidine exerts
its analgesic effect through ascending and descending
pathway receptors and neurons of the hypothalamic
basal ganglia, limbic structure, and cerebral cortex [18].
According to these studies, morphine is more effective
than pethidine in controlling pain with fewer side effects
[17]. Morphine may be preferred when rapid control of
acute pain is necessary [16]. Due to the small number
of samples in these two studies, morphine was found
to be more effective than pethidine. Still, more stud-
ies with a larger sample size are required to verify this
finding. Another study examined the efficacy of intrave-
nous acetaminophen (paracetamol) and morphine [13].
Intravenous acetaminophen (paracetamol) is an acet-
aminophen water-soluble intravenous product used for
rapid and strong onset of analgesic effect. Paracetamol
is a prodrug that is hydrolyzed to paracetamol in the
blood. It produces analgesic and antipyretic effects with
few side effects at the recommended doses (1 to 2 g).
Intravenous injection of paracetamol exerts its effect af-
ter about half to one hour. It has a half-life of about 1-4
hours, and its effect lasts 6-8 hours [19].

According to the findings of a study, morphine is more
effective than paracetamol in relieving pediatric surgical
pain. Hence, based on the above findings, acetamino-
phen does not induce complete pain relief and should
be used in combination with morphine [13]. However,
given the lack of studies and the low sample size, fu-
ture research with a larger sample size must explore this
drug’s secondary side effects, cost-effectiveness, and
pain relief. The acting mechanism of this drug is based
on prostaglandin synthesis. Cyclooxygenase is the first
enzyme in the prostaglandin production cycle, while
paracetamol hinders its production by entering the
cycle and exerting its analgesic effect [19]. Three stud-
ies compared the effects of morphine and ibuprofen in
pediatric surgery. According to three studies, the effects
of morphine and ibuprofen on pain relief in pediatric
surgery are similar [2, 5, 7]. Non-steroidal anti-inflam-
matory drugs (NSAIDs) are commonly used to control
mild pain. These drugs have also been shown to help
opioids control and manage moderate to severe pain.
Recent studies have shown that NSAIDs alone or in com-
bination with opioids are more effective than previously
thought [19]. A body of research has investigated the
effect of NSAIDs. As generally effective and safe analge-
sics, NSAIDs have received increasing attention for pain
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Table 3. Risk of bias assessment for randomized controlled trials (RCTs)

management associated with acute fractures. However,
they work by directly inhibiting the enzyme cyclooxy-
genase, which is important for the production of pros-
taglandins in the early inflammatory stages of fracture
repair [20].

Conclusion

According to the results, morphine was more effective
than meperidine. However, morphine was not superior
to ibuprofen, buprenorphine, and ketamine in mitigat-
ing orthopedic pain in children. Yet, the findings should
be interpreted cautiously due to the small sample size
and limited number of studies reviewed. Given the
scant number of studies and the small sample size of
this review, it is necessary to undertake future research
with a higher sample size. These studies should also ex-
plore the secondary side effects, cost-effectiveness, and
pain relief time.

Study limitations

The primary limitation of this study was the need for
a fixed dosage in equal intervals to preserve blinding.
Participants underwent various orthopedic and surgical
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procedures, which may have contributed to the base-
line heterogeneity. In some studies, a valid instrument
had not been adopted. The researchers used the faces
pain scale-revised, but this instrument was not validated
for home use. The efficacy of oral morphine in postop-
erative pain after minor pediatric surgery was assessed.
However, the findings may not be generalized to chil-
dren undergoing surgical procedures associated with
severe rather than moderate levels of pain. However,
effectiveness and safety considerations must underline
sedation and analgesia. Future studies need to assess
the costs of using these methods. One limitation of the
studies included in this review is that they did not con-
sider these drugs’ side effects and cost-effectiveness.
The last limitation of this review is that the protocol was
not registered in PROSPERO (the international prospec-
tive register of systematic reviews).
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