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	eTable 1. Summary of deviations from protocol
	

	Protocol
	Revision/ Newly added in Methods
	Justification

	
	· Patients who presented to the ED for the management of opioid-related adverse events or opioid use disorder were excluded. 
· Opioid administered for local sedation and analgesia of an operative procedure in the ED (eg, reduction for shoulder dislocation) and opioid administration during hospital admission or provided by paramedics prior to ED visits were excluded.
	The aim of this study was to evaluate opioid therapy in the ED or at discharge for the management of musculoskeletal pain which was the principal reason for ED visits. 

	
	Post-operative adverse events identified during admission or after hospital discharge were not included.
	Adverse events and complications observed after admission or surgical operation were more likely to be associated with opioid therapy provided during admission or the operation than opioid therapy in the ED.

	SAEs will be defined as unintended harm or undesirable experience that may be life-threatening, require hospitalisation, extend existing hospitalisation, or result in disability, incapacity, or even death.
	· We used the Common Terminology Criteria for Adverse Events (CTCAE) to rate all adverse events reported in included studies as Grade 1–2 (i.e., mild or moderate), Grade 3–4 (i.e., severe or life-threatening), and Grade 5 (i.e., death), and designated Grade 3–4, and Grade 5 as SAEs. 
· If severity of adverse events or SAEs were defined in the study, we only reported them as SAEs if their definitions were consistent with our ratings. 
· Adverse events which led to change of drug use or withdrawal were referred to as SAEs if they required hospitalisation or urgent medical treatment.
	CTCAE was used to make consistent judgement about the severity of all adverse events reported in included studies.

	We will attempt to separate opioid-related serious adverse events (eg, opioid-related hospitalisation and death) from other serious adverse events.
	Not conducted.
	Limited serious adverse events were identified in this review.

	
	We adapted the QUIPS tool to four domains. Bias related to the measurement of prognostic factor and confounding were not assessed.
	This study did not aim to investigate prognostic factors nor confounding of included studies.

	For included studies where two groups of patients were compared, we will calculate the risk difference and 95% confidence interval comparing between groups.
	Adverse outcomes in the comparison groups were not analysed.
	As the aim of this study was to examine the incidence rate of adverse outcomes related to opioid therapy in the ED or at discharge, we decided to focus only on participants who received opioid therapy. 

	We will perform stratified meta-analysis by patients’ history of opioid therapy, and type of the comparison intervention. 
	Not conducted.
	Many included studies did not make an inclusion criterion for history of opioid use. The criteria for previous/current opioid use and opioid-naïve patients varied widely across included studies.
Adverse outcomes in the comparison groups were not analysed.

	We will conduct subgroup analysis by musculoskeletal condition.
	Not conducted.
	Due to the wide variations in the definition of continued opioid use and the low estimated rate of SAEs, we decided not to stratify data by musculoskeletal condition.




eTable 2: Search terms used in MEDLINE (via Ovid) and search results. 
1946 to October 6, 2022
Searched on October 7, 2022
	#
	Search terms
	Results

	1
	Exp opiate/ or exp codeine/ or exp fentanyl/ or exp pethidine/ or exp methadone/ or exp hydrocodone/ or exp hydromorphone/ or exp morphine/ or exp oxycodone/ or exp oxymorphone/ or exp narcotics/
	164,321

	2
	(opioid$ or opiate$ or codeine or fentanyl or fentora or duragesic or hydrocodone or lortat or narco or vicodin or hydromorphone or dilaudid or meperidine or demerol or methadone or morphine or avinza or kadian or "ms contin" or oxyco$ or roxicodone or oxycodone-acetaminophen or oxycodone-paracetamol or paracetamol-codeine or acetaminophen-codeine or percocet or naloxone or oxymorphone or narcotic$).mp.
	248,533

	3
	1 or 2
	268,599

	4
	exp emergency health service/ or exp emergency ward/
	164,048

	5
	((emergency or urgent) adj2 (visit$ or presentation$)).mp.
	20,388

	6
	(urgent or emergency or semiurgent or semi-urgent or nonemergen$ or non-emergen$).mp.
	459,191

	7
	((emergency or urgent or semi-urgent or semiurgent) adj2 patient?).mp.
	15,981

	8
	4 or 5 or 6 or 7
	485,915

	9
	((muscul$ or back or lumb$ or spin$ or neck or cervical or knee$ or hip$ or shoulder$ or elbow$ or wrist or hand or arm or forearm or leg or flank or buttock or joint or radicular or sacroiliac) adj2 (pain or ach$ or stiff$ or impingement or strain or sprain or frozen or fracture or subluxation)).mp.
	193,077

	10
	exp musculoskeletal diseases/ or exp musculoskeletal pain/ or exp backache/ or exp neck pain/ or exp arthritis/ or exp bursitis/ or exp shoulder pain/ or exp tendinitis/ or exp chronic pain/ or exp knee osteoarthritis/ or exp hip osteoarthritis/ or exp osteoarthritis/ or exp arthropathy/ or exp myositis/ or exp whiplash injury/ or exp rotator cuff injury/ or exp sciatica/ or exp low back pain/ or exp spondylosis/ or exp cervical spondylosis/ or exp radiculopathy/
	1,243,846

	11
	(arthriti$ or capsulitis or osteoarthrit$ or spondyl& or osteitis or osteochondritis or arthropathy or bursitis or myalgia or lumbago or sciatica or tend?n$ or arthralgia$ or arthrosis or whiplash or radiculopathy).mp.
	641,768

	12
	9 or 10 or 11
	1,624,294

	13
	3 and 8 and 12
	894

	14
	limit 13 to humans
	798







eTable 3. Rating of risk of bias using QUIPS tool.
	
	D1. Study Participation
	D2. Study Attrition
	D4. Outcome Measurement
	D6. Statistical Analysis and Reporting
	Overall

	Aghababian, 1986 (96)
	moderate
	low
	moderate
	moderate
	low

	Ahern, 2013 (43)
	low
	moderate
	low
	low
	low

	Ahmadi, 2014 (44)
	low
	low
	low
	moderate
	low

	Baharuddin, 2014 (45)
	low
	unsure
	low
	low
	low

	Beaudoin, 2014 (101)
	low
	high
	low
	moderate
	low

	Behrbalk, 2013 (85)
	low
	high
	low
	low
	low

	Bijur, 2021 (84)
	low
	low
	low
	low
	low

	Buccelletti, 2014 (83)
	low
	low
	moderate
	high
	low

	Chang, 2015 (91)
	low
	low
	moderate
	low
	low

	Chang, 2015 (99)
	low
	moderate
	low
	low
	low

	Chang, 2014 (98)
	low
	low
	high
	low
	low

	Chew, 2017 (77)
	low
	unsure
	low
	low
	low

	Craig, 2012 (71)
	low
	unsure
	low
	high
	high

	Daoust, 2019(37)
	low
	moderate
	low
	moderate
	low

	Eken, 2014 (46)
	low
	low
	moderate
	low
	low

	Esmailian, 2015 (47)
	low
	unsure
	low
	low
	low

	Farahmand, 2018 (72)
	low
	low
	moderate
	low
	low

	Farsi, 2013 (66)
	low
	low
	low
	low
	low

	Foss, 2007 (81)
	low
	low
	low
	moderate
	low

	Friedman, 2015 (33)
	low
	low
	low
	low
	low

	Graudins, 2016 (48)
	low
	moderate
	moderate
	low
	low

	Guillen-Astete, 2017 (89)
	low
	low
	moderate
	moderate
	low

	Heard, 2020 (14)
	low
	low
	low
	low
	low

	Hewitt, 2007 (95)
	low
	high
	low
	low
	low

	Hoogewijs, 2000 (67)
	moderate
	high
	low
	low
	low

	Hunold, 2013 (94)
	low
	high
	low
	low
	low

	Innes, 1998 (93)
	low
	low
	low
	moderate
	low

	Kariman, 2011 (68)
	low
	low
	low
	low
	low

	Lee, 2016 (40)
	low
	low
	low
	low
	low

	Lovell, 2004 (69)
	low
	moderate
	low
	low
	low

	Marco, 2005 (100)
	low
	low
	low
	low
	low

	McIntosh, 2004 (97)
	low
	low
	high
	low
	low

	Miner, 2008 (55)
	low
	low
	low
	moderate
	low

	Rainer, 2000 (79)
	low
	low
	low
	low
	low

	Scott, 1994 (80)
	moderate
	unsure
	high
	moderate
	high

	Serinken, 2016 (49)
	low
	low
	moderate
	moderate
	low

	Shear, 2010 (92)
	low
	unsure
	low
	moderate
	low

	Shervin, 2014 (65)
	low
	low
	low
	low
	low

	Silverman, 2004 (73)
	low
	unsure
	low
	low
	low

	Sleet, 1980 (88)
	low
	high
	moderate
	low
	low

	Stephen, 2012 (60)
	moderate
	low
	high
	moderate
	high

	Turturro, 1998 (75)
	low
	high
	low
	low
	low

	Turturro, 1991 (90)
	moderate
	high
	low
	low
	low

	Veenema, 2000 (70)
	low
	low
	low
	low
	low

	Authur, 2015 (87)
	low
	unsure
	high
	moderate
	high

	Azizkhani, 2018 (50)
	low
	low
	moderate
	moderate
	low

	Coombs, 2022(35)
	low
	unsure
	low
	low
	low

	Dalton, 2020(34)
	low
	low
	low
	low
	low

	Daoust, 2018 (32)
	low
	moderate
	low
	low
	low

	Delgado, 2018 (38)
	low
	low
	low
	low
	low

	Friedman, 2021 (78)
	low
	low
	low
	moderate
	low

	Friedman, 2020 (42)
	low
	low
	low
	low
	low

	Gong, 2019 (86)
	low
	low
	low
	low
	low

	Graham, 2008 (56)
	high
	high
	moderate
	moderate
	high

	Hayden, 2021 (13)
	low
	moderate
	low
	low
	low

	Jahanian, 2018 (74)
	low
	low
	moderate
	low
	low

	Jalili, 2012 (52)
	low
	moderate
	low
	low
	low

	Jalili, 2016 (59)
	moderate
	high
	moderate
	moderate
	high

	Khoury, 2018 (62)
	low
	unsure
	moderate
	high
	high

	Kim, 2016 (41)
	low
	low
	low
	low
	low

	Lee, 2008 (63)
	low
	unsure
	moderate
	low
	low

	Mahshidfar, 2017 (64)
	low
	low
	low
	low
	low

	McCarthy, 2021(36)
	low
	high
	low
	low
	low

	Meisel, 2019 (39)
	low
	low
	low
	low
	low

	Mollaei, 2016 (51)
	moderate
	unsure
	low
	low
	low

	Pan, 2018 (76)
	low
	low
	moderate
	low
	low

	Shaker, 2018 (53)
	low
	unsure
	low
	low
	low

	Siu, 2004 (57)
	moderate
	unsure
	low
	low
	low

	Tongbua, 2022 (82)
	low
	low
	low
	low
	low

	Torabi, 2019 (54)
	low
	low
	high
	low
	low

	Vahedi, 2019 (61)
	low
	low
	moderate
	low
	low

	Zare, 2013 (58)
	low
	low
	low
	low
	low






eTable 4. Continued opioid use (by category of definition and length of follow-up) in patients with musculoskeletal pain who were administered opioid during ED visit and/or received an opioid prescription at discharge (n = 13 studies).
	Author and year
	Country
	Study design
	History of opioid use
	Opioid therapy in the ED and/or at discharge
	Type(s) of opioid
	Length of follow up
	Definition of outcome measure
	MSK condition
	Follow-up (N)
	Continued use (N)
	(%)

	Opioid prescription at discharge

	Recent opioid use at the time point of follow-up

	McCarthy, 2021 (36)
	USA
	Descriptive study
	No chronic use of opioids: based on self-report of daily or near daily use of opioids for the past 90 days.
	Received a prescription for hydrocodone acetaminophen
	Hydrocodone-acetaminophen pills
	9 days
	Proportion of patients taking opioid by medication diary day post ED discharge
	Back pain
	45
	28 (Day 4)
26 (Day 5)
19 (Day 6)
12 (Day 7)
8 (Day 8)
7 (Day 9)
	62.2%
57.8%
42.2%
26.7%
17.8%
15.6%

	
	
	
	
	
	
	
	
	Fracture/dislocation
	54
	26 (Day 4)
26 (Day 5)
21 (Day 6)
20 (Day 7)
16 (Day 8)
10 (Day 9)
	48.1%
48.1%
38.9%
37.0%
29.6%
18.5%

	
	
	
	
	
	
	
	
	Musculoskeletal injury (nonfracture)
	40
	20 (Day 4)
16 (Day 5)
16 (Day 6)
12 (Day 7)
12 (Day 8)
10 (Day 9)
	50.0%
40.0%
40.0%
30.0%
30.0%
25.0%

	Coombs, 2022 (35)
	Australia
	Observational cohort study nested within a randomised controlled trial
	NR
	Opioid analgesic prescription given at discharge
	NR
	4 weeks
	At 4 weeks after the ED visit, any opioid medication for pain in the last 7 days?
	Nonspecific low back pain or low back pain with lower limb neurological signs and symptoms
	33
	14 
	42.4%

	Daoust, 2019 (37)
	Canada
	Prospective cohort study
	Not using opioid medication prior to the ED visit (past 2 weeks)
	Opioids prescription at ED discharge
	Morphine, Oxycodone, or Hydromorphone
	3 months
	At 3-month follow-up, any opioid use in the previous 2 weeks?
	Acute musculoskeletal pain
	212
	18
	8.5%

	
	
	
	
	
	
	
	
	Fracture
	97
	9
	9.3%

	Friedman, 2015 (33)
	USA
	Randomised trial
	No chronic opioid use currently or in the past
	Opioids prescription and supply at ED discharge
	Oral Naproxen +Oxycodone/
Acetaminophen (10-day supply)
	3 months
	At 3-month follow-up, any opioid use during the previous 72 hours?
	Acute musculoskeletal low back pain (non-traumatic non-radicular)
	108
	2
	1.9%

	Dalton, 2020 (34)
	USA
	Observational study
	Opioid naïve (no opioid prescriptions filled in the 6 months before injury)
	Opioid prescribed at discharge
	NR
	6 months
	Opioid discontinuation was defined as the point at which the patient no longer had an actively filled opioid prescription post discharge; and the failure to discontinue opioids is referred to as sustained opioid use.
	Rib fractures
	1229
	35
	2.8%

	
	
	
	Prior opioid exposure: either prior exposure (had an opioid prescription filled in the 6 months before injury, but not continually during that time period) or sustained prior use (having an actively filled opioid prescription continuously for the 6 months before injury)
	Opioid prescribed at discharge
	NR
	6 months
	Opioid discontinuation was defined as the point at which the patient no longer had an actively filled opioid prescription post discharge; and the failure to discontinue opioids is referred to as sustained opioid use.
	Rib fractures
	1313
	268
	20.4%

	Hayden, 2021 (13)
	Canada
	Retrospective cohort study
	Opioid naïve: no opioid prescription filled in the preceding 6-month period
	The first (index) opioid prescription filled after the ED visit (within 7 days)
	No prescription filled after the ED visit for methadone or buprenorphine (indicative of pre-existing opioid use)
	6 months
	Filling a subsequent prescription +/- 30 days of 6 months (150-210 days) from the ED visit
	Nonspecific or mechanical low back pain
	4023
	324
	8.1%

	
	
	
	
	
	
	12 months
	Filling a subsequent prescription +/- 30 days of 12 months
	Nonspecific or mechanical low back pain
	3882
	267
	6.9%

	Defined by the number of prescriptions filled 

	Daoust, 2018 (32)
	Canada
	Prospective cohort study
	Not using opioid medication prior to the ED visit
	Opioids prescription at ED discharge
	Morphine, Oxycodone, Hydromorphone
	2 weeks
	Filled the initial opioid prescription
	Acute musculoskeletal pain
	280
	266
	95.1%

	
	
	
	
	
	
	
	
	Fracture
	119
	108
	90.4%

	
	
	
	
	
	
	
	Filled any new opioid prescription in the last 2 weeks
	Acute musculoskeletal pain
	280
	22
	7.9%

	
	
	
	
	
	
	
	
	Fracture
	119
	10
	8.4%

	Hayden, 2021 (13)
	Canada
	Retrospective cohort study
	Opioid naïve: no opioid prescription filled in the preceding 6-month period
	The first (index) opioid prescription filled after the ED visit (within 7 days)"
	No prescription filled after the ED visit for methadone or buprenorphine (indicative of pre-existing opioid use)
	90 days
	Filling an opioid prescription 8 to 90 days after the ED visit
	Nonspecific or mechanical low back pain
	4023
	838
	20.8%

	Kim, 2016 (41)
	USA
	Retrospective observational study
	Patients who filled any opioid prescription in the prior year (not opioid naïve) were also included
	Received opioid prescription at ED discharge
	NR
	100 days
	ED discharge prescriptions filled if they were found in the prescription drug monitoring programs (PDMP) database within 100 days after discharge, providing that both the prescribing date and provider name matched the ED visit
	Back pain
	488
	417
	85.5%

	
	
	
	
	
	
	
	
	Extremity pain
	611
	471
	77.1%

	
	
	
	
	
	
	
	
	Neck pain
	60
	50
	83.3%

	Heard, 2020 (14)
	USA
	Retrospective observational study
	Opioid-naïve (no opioid prescription in the 6 months preceding the index ED visit)
	Opioid prescribed at discharge (either administered or not)
	NR
	180 days
	Filled opioid prescriptions from 5 or more prescribers and pharmacies in a 6-month period post visit.
	Back pain
	12015
	123
	1.0%

	
	
	
	
	
	
	
	Filled 4 or more opioid prescriptions in the 30 to 180 days post ED visit.
	Back pain
	12015
	697
	5.8%

	Delgado, 2018 (38)
	USA
	Retrospective cohort study
	Prescription opioid naïve (no opioid prescription filled in the previous 6 months before the index ED visit).
	Filled new opioid prescription within 3 days of the index ED visit
	All opioids (Methadone and non-tablet formulations excluded).
	180 days
	Filling 4 or more subsequent opioid prescriptions in the 30 to 180 days after the index ED visit.
	Ankle sprains
	6463
	93
	1.4%

	
	
	
	
	
	
	
	Filling 3 or more subsequent opioid prescriptions in the 30 to 180 days after the index ED visit.
	Ankle sprains
	6463
	191
	3.0%

	
	
	
	
	
	
	
	Filling 2 or more subsequent opioid prescriptions in the 30 to 180 days after the index ED visit.
	Ankle sprains
	6463
	447
	6.9%

	
	
	
	
	
	
	
	Filling 1 or more subsequent opioid prescriptions in the 30 to 180 days after the index ED visit.
	Ankle sprains
	6463
	1148
	17.8%

	Friedman, 2020 (42)
	USA
	Prospective, observational cohort study
	Opioid naïve: no use of any opioid (including methadone and buprenorphine) or tramadol within the previous 6 months; No use of any analgesic greater than 10 days per month on average before the onset of acute pain
	Opioids prescription and supply at ED discharge
	Oral opioid (including tramadol and buprenorphine)
	6 months
	Two to 5 opioid prescriptions filled within the 6-month study period.
	Acute extremity pain
	224
	54
	24.1%

	
	
	
	
	
	
	
	Greater than or equal to 6 opioid prescriptions (an average of ≥1 per month) within the 6-month study period.
	Acute extremity pain
	224
	4
	1.8%

	Hayden, 2021 (13)
	Canada
	Retrospective cohort study
	Opioid naïve: no opioid prescription filled in the preceding 6-month period
	The first (index) opioid prescription filled after the ED visit (within 7 days)"
	No prescription filled after the ED visit for methadone or buprenorphine (indicative of pre-existing opioid use)
	6 months
	Filling an opioid prescription 8 to 90 days after the ED visit and filling a subsequent prescription +/- 30 days of 6 months (150-210 days) from the ED visit, with no more than 6 months (180 days) between opioid prescription fills.
	Nonspecific or mechanical low back pain
	4023
	185
	4.6%

	Lee, 2016 (40)
	USA
	Retrospective cohort
study
	NR
	Early opioid use:
An opioid prescription originating from the initial ED visit and filled within 2 days of that visit. 
	NR
	12 months
	Having medical bills for ≥3 opioid prescriptions filled between 4 days to 12 months post onset of injury, excluding any opioid prescriptions received during the initial ED visit.
	Acute occupational low back pain with injury
	349
	79
	22.6%

	Hayden, 2021 (13)
	Canada
	Retrospective cohort study
	Opioid naïve: no opioid prescription filled in the preceding 6-month period
	The first (index) opioid prescription filled after the ED visit (within 7 days)
	No prescription filled after the ED visit for methadone or buprenorphine (indicative of pre-existing opioid use)
	12 months
	Three or more additional prescription fills within the 12-month follow-up period.
	Nonspecific or mechanical low back pain
	3882
	476
	12.3%

	Meisel, 2019 (39)
	USA
	Retrospective cohort study
	Opioid naïve at the time of the visit: no history of opioid dispensing during the prior 12 months
	Filled an opioid prescription: any pharmacy dispensed outpatient prescription for an opioid written within 1 day of the ED visit (defined as prescriptions written on the day of registration or the following calendar day, to account for ED visits that might span midnight).
	NR
	12 months
	The presence of at least 1 of the following indicators of long-term opioid use or high-risk prescription fills during the 12 months after the index ED visit: 
- At least 1 opioid prescription in every calendar quarter;
- More than 3 prescribers;
- More than 4 prescriptions for a DEA scheduled opioid;
- Any prescription for long acting opioids;
- Any prescription medicine for opioid use disorder (MOUD)
- Any prescription for an average of 100 MME/day or greater.
(Prescriptions attributed to the index ED visit were not included in subsequent calculations of high-risk use.)
	Arthritis/Joint pain
	2614
	479
	18.3%

	
	
	
	
	
	
	
	
	Back pain
	2804
	488
	17.4%

	
	
	
	
	
	
	
	
	Neck pain
	1099
	190
	17.3%

	Long-term opioid supply 

	Heard, 2020 (14)
	USA
	Retrospective observational study
	Opioid-naïve (no opioid prescription in the 6 months preceding the index ED visit)
	Opioid prescribed at discharge (either administered or not)
	NR
	180 days
	Filling >90-day supply in 180 days following ED visit as documented in the prescription drug monitoring program.
	Back pain
	12015
	382
	3.2%

	Opioid administration in the ED

	Coombs, 2022 (35)
	Australia
	Observational cohort study nested within a randomised controlled trial
	NR
	Opioid analgesic administration during the visit
	NR
	4 weeks
	At 4 weeks after the ED visit, any opioid medication for pain in the last 7 days?
	Nonspecific low back pain or low back pain with lower limb neurological signs and symptoms
	50
	19
	38.0%


	Heard, 2020 (14)
	USA
	Retrospective observational study
	Opioid-naïve (no opioid prescription in the 6 months preceding the index ED visit)
	Opioid administered during ED visit (either prescribed at discharge or not)
	NR
	180 days
	Filling >90-day supply in 180 days following ED visit as documented in the prescription drug monitoring program.
	Back pain
	9972
	313
	3.1%

	
	
	
	
	
	
	
	Filled opioid prescriptions from 5 or more prescribers and pharmacies in a 6-month period post visit.
	Back pain
	9972
	86
	0.9%

	
	
	
	
	
	
	
	Filled 4 or more opioid prescriptions in the 30 to 180 days post ED visit.
	Back pain
	9972
	583
	5.8%

	Opioid administration in the ED and prescription at discharge

	Coombs, 2022 (35)
	Australia
	Observational cohort study nested within a randomised controlled trial
	NR
	Opioid analgesic administration during the visit and prescription given at discharge
	NR
	4 weeks
	At 4 weeks after the ED visit, any opioid medication for pain in the last 7 days?
	Nonspecific low back pain or low back pain with lower limb neurological signs and symptoms
	27
	11
	40.7%


	Heard, 2020 (14)
	USA
	Retrospective observational study
	Opioid-naïve (no opioid prescription in the 6 months preceding the index ED visit)
	Opioids were both administered during ED visit and prescribed at discharge
	NR
	180 days
	Filling >90-day supply in 180 days following ED visit as documented in the prescription drug monitoring program.
	Back pain
	7485

	250
	3.3%

	
	
	
	
	
	
	
	Filled opioid prescriptions from 5 or more prescribers and pharmacies in a 6-month period post visit.
	Back pain
	7485

	74
	1.0%

	
	
	
	
	
	
	
	Filled 4 or more opioid prescriptions in the 30 to 180 days post ED visit.
	Back pain
	7485

	454
	6.1%





eTable 5. Adverse events observed in patients with musculoskeletal pain who were administered opioid during ED visit and/or received an opioid prescription at discharge (n = 59 studies). *Serious, significant, or major adverse events as defined/reported in the study.
	Author, Year
	Country
	Study design
	Musculoskeletal conditions
	History of opioid use
	Length of follow-up
	Opioid therapy
	Follow-up (N)
	Patients with any adverse event (N)
	Total adverse events (N)
	Adverse events
	Serious adverse events* and withdrawal

	Administration

	During ED visit

	Ahern, 2013 (43)
	USA
	Prospective, nonrandomized, nonblinded observational study 
	Severe pain: Back pain and fracture
	NR
	30 minutes
	Ketamine, IV, 15mg
Hydromorphone, IV, 0.5mg
At 15 and 30 min, additional 1 mg hydromorphone IV administered as needed.
	7
	7
	20
	Fatigue: 3
Nausea: 3
Changes in vision: 2
Mood changes: 3
Headache: 3
Dizziness: 5
Generalised discomfort: 1
Hallucination: 0
Agitation: 0
	NR

	Ahmadi, 2014 (44)
	Iran
	Prospective, randomized, single-blind, noninferiority clinical trial
	Closed limb fracture (long bones)
	No treatment with opioids
	30 minutes
	Morphine, IV, 0.05-0.1 mg/kg 
Additional doses of 3 mg every 5-10 minutes
	120
	0
	0
	Nausea: 0
Vomiting: 0
Agitation: 0
Hallucination: 0
	NR

	Baharuddin, 2014 (45)
	Malaysia
	Randomized, double-blinded study
	Acute traumatic pain (bone fracture or soft tissue injury)
	NR
	30 minutes
	Morphine, IV, 0.10 mg/kg
	14
	6
	6
	Dizziness: 6
Stomach upset: 0
Allergic reaction: 0
Nausea: 0
	NR

	Eken, 2014 (46)
	Turkey
	Prospective, randomised, double-blind, controlled clinical trial
	Acute mechanical low back pain
	NR
	30 minutes
	Morphine, IV, 0.1 mg/kg

	45
	7
	7
	Allergic reaction (urticaria or itching): 0
Vertigo: 1
Nausea and vomiting: 1
Mild sedation: 1
Hypotension: 1
Dizziness: 3
Dry mouth: 0
	NR

	Esmailian, 2015 (47)
	Iran
	Double-blind clinical trial
	Rib fracture (one or two)
	No history of taking analgesic or opioid drugs, addiction
	30 minutes
	Morphine, IV, 0.1 mg/kg
	29
	1
	1
	Dizziness: 1
Respiratory depression (respiratory rate less than 10 times per minute): 0
Vomiting and nausea: 0
	NR

	Graudins, 2016 (48)
	Australia
	Double-blind, randomised, controlled, non-inferiority trial
	Acute limb injury
	NR
	30 minutes
	Paracetamol-Ibuprofen-Codeine, Oral, tablet, 1000/400/60 mg
	62
	0
	0
	
	NR

	
	
	
	
	NR
	30 minutes
	Paracetamol-Ibuprofen-Oxycodone, Oral, tablet, 1000/400/10 mg
	59
	0
	0
	
	NR

	Serinken, 2016 (49)
	Turkey
	Prospective randomized controlled parallel-design trial 
	Sciatica
	No drug or alcohol addiction

	30 minutes
	Morphine, IV, 0.1 mg⁄ kg
Fentanyl 1 µg/kg was used as rescue drug at the end of the 30 minutes if needed.
	99
	NR
	4
	Nausea: 2
Vertigo: 1
Hypotension: 1
Vomiting/ dizziness: 0
	NR

	Azizkhani, 2018 (50)
	Iran
	Randomised trial
	Traumatic long‑bone fractures with severe pain
	NR
	30 minutes
	Morphine, IV, 0.1 mg⁄ kg
	44
	3
	3
	Nausea and vomiting: 3
Apnoea, amnesia, increased salivation, restlessness, nystagmus, laryngospasm, and delirium: 0
	NR

	
	
	
	
	
	
	Morphine, Nebulised, 0.1 mg/kg; 
Ketamine, Nebulised, 1.5 mg/kg. 
If no response to pain in the nebulized ketamine and morphine group was observed after 15 min, IV morphine was used to relieve pain and the patient was excluded (in this study, all of the patients reported some relief of pain).
	44
	1
	1
	Nausea and vomiting: 1
Apnoea, amnesia, increased salivation, restlessness, nystagmus, laryngospasm, and delirium: 0
	NR

	Mollaei, 2016 (51)
	Iran
	Randomised trial
	Forearm and leg fracture 
	NR
	30 minutes
	Morphine, IV, 0.1 mg/kg
	28
	NR
	5
	Nausea: 2
Dizziness: 3
	NR

	Jalili, 2012 (52)
	Iran
	Randomised trial
	Acute extremity fracture(s)
	No addiction to narcotics reported by either the patient or the family
	30 minutes
	Buprenorphine, Sublingual, tablet, 0.4 mg
	49
	NR
	16
	Nausea: 7
Dizziness: 7
Hypotension (systolic blood pressure decrease of more than 20mmg Hg): 2
Decreased level of consciousness, respiratory depression (rate below 12 breaths /min), oxygen desaturation (less than 95%), seizure, or vomiting: 0
	NR

	
	
	
	
	
	
	Morphine, IV, 5 mg
	50
	NR
	26
	Nausea: 6
Dizziness: 11
Hypotension (systolic blood pressure decrease of more than 2mmg Hg): 9
Decreased level of consciousness, respiratory depression (rate below 12 breaths /min), oxygen desaturation (less than 95%), seizure, or vomiting:0
	NR

	Jalili, 2016 (59)
	Iran
	Randomized double-blinded clinical trial
	Acute limb trauma
	NR
	30 minutes
	Morphine, IV, 0.1 mg/kg
	30
	2
	2
	Dry mouth: 0
Nausea/vomiting: 0
Headache: 0
Dizziness: 2
Allergy: 0
Altered mental status: 0
	NR

	Stephen, 2012 (60)
	USA
	Non-randomized, open-label dose trial 
	Isolated extremity injury
	NR
	30 minutes
	Sufentanil, Intranasal, 0.5 µg/kg  
Maximum dose of 50 µg
	15
	NR
	10
	Mild, transient hypoxia to 88%: 1
Mild dysphoria: feeling loopy, fuzzy, floaty, or woozy: 7
Mild nausea: 2
	Significant hypotension: 0

	Torabi, 2019 (54)
	Iran
	Cohort study
	Isolated injuries of the upper limbs, lower limbs, or spine,
	No simultaneous use of alcohol and drugs. But patients with a positive history of opium addiction were also included (20.9%).
	30 minutes
	Fentanyl, IV, 1 µg/kg

	158
	6
	7
	Vertigo: 5
Hypotension: 1
Nausea: 1
	NR

	Shaker, 2018 (53)
	Iran
	Randomized double-blind controlled clinical trial
	Acute pain with limb fracture
	NR
	30 minutes
	Morphine, IV, 1 mg/kg

	48
	46
	46
	Nausea and vomiting: 18
Headache and dizziness: 8
Drowsiness, dizziness, or light-headedness: 19
Allergic reaction: 1
	NR

	Miner, 2008 (55)
	USA
	Prospective randomized controlled clinical trial
	Acute musculoskeletal pain
	NR

	30 minutes
	Morphine, IV, 0.1 mg⁄ kg
	125
	2
	2
	Transient oxygen saturations <93% (<1 minute): 2
Vomiting: 0
Decreased systolic blood pressure >20%: 0
	Withdrawal from the study due to increasing pain: 0

	
	
	
	
	
	
	Oxycodone, Oral, 0.125 mg⁄ kg
	140
	0
	0
	Oxygen saturation of <97% at any time: 0
Vomiting: 0
Decreased systolic blood pressure >20%: 0
	Withdrawal from the study due to increasing pain: 0

	Graham, 2008 (56)
	UK
	Single centre pragmatic randomised
controlled open-label trial
	Fractured neck of femur
	NR
	60 minutes
	Morphine, IV, 0.1 mg/kg
	18
	0
	0
	0
	Immediate complications:
anaphylaxis or collapse, respiratory depression or the requirement for naloxone use within one hour of IV morphine administration: 0

	Siu, 2004 (57)
	Hong Kong
	Prospective
observational study
	Acute musculoskeletal pain irrespective of trauma status (52%) and acute arthritic including gout (35%)
	No opioid dependence; No previous dependence on opiate agonists or tendency towards drug abuse
	60 minutes
	Tramadol, IM, 100 mg
No other form of pharmacologic analgesics was given in the first hour after injection
	40
	8
	8
	Vomiting: 3
Nausea: 3
Dizziness and dry mouth: 2
	Hypotension (after 5 hours of observation and admitted to hospital afterwards): 1

	Vahedi, 2019(61)
	Iran
	Double-blind randomized clinical trial
	Acute pain of traumatic limb injury
	Only included patients who were addicted to opioids (daily compulsive usage of opioids, daily dependency on opium)
	60 minutes
	Morphine, IV, 0.1 mg/kg
	152
	NR
	28
	Nausea and vomiting: 28
	Major drugs’ adverse effects on cardiopulmonary or cerebrovascular system (respiratory or cardiac arrest, symptomatic bradycardia, or loss of consciousness): 0

	
	
	
	
	
	
	Fentanyl, IV, 1 mcg/kg
	155
	NR
	17
	Nausea and vomiting: 17
	Major drugs’ adverse effects on cardiopulmonary or cerebrovascular system (respiratory or cardiac arrest, symptomatic bradycardia, or loss of consciousness): 0

	Zare, 2013 (58)
	Iran
	Prospective double-dummy, double-blind, placebo-controlled, randomized clinical trial
	Acute bone fracture(s)
	No addiction to narcotics reported by either the patient or the family
	60 minutes
	Acetaminophen-oxycodone, IV
Oral, tablet, 1g/10mg
	79
	NR
	38
	Nausea: 26
Itching: 12
Decreased level of consciousness, respiratory depression (respiratory rate below 12 breaths /min), oxygen desaturation (<95%), seizure, flushing, headache, and vomiting: 0
	NR

	
	
	
	
	
	
	Morphine, Injection, 5 mg
	74
	NR
	11
	Nausea: 8
Itching: 3
Decreased level of consciousness, respiratory depression (respiratory rate below 12 breaths /min), oxygen desaturation (<95%), seizure, flushing, headache, and vomiting: 0
	NR

	Jalili, 2012 (52)
	Iran
	Randomised trial
	Acute extremity fracture(s)
	No addiction to narcotics reported
by either the patient or the family
	60 minutes
	Buprenorphine, Sublingual, 0.4 mg
	44
	NR
	0
	Nausea: 0
Dizziness: 0
Hypotension (systolic blood pressure decrease of more than 20mmg Hg): 0
Decreased level of consciousness, respiratory depression (rate below 12 breaths /min), oxygen desaturation (less than 95%), seizure, or vomiting: 0
	NR

	
	
	
	
	
	
	Morphine, IV, 5 mg
	45
	NR
	4
	Nausea: 1
Dizziness: 2
Hypotension (systolic blood pressure decrease of more than 20mmg Hg): 1
Decreased level of consciousness, respiratory depression (rate below 12 breaths /min), oxygen desaturation (less than 95%), seizure, or vomiting: 0
	NR

	Khoury, 2018 (62)
	Israel
	Observational prospective clinical trial
	Acute musculoskeletal pain caused by injury
	No history of opioid abuse
	60 minutes
	Oxycodone, Oral, syrup, 0.1 mg/kg
	50
	3
	NR
	Minor effects: NR
	NR

	Lee, 2008 (63)
	Hong Kong
	Randomised, double blind controlled trial
	Acute musculoskeletal pain (irrespective of trauma history) and acute arthritis (including gout)
	No opioid dependence
	60 minutes
	Tramadol, IM, 100mg;
Paracetamol, Oral, 500 mg
	39
	19
	30
	Dry mouth: 13
Headache: 0
Nausea: 6
Dyspnoea: 1
Dizziness (including one required medication): 4
Abdominal discomfort: 1
Sweating: 1
Drowsiness: 2
Sleepy: 1
Tired: 1
Dyspepsia: 0
Sweet taste: 0
	Major life-threatening effect: 0

	Mahshidfar, 2017 (64)
	Iran
	Randomized double-blinded clinical trial
	Acute musculoskeletal pain caused by trauma
	Not opiate users
	60 minutes
	Morphine, IV, 0.1 mg/kg
In case of insufficient pain reduction, 3 mg IV morphine was injected every 5 minutes as a rescue analgesic.
	150
	NR
	159
	Nausea: 26
Flushing: 54
Dizziness: 48
Mood changes: 4
Desaturation: O2 saturation <90%: 27
Bradycardia: heart rate less than 60 per min: 0
Hypotension, systolic blood pressure <90mmHg: 0
	Life-threatening complication: 0

	Veenema, 2000 (70)
	USA
	Double-blind prospective randomized comparative clinical trial
	Severe musculoskeletal low back pain
	NR
	60 minutes
	Meperidine, IM, 1 mg/kg 
	75
	NR
	41
	Dizzy: 19
Nausea: 7
Parathesias: 2
Asleep: 8
Dry mouth: 3
Hot: 1
Pain at site: 0
Dyspnoea: 1
Judged by the study enroller to be either sedated or asleep: 53
	Sustained respiratory depression significant enough to require naloxone: 1

	Shervin, 2014 (65)
	Iran
	Double-blind randomized clinical trial.
	Limb trauma with acute pain
	No recent or history of opioid use or addiction
	60 minutes
	Fentanyl, Nebulized, 4 μg/kg
After 15 minutes, 1 mg IV morphine was given as the rescue dose (repeated at 5-min intervals).
	47
	0
	0
	Nausea, vomiting: 0
Light-headedness, loss of consciousness: 0
	NR

	
	
	
	
	
	
	Morphine, IV, 0.1 mg⁄ kg
After 15 minutes, 1 mg IV morphine was given as the rescue dose (repeated at 5-min intervals).
	43
	4
	4
	Nausea, vomiting: 2
Light-headedness, loss of consciousness (not life-threatening, self-limited): 2
	NR

	Graudins, 2016 (48)
	Australia
	Double-blind, randomised, controlled,
non-inferiority trial
	Acute limb injury
	NR
	60 minutes
	Paracetamol-ibuprofen-codeine, Oral, tablet, 1000/400/60 mg
	62
	0
	0
	0
	NR

	
	
	
	
	
	
	Paracetamol-ibuprofen-oxycodone, Oral, tablet, 1000/400/10 mg
	59
	1
	NR
	NR
	NR

	Craig, 2012 (71)
	UK
	Randomised, double-blind, prospective pilot study
	Acute traumatic limb pain (Isolated limb trauma)
	NR
	60 minutes
	Morphine, IV, 10 mg
	28
	8
	NR
	Systolic blood pressure <90 mmHg; Respiratory rate <10 breaths per minute; Glasgow Coma Scale <13; Oxygen saturation <95%; or Anaphylaxis: NR
	NR

	Farahmand, 2018 (72)
	Iran
	Randomized double blind controlled superiority trial
	Acute limb trauma/ extremity injury
	NR
	60 minutes
	Morphine, IV, 0.1 mg/kg
After 15 minutes, a fixed does of 50 µg fentanyl administered as requested.
	25
	1
	1
	Nausea and vomiting: 1
	NR

	Farsi, 2013  (66)
	Iran
	Prospective randomized double-blind placebo-controlled trial 
	Acute limb trauma
	No previous adverse reaction to morphine
	60 minutes
	Morphine, IV, 0.1 mg/kg
	100
	NR
	24
	Hypotension (drop of systolic pressure below 90 mmHg): 4
Tachycardia (heart rate above 100/min): 8
Vomiting: 8
Decreased level of consciousness (GCS score of 14/15): 4
Respiratory depression (respiratory rate below 10/min associated with an oxygen saturation of rate less than 90%): 0
Urinary retention: 0
	Required intubation: 0


	
	
	
	
	
	
	Morphine, IV, 0.1 mg/kg
Followed by IV administration of morphine at 0.05 mg/kg at 30 min from the initial dose (0.15 mg/kg administered in total)
	100
	NR
	37
	Hypotension (drop of systolic pressure below 90 mmHg): 8
Tachycardia (heart rate above 100/min): 14
Vomiting: 10
Decreased level of consciousness (GCS score of 14/15): 5
Respiratory depression (respiratory rate below 10/min associated with an oxygen saturation of rate less than 90%): 0
Urinary retention: 0
	Required intubation: 0


	Ahern, 2013 (43)
	USA
	Prospective, nonrandomized, nonblinded observational study 
	Severe pain: Back pain x5; Fracture x2
	NR
	60 minutes
	Ketamine, IV, 15mg;
Hydromorphone, IV, 0.5mg
At 15 and 30 min, additional 1 mg hydromorphone IV administered as needed.
	7
	0
	0
	0
	Significant adverse cardiopulmonary events (eg, tachycardia, dysrhythmia, hypertension, or hypoxia): 0

	Hoogewijs, 2000 (67)
	Belgium
	Prospective open single blinded randomised study 
	Single peripheral/ limb trauma
	No concomitant pain medication prior to admission
	60 minutes
	Piritramide, IM, 0.25 mg/kg
	36
	NR
	19
	Pain on injection: 1
Vagal reaction (decrease of heart rate and blood pressure of more than 25% of baseline values): 2
Dizziness/vertigo: 10
Nausea/vomiting: 1
Respiratory depression (respiratory frequency of 10 or less per minute): 0
SpO2 decrease (pulse oximetric values decreased 5% compared with baseline values): 5
	NR

	
	
	
	
	
	
	Tramadol, IV, 1 mg/kg
	30
	NR
	2
	Pain on injection: 0
Vagal reaction (decrease of heart rate and blood pressure of more than 25% of baseline values): 0
Dizziness/vertigo: 0
Nausea/vomiting: 2
Respiratory depression (respiratory frequency of 10 or less per minute): 0
SpO2 decrease (pulse oximetric values decreased 5% compared with baseline values): 0
	NR

	Kariman, 2011 (68)
	Iran
	Randomised trial
	Isolated extremity trauma
	Patients with opioid addiction were included (6 out of 50)

	60 minutes
	Fentanyl, IV, 2 µg/kg
	50
	NR
	10
	Tachycardia (heart rate >110 beats per minute): 1
Delirium-like state (partial or complete disruption of the normal integration of a person's conscious or psychological functioning): 3
Dizziness: 2
Headache: 1
Light-headedness: 1
Sweating: 2
	NR

	Lovell, 2004 (69)
	USA
	Prospective, double-blind, controlled clinical trial design
	Acute musculoskeletal pain (back, neck, extremity)
	NR
	60 minutes
	Oxycodone-acetaminophen, Oral, 10/650 mg
Rescue medication was offered at 30 and 60 minutes. Patients were discharged home with 2 doses of ibuprofen 400 mg (rescue medication).
	25
	NR
	14
	Sedation/dizziness: 11
Nausea/dyspepsia (gastrointestinal disturbances): 3
	NR

	Graudins, 2016 (48)
	Australia
	Double-blind, randomised, controlled,
non-inferiority trial
	Acute limb injury
	No regular use of analgesic agents for chronic pain
	90 minutes
	Paracetamol-ibuprofen-codeine, Oral, tablet, 1000/400/60 mg
	62
	1
	1
	Not specified: 1
	NR

	
	
	
	
	
	
	Paracetamol-ibuprofen-oxycodone, Oral, tablet, 1000/400/10 mg
	59
	10
	14
	Lightheaded alone: 4
Lightheaded and nausea: 3
Nausea alone: 2
Drowsiness: 1
	NR

	Authur, 2015 (87)
	Qatar
	Prospective, randomized controlled trial
	Isolated orthopaedic injuries: musculoskeletal pain
	No history of chronic opioid use or abuse
	2 hours
	Oxycodone-acetaminophen, Oral, tablets, 10/650 mg

	25
	6
	6
	Pruritus (administered diphenhydramine): 1
Light-headedness, dry mouth, headache (none required intervention): 5
New tachycardia (HR > 100), bradycardia (HR < 60), hypertension (SBP > 140), hypotension (SBP < 90), or hypoxemia (SpO2 < 95%): 0
Nausea: 0
	Significant side effects: 0

	Friedman, 2021 (78)
	USA
	Randomized, double-blind comparative effectiveness
	Acute musculoskeletal pain refractory to ibuprofen (oral 600 mg)
	Opioid-naïve; No use of any opioid within the previous 10 days

	2 hours
	Oxycodone-acetaminophen, Oral, capsules, 10/650 mg

	76
	26
	29
	Dizziness: 6
Drowsiness: 17
Nausea: 6
	NR

	Gong, 2019 (86)
	New Zealand
	Prospective, double-blind, randomized, active-controlled, parallel-arm study
	Acute closed limb or trunk injury
	Not regular users of analgesics for chronic conditions
	2 hours
	Paracetamol-ibuprofen-codeine, Oral, capsules, 1 g/400 mg/60 mg

	60
	14
	16
	Nausea or vomiting: 2
Drowsiness, dizziness, or light-headedness: 10
Hot: 3
Shortness of breath: 1
Hypersensitivity: 0
	Required specific treatments for the adverse events: 0

	Behrbalk, 2013 (85)
	Israel
	Prospective, single-blinded, randomized clinical trial
	Acute non-serious low back pain
	NR
	2 hours
	Morphine, IV, 0.10 mg/kg or up to 10 mg
	30
	7
	7
	Drowsiness and sedation: 6
Nausea and vomiting: 1
Seizures/myoclonus: 0
Headache: 0
	Cardiorespiratory adverse events (apnoea, hypoxemia, hypotension, bradycardia): 0

	
	
	
	
	
	
	Morphine, IV, 0.10 mg/kg or up to 10 mg 
Promethazine, IV, 25 mg

	29
	30
	30
	Drowsiness and sedation: 27
Nausea and vomiting: 1
Seizures/myoclonus (Generalised myoclonic muscular twitches that lasted less than 1 min): 1
Severe headache: 1
	Cardiorespiratory adverse events (apnoea, hypoxemia, hypotension, bradycardia): 0

	Bijur, 2021 (84)
	USA
	Randomized double-blind superiority
trial 
	Acute musculoskeletal extremity pain
	Never received methadone

	2 hours
	Codeine-acetaminophen, Oral, 30/300 mg
Rescue analgesics: 5 mg of oral oxycodone at any point during the 2-hour study period
	117
	NR
	40
	Drowsy/dizzy/lightheaded: 27
Nausea/vomiting: 6
Abdominal pain/heartburn: 4
Gas/diarrhea: 1
Rash/itch: 2
	NR

	
	
	
	
	
	
	Hydrocodone-acetaminophen, Oral, 5/300 mg
Rescue analgesics: 5 mg of oral oxycodone at any point during the 2-hour study period
	116
	NR
	51
	Drowsy/dizzy/lightheaded: 32
Nausea/vomiting: 10
Abdominal pain/heartburn: 5
Gas/diarrhea: 1
Rash/itch: 3
	NR

	
	
	
	
	
	
	Oxycodone-acetaminophen, Oral, 5/325 mg
Rescue analgesics: 5 mg of oral oxycodone at any point during the 2-hour study period
	118
	NR
	49
	Drowsy/dizzy/lightheaded: 36
Nausea/vomiting: 8
Abdominal pain/heartburn: 4
Gas/diarrhea: 1
Rash/itch: 0
	NR

	Buccelletti, 2014 (83)
	Italy
	Cross-sectional, observational, prospective, cohort study (pseudo-randomized).
	Localised traumatic or inflammatory pain (extremities)
	NR
	2 hours
	Codeine-Paracetamol, Oral, 60/1000 mg

	87
	0
	0
	0
	Any significant side effects: 0

	Chew, 2017 (77)
	Malaysia
	Prospective, randomised, open-label study
	Acute musculoskeletal injuries (soft tissue injury with/without bone fractures)
	Did not receive any form of opioid before the intervention

	2 hours
	Fentanyl, Intranasal, 1.5 mcg/kg
Tramadol, IV, 2 mg/kg
	10
	NR
	11
	Nausea: 0
Vomiting: 0
Dizziness: 3
Sleepiness: 8
	NR

	
	
	
	
	 
	
	Tramadol, IV, 2 mg/kg
	10
	NR
	9
	Nausea: 0
Vomiting: 0
Dizziness: 4
Sleepiness: 5
	NR

	Pan, 2018 (76)
	China
	Randomised trial
	Lower extremity displaced fracture (foot fracture excluded)
	No history of prior or current analgesia use

	2 hours
	Hydrocodone-acetaminophen, Oral, tablet, 5/500 mg
One dose only.
	85
	NR
	45
	Nausea: 15
Pruritus: 8
Dizziness: 9
Vomiting: 9
Sedation: 4
	Apparent severe adverse events: respiratory depression or hyperemesis: 0

	
	
	
	
	 
	
	Morphine, IV titration.
Titrated every 5 min by 3‑mg increments until one of the following conditions: VAS, ≤60; respiratory rate, ≤12; pulse oxygen saturation, ≤95%; or a severe adverse event associated with morphine administration (respiratory depression or hyperemesis).
	81
	NR
	49
	Nausea: 11
Pruritus: 6
Dizziness: 6
Vomiting: 13
Sedation: 13
	Apparent severe adverse events: respiratory depression or hyperemesis: 0

	Tongbua, 2022 (82)
	Thailand
	Non-inferiority, double-blind, randomised controlled trial
	Acute musculoskeletal pain of known injury
	No unknown drug use; No history of alcohol or drug abuse.
	2 hours
	Morphine, IV, 0.1 mg/kg
Unimproved pain score or a need for rescue therapy, 0.5 mcg/kg fentanyl IV was administered.
	37
	NR
	5
	Dizziness: 3
Nausea and vomiting: 2
Fatigue: 0
Feeling of unreality: 0
Changes in hearing: 0
Changes in vision: 0
Mood changes: 0
Generalised discomfort: 0
Hallucination: 0
	A severe adverse reaction to the medication (e.g. anaphylaxis, cardiac arrest, intractable hypotension, hyper-secretion or laryngospasm): 0
Required antiemetic drug for nausea and vomiting: 1


	Turturro, 1998 (75)
	USA
	Randomised, prospective, double-blind clinical trial
	Acute musculoskeletal pain caused by trauma
	No suspected substance abuse
	3 hours
	Tramadol, Oral, capsule, 100 mg 
	30
	6
	6
	Nausea/vomiting: 1
Drowsiness/dizziness: 3
Anxiety: 2
	NR

	
	
	
	
	
	
	Hydrocodone-acetaminophen, Oral, capsule, 5/500 mg
	32
	4
	4
	Nausea/vomiting: 1
Drowsiness/dizziness: 3
Anxiety: 0
	NR

	Foss, 2007 (81)
	Denmark
	Double-blind, randomised trial
	Hip fracture
	No regular pre-fracture opioid or glucocorticoid therapy; No previous opioid administration for the acute pain
	3 hours
	Morphine, Intramuscular, 0.1 mg/kg
From 30 minutes and beyond, additional 2.5 mg morphine IV as needed.
	24
	NR
	10
	Nausea and vomiting: 3
Sensitivity to cold was absent on the anterior part of the femur: 1
Sedation: 6
	NR

	Scott, 1994 (80)
	USA
	Prospective, open-label, uncontrolled study
	Musculoskeletal or soft tissue injury
	No history of ethanol or drug abuse
	3 hours
	Butorphanol, Transnasal, 1 mg
Subsequent doses of 0.5 to 1 mg were administered at 30-min intervals as needed. Maximum dose in 2 hours was 3 mg.
	28
	NR
	56
	Drowsiness: 23
Dizziness (including light-headedness): 15
Medicinal taste: 11
Nasal irritation: 4
Nausea: 3
	Discontinued due to nausea requiring antiemetic medication: 1

	Jahanian, 2018 (74)
	Iran
	Randomised, controlled, double-blinded, clinical trial
	Upper or lower extremity long bone fractures
	Drug addiction; Intravenous drug use
	4 hours
	Morphine, IV, 0.1 mg/kg
In the absence of pain relief at any time of the study, half of the previous doses of the same group was administered. If the pain score remains 9 or 10, or more than 2 times to the administered drug, rescue analgesic (fentanyl IV 1 μg/kg) was given.
	78
	NR
	25
	Nausea and vomiting: 12
Dyspepsia: 8
Drowsiness: 5

	NR

	Rainer, 2000 (79)
	Hong Kong
	Double blind, randomised, controlled study and cost consequences analysis
	Isolated painful limb injury
	No history of substance misuse; No previous treatment with analgesia for the same injury.
	6 hours
	Morphine, IV, 5 mg
Additional 2.5 mg every 5 min up to 20 min (max 15 mg) as required.
	73
	65
	179
	Drowsiness: 43
Sleeping: 8
Dizziness: 55
Nausea: 27
Vomiting: 12
Phlebitis: 20
Sweating: 5
Rashes: 3
Abdominal pain: 3
Breathless: 2
Dry mouth: 1
Headache, wheeze, chest tightness, indigestion, or gastrointestinal haemorrhage: 0
	Admitted to hospital due to adverse effects (dizziness, drowsiness, and vomiting): 3

	Silverman, 2004 (73)
	USA
	Prospective study
	Acute pain or an exacerbation of chronic pain
	NR
	During ED visit until the occurrence of nausea /discharge
	Meperidine, 100 mg
	156
	20
	20
	Nausea or vomiting: 20
	NR

	
	
	
	
	
	
	Morphine, 10 mg
	37
	0
	0
	
	NR

	Post ED discharge

	Graham, 2008 (56)
	UK
	Single centre pragmatic randomised
controlled open-label trial
	Fractured neck of femur
	NR
	24 hours
	Morphine, IV, 0.1 mg/kg
Standard analgesic protocol for in-patient use over the first 24 hours (both in the ED and ward): IV morphine 0.1 mg/kg bolus as required 2-4 hourly; Oral dihydrocodeine 30-60 mg 4 hourly as required (maximum 240 mg per 24 hours).
	18
	1
	1
	
	Significant preoperative events: development of an acute confusional state: 1

	Lovell, 2004 (69)
	USA
	Prospective, double-blind, controlled clinical trial design
	Acute musculoskeletal pain (back, neck, extremity)
	No history of opioid abuse
	24 hours
	Oxycodone-acetaminophen, Oral, 10/650 mg
Rescue medication was offered at 30 and 60 minutes. Patients were discharged home with 2 doses of ibuprofen 400 mg (rescue medication).
	25
	0
	0
	
	NR

	Shear, 2010 (92)
	USA
	Double-blind trial
	Orthopaedic pain (extremity injury)
	No history of opioid abuse.
	24 hours
	Fentanyl, Transbuccal, 100 μg

	30
	NR
	4
	Slight nausea: 0
Dizzy or woozy: 4
Vomiting: 0
	Significant decrement in heart rate, blood pressure, respiratory rate, or pulse oximetry (drop <96%): 0
Hemodynamic or respiratory interventions or intravenous fluids or supplemental oxygen as part of routine care during the study period: 0

	
	
	
	
	
	
	Oxycodone-acetaminophen, Oral, 5/325 mg

	30
	NR
	15
	Vomiting: 1
Slight nausea: 8
Dizzy or woozy: 6
	Significant decrement in heart rate, blood pressure, respiratory rate, or pulse oximetry (drop <96%): 0
Hemodynamic or respiratory interventions or intravenous fluids or supplemental oxygen as part of routine care during the study period: 0

	Marco, 2005 (100)
	USA
	Prospective, double-blind, randomized trial 
	Acute fracture
	History of opioid or other substance abuse
	48 hours
	Oxycodone-acetaminophen, Oral, 5/325 mg
	35
	NR
	15
	Nausea: 5
Vomiting: 1
Constipation: 0
Itching: 3
Drowsiness: 6
	NR

	
	
	
	
	
	
	Hydrocodone-acetaminophen, Oral, 5/325 mg
	32
	NR
	32
	Nausea: 7
Vomiting: 2
Constipation: 4
Itching: 6
Drowsiness: 13
	NR

	Prescription

	Chang, 2015 (91)
	USA
	Prospective, randomized, double-blind clinical trial
	Acute musculoskeletal extremity pain
	No history of prior or current methadone use or recreational opioid use
	24 hours post discharge
	Oxycodone-acetaminophen, Oral, 5/325 mg
3-day supply; take one dose every 4 hours as needed.
	107
	NR
	74
	Nausea: 18
Vomiting: 5
Constipation: 0
Diarrhea: 3
Pruritus: 3
Rash: 2
Dizziness: 18
Drowsiness: 24
Confusion: 1
	NR

	
	
	
	
	
	
	Hydrocodone-acetaminophen, Oral, 5/325 mg
3-day supply; take one dose every 4 hours as needed.
	113
	NR
	51
	Nausea: 8
Vomiting: 1
Constipation: 2
Diarrhea: 2
Pruritus: 4
Rash: 2
Dizziness: 8
Drowsiness: 23
Confusion: 1
	NR

	Chang, 2015 (99)
	USA
	Prospective, randomized, double-blind clinical trial 
	Acute musculoskeletal extremity pain
	No history of prior or current methadone use or recreational opioid use
	24 hours post discharge
	Oxycodone-acetaminophen, Oral, 5/325 mg
3-day supply; take one dose every 4 hours as needed.
	111
	NR
	68
	Nausea: 13
Vomiting: 4
Constipation: 0
Diarrhea: 1
Pruritus: 6
Rash: 2
Dizziness: 11
Drowsiness: 30
Confusion: 1
	Serious adverse events: 0

	
	
	
	
	
	
	Codeine-acetaminophen, Oral, 30/300 mg
3-day supply; take one dose every 4 hours as needed.
	104
	NR
	61
	Nausea: 12
Vomiting: 2
Constipation: 0
Diarrhea: 3
Pruritus: 4
Rash: 3
Dizziness: 13
Drowsiness: 23
Confusion: 1
	Serious adverse events: 0

	Chang, 2014 (98)
	USA
	Prospective, randomized, double-blind clinical trial 
	Acute musculoskeletal extremity pain
	No history of prior or current methadone use or recreational opioid use
	24 hours post discharge
	Hydrocodone-acetaminophen, Oral, 5/500 mg
3-day supply; take one dose (2 tablets) every 4 hours as needed.
	88
	35
	54
	Nausea: 9
Vomiting: 2
Constipation: 0
Diarrhea: 0
Pruritus: 3
Rash: 1
Dizziness: 12
Drowsiness: 25
Confusion: 2
	NR

	
	
	
	
	
	
	Codeine-acetaminophen, Oral, 30/300 mg
3-day supply; take one dose (2 tablets) every 4 hours as needed.
	93
	39
	51
	Nausea: 9
Vomiting: 1
Constipation: 0
Diarrhea: 5
Pruritus: 3
Rash: 0
Dizziness: 5
Drowsiness: 27
Confusion: 1
	NR

	Turturro, 1991 (90)
	USA
	Randomised trial
	Acute musculoskeletal pain
	No known or suspected drug abuse; Not using other analgesics
	48 hours
	Hydrocodone-acetaminophen, Oral, tablet, 5/500 mg per tablet.
25 tablets; take one dose at the onset of the study and every 4 hours thereafter as needed for pain.
	25
	8
	11
	Central nervous system or Gastrointestinal: 8
Nausea or vomiting: 3
Constipation: 2
Central nervous system: Drowsy or dizzy: 6
Sedation or inadequate analgesia: NR
	NR

	
	
	
	
	
	
	Codeine-acetaminophen, Oral, tablet, 30/500 mg per tablet.
25 tablets; take one dose at the onset of the study and every 4 hours thereafter as needed for pain.
	25
	18
	24
	Central nervous system or Gastrointestinal: 18
Nausea or vomiting: 6
Constipation: 2
Centrla nervous system: Drowsy or dizzy: 16
Sedation or inadequate analgesia: NR
	NR

	Friedman, 2015 (33)
	USA
	Randomised trial
	Acute musculoskeletal low back pain (nontraumatic non-radicular)
	No chronic opioid use currently or in the past
	1 week
	Oxycodone
Acetaminophen 
Naproxen, Oral, tablet, 5 mg/tablet
325 mg/tablet
500 mg/tablet
10-day supply, 1 Naproxen tablet every 12 hours; 1 or 2 Oxycodone/ Acetaminophen tablets every 8 hours (as needed)
	108
	43
	58
	Drowsiness: 16
Dizziness: 16
Stomach irritation: 7
Nausea or vomiting: 19
(Other AEs occurred in ≤3 patients were not listed)
	NR

	McIntosh, 2004 (97)
	USA
	Observational study (telephone survey)
	Acute orthopaedic injury
	NR
	14 days
	Acetaminophen-oxycodone: 13
Acetaminophen- oxycodone: 35
Acetaminophen-hydrocodone: 23
Acetaminophen-codeine: 4
Acetaminophen-propoxyphene: 3
Oxycodone: 2
Hydromorphone: 2
Morphine SR: 1
Nonsteroidal anti-inflammatory drugs: 16
Diazepam: 1
Methocarbamol: 1
(83 out of 101 patients received opioid analgesic)
	101
	26
	26
	Nausea: 9
Dizziness: 9
Constipation: 2
Nausea with vomiting: 2
Pruritis: 2
Insomnia: 1
Urticaria: 1
	Discontinued narcotic analgesics due to significant side effects: 3
Medications changed by primary physician or orthopaedist due to side effects (medication not specified): 2

	Guillen-Astete, 2017 (89) 
	Spain
	Retrospective observational study
	Low back pain
	NR
	30 days
	Tapentadol, Oral, 25 mg (23 patients)
50 mg (68 patients)
Twice daily.
	91
	19
	19
	NR
	Visited the ED for reassessment in the first 30 days for adverse effects: 3
Visited the ED for reassessment in the first 30 days for pain: 16

	Both administration and prescription

	Aghababian, 1986 (96)
	USA
	Randomised trial
	Grade 2 ankle sprain
	NR
	4 days
	Codeine-acetaminophen 
, Oral tablet, 30/300mg
1-2 tablets every 4 hours as needed.
	21
	6
	6
	Drowsiness: 3
Nausea: 3
	NR

	Sleet, 1980 (88)
	UK
	Randomized double-blind trial
	Fractures, musculoskeletal disorders, burns or soft-tissue infections
	NR
	5 days
	Dextropropoxyphene-paracetamol, Oral, tablet, 65/650 mg
3 doses in 24 hours, followed by 6-hourly intervals as needed for 5 days post-discharge.
	46
	21
	33
	Drowsy/sleepy: 7
Headache: 4
Itching/rash: 3
Depression: 0
Diarrhoea: 0
Vomiting/nausea: 11
Stomach upset/pain: 3
Fever: 1
Backache: 1
Dizzy/giddy: 2
Dryness of mouth: 1
	Withdrawing from trial due to severe nausea: 2
Withdrawing from trial due to headache: 1
Withdrawing from trial due to Rash, fever, and backache: 1

	Hewitt, 2007 (95)
	USA
	Randomized, double-blind, outpatient, active- and placebo-controlled, parallel-group, clinical trial
	Acute ankle sprain
	No tramadol/ acetaminophen or hydrocodone/ acetaminophen
within the previous 30 days

	6 days
	Tramadol-acetaminophen, Oral, capsules, 75/650 mg
The initial dose was administered at the study site. On discharge, take 1 to 2 capsules up to 4 times daily for up to 5 days.
	190
	82
	93
	Somnolence: 33
Nausea: 29
Dizziness: 17
Vomiting: 14
	Serious adverse events or death: 0
Discontinuation caused by adverse events: 10


	
	
	
	
	
	
	Hydrocodone-acetaminophen, Oral, capsules, 7.5/650 mg
The initial dose was administered at the study site. On discharge, take 1 to 2 capsules up to 4 times daily for up to 5 days.
	201
	73
	89
	Somnolence: 33
Nausea: 29
Dizziness: 19
Vomiting: 8
	Serious adverse events or death: 0
Discontinuation caused by adverse events: 9

	Hunold, 2013 (94)
	USA
	Cross-sectional study
	Acute musculoskeletal pain
	Not taking an opioid prior to ED visit
	4-7 days
	Only opioid analgesic (opioid-containing)
	70
	47
	88
	Tired: 21
Nausea: 18
Vomiting: 10
Dizziness: 14
Unsteadiness: 10
Constipation: 15
	Revisited the ED during the first week: 2

	Innes, 1998 (93)
	Canada
	Randomised trial
	Acute musculoskeletal low back pain
	No current, suspected or known drug abuse; Not expected to require any analgesics during the 1-week study period.
	7-9 days
	Codeine-acetaminophen, Oral, capsules, 60/600 mg
Same dose repeated every 4 to 6 hours as needed, up to 6 doses in 24 h.
	59
	38
	76
	Nausea, vomiting, abdominal pain, dyspepsia, somnolence, dysphoria, dizziness, and visual disturbance: 76
	Severe adverse drug events (Incapacitating symptoms that precluded work or normal activities, that were prolonged, that led to discontinuation of study drugs, or that required medical evaluation or treatment): 10
Severe events to cause study termination (nausea, vomiting, abdominal pain, dyspepsia, somnolence, dysphoria, dizziness, and visual disturbance): 7








eTable 6. The gradings of all adverse events reported in included studies according to the CTCAE.

Grade 1–2: Mild to Moderate severity
	
	Digestive system

	1
	Abdominal discomfort

	2
	Abdominal pain

	3
	Stomach irritation

	4
	Stomach pain

	5
	Stomach upset

	6
	Heartburn

	7
	Constipation

	8
	Diarrhea

	9
	Hyper-secretion

	10
	Increased salivation

	11
	Dry mouth

	12
	Dyspepsia/ Indigestion

	13
	Dyspepsia (gastrointestinal disturbances)

	14
	Gas

	15
	Medicinal taste

	16
	Sweet taste

	17
	Nausea

	18
	Vomiting

	
	

	 
	Nervous system

	1
	Changes in hearing

	2
	Visual disturbance

	3
	Changes in vision

	4
	Decreased level of consciousness (GCS score of 14/15)

	5
	Headache

	6
	Light-headedness

	7
	Restlessness

	8
	Sedation

	9
	Insomnia

	10
	Sleepiness (sleeping, sleepy)

	11
	Somnolence

	12
	Unsteadiness

	13
	Vertigo

	14
	Dizziness

	15
	Drowsiness

	16
	Delirium

	17
	Delirium-like state

	18
	Development of an acute confusional state

	19
	Seizures/myoclonus (Generalised myoclonic muscular twitches that lasted less than 1 min)

	20
	Seizure

	
	

	 
	Respiratory system

	1
	Breathless

	2
	Shortness of breath

	3
	Dyspnoea

	4
	Nasal irritation

	5
	Oxygen desaturation/ Hypoxemia (SpO2 < 95%)

	6
	Pulse oximetry (drop <96%).

	7
	Oxygen saturation of <97% at any time

	8
	SpO2 decrease (pulse oximetric values decreased 5% compared with baseline values)

	9
	Transient oxygen saturations <93% (<1 minute)

	10
	Respiratory depression (rate below 12 breaths /min)

	11
	Wheeze

	12
	Desaturation: O2 saturation <90%

	13
	Hypoxemia

	
	

	
	Circulatory system

	1
	Chest tightness

	2
	Flushing

	3
	Hypertension (SBP > 140)

	4
	Hypotension

	5
	Decreased systolic blood pressure >20%

	6
	Hypotension (drop of systolic pressure below 90 mmHg)

	7
	Hypotension (systolic blood pressure decrease of more than 20 mmHg)

	8
	Phlebitis

	9
	Bradycardia: heart rate less than 60 per min

	10
	Tachycardia (heart rate above 100/min)

	11
	Tachycardia (heart rate >110 beats per minute)

	12
	Vagal reaction (decrease of heart rate and blood pressure of more than 25% of baseline values)

	
	

	 
	Psychiatric disorders 

	1
	Agitation

	2
	Altered mental status

	3
	Amnesia

	4
	Anxiety

	5
	Asleep

	6
	Depression

	7
	Feeling of unreality

	8
	Hallucination

	9
	Dysphoria: feeling loopy, fuzzy, floaty, or woozy

	10
	Mood changes

	
	

	 
	Skin and subcutaneous issue

	1
	Itching

	2
	Rash

	3
	Paraesthesia

	4
	Pruritis

	5
	Hypersensitivity

	6
	Urticaria

	7
	Sweating

	
	

	 
	Musculoskeletal system

	1
	Backache

	
	

	 
	Renal system

	1
	Urinary retention

	
	

	 
	Immune system

	1
	Allergic reaction

	
	

	 
	Other

	1
	Fatigue

	2
	Fever

	3
	Generalised discomfort

	4
	Hot

	5
	Pain at site

	6
	Pain on injection

	7
	Tired




Grade 3–4: Severe severity/medical significant or life-threatening
	1
	Gastrointestinal haemorrhage

	2
	Laryngospasm

	3
	Hyperemesis

	4
	Collapse

	5
	Loss of consciousness

	6
	Glasgow Coma Scale <13

	7
	Hypoxia to 88%

	8
	Apnoea

	9
	Sustained respiratory depression significant enough to require naloxone

	10
	Required intubation

	11
	Respiratory arrest

	12
	Respiratory depression (respiratory rate below 10/min associated with an oxygen saturation of rate less than 90%)

	13
	Symptomatic bradycardia

	14
	Dysrhythmia

	15
	Cardiac arrest

	16
	Intractable hypotension

	17
	Anaphylaxis




Grade 5: Death
	1
	Death



eTable 7. Summary of definitions of serious adverse events (or synonymous terms) specified in the study methods (n = 4 studies).
	Author and year
	Country
	Follow-up (N)
	Total adverse events (N)
	SAEs as defined (N)
	 Definition of serious adverse events

	Tongbua, 2022(82)
	Thailand
	37
	5
	0
	Severe adverse reaction, eg, anaphylaxis, cardiac arrest, intractable hypotension, hypersecretion, or laryngospasm.
Side effect rating scale for dissociative anaesthetics (SERSDA; 5-point scale: 0: absence of any side effect and 4: severely bothersome side effects): fatigue, dizziness, nausea, headache, feeling of unreality, changes in hearing, mood change, general discomfort, hallucinations.
Richmond agitation sedation scale (RASS; 9-point scale: unarousal (-5) to alert and calm (0) to combative (+4)): severity of agitation and/or sedation

	Pan, 2018(76)
	China
	166
	94
	0
	Severe adverse event associated with morphine administration: 
Respiratory depression or hyperemesis

	Behrbalk, 2013(85)
	Isreal
	59
	37
	0
	Six major adverse events:
Apnoea, hypoxemia, hypotension, bradycardia, seizures, vomiting, drowsiness, drowsiness.

	Vahedi, 2019(61)
	Iran
	307
	45
	0
	Major adverse effects on cardiopulmonary or cerebrovascular system: 
Respiratory or cardiac arrest, symptomatic bradycardia, loss of consciousness



eTable 8. Opioid misuse in patients with musculoskeletal pain who were administered opioid during ED visit and/or received an opioid prescription at discharge (n = 1 study).
	Author and year
	Country
	Study design
	History of opioid use
	Type(s) of opioid
	Opioid prescription
	Length of follow up
	Definition of outcome measure
	MSK condition
	Follow-up (N)
	Continued use (N)
	(%)

	Beaudoin, 2014 (101)
	USA
	Prospective observational study
	Patients reported prescription opioids as a home medication on the baseline assessment were not excluded.
	Oxycodone or hydrocodone

	Opioids prescription at ED discharge
	30 days

	If patient reported on day 3 and/or day 30 from the time of ED discharge:
1) self-escalation of dose (frequency/ amount) above the level that was prescribed;
2) use of their prescribed opioid for reasons other than pain;
or 3) obtaining prescription opioids without a physician prescription
	Back pain
	20
	9
	45.0%

	
	
	
	
	
	
	
	
	Extremity pain
	22
	9
	40.9%




eFigure 1. Subgroup meta-analysis stratified by study design of the proportion of patients with musculoskeletal pain experiencing serious adverse events after opioid administration during the emergency department visit.a. Randomised trials (n = 35)
b. Cohort studies (n = 7)
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