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Background: The extent of variation in analgesic prescribing following musculoskeletal injury among countries and
cultural contexts is poorly understood. Such an understanding can inform both domestic prescribing and future policy. The
aim of our survey study was to evaluate how opioid prescribing by orthopaedic residents varies by geographic context.

Methods: Orthopaedic residents in 3 countries in which residents are the primary prescribers of postoperative analgesia
in academic medical centers (Haiti, the Netherlands, and the U.S.) responded to surveys utilizing vignette-based mus-
culoskeletal trauma case scenarios. The residents chose which medications they would prescribe for post-discharge
analgesia. We standardized opioid prescriptions in the surveys by conversion to morphine milligram equivalents (MMEs).
We then constructed multivariable regressions with generalized estimating equations to describe differences in opiate
prescription according to country, the resident’s sex and training year, and the injury site and age in the test cases.

Results: U.S. residents prescribed significantly more total MMEs per case (mean [95% confidence interval] = 383 [331 to
435]) compared with residents from the Netherlands (229 [160 to 297]) and from Haiti (101 [52 to 150]) both overall (p <
0.0001) and for patients treated for injuries of the femur (452 [385 to 520], 315 [216 to 414], and 103 [37 to 169] in the U.S.,
the Netherlands, and Haiti, respectively), tibial plateau (459 [388 to 531], 280 [196 to 365], and 114 [46 to 183]), tibial shaft
(440 [380 to 500], 294 [205 to 383], and 141 [44 to 239]), wrist (239 [194 to 284], 78 [36 to 119], and 63 [30 to 95]), and
ankle (331 [270 to 393], 190 [100 to 280], and 85 [42 to 128]) (p = 0.0272). U.S. residents prescribed significantly more
MMEs for patients <40 years old (432 [374 to 490]) than for those >70 years old (327 [270 to 384]) (p = 0.0019).

Conclusions: Our results demonstrate greater prescribing of postoperative opioids at discharge in the U.S. compared
with 2 other countries, 1 low-income and 1 high-income. Our findings highlight the high U.S. reliance on opioid prescribing
for postoperative pain control after orthopaedic trauma.

Clinical Relevance: Our findings point toward a need for careful reassessment of current opioid prescribing habits in the
U.S. and demand reflection on how we can maximize effectiveness in pain management protocols and reduce provider
contributions to the ongoing opioid crisis.

M
usculoskeletal injuries are responsible for a large
global burden of preventable injuries, disability, and
death1,2. In the U.S., opioid prescribing for such

conditions is currently considered problematic and appears to
be a major factor contributing to what is considered an opioid
epidemic by bodies such as the Centers for Disease Control and
Prevention (CDC)3-5.

Over the past 20 years, U.S. opioid prescriptions and
opioid-related deaths have increased greatly5. U.S. physicians
and policymakers have attempted to address the opioid crisis
by curtailing the frequency and quantity of opioid prescrip-
tions5,6. Understanding the variation that exists across countries
and cultures can help inform prescribing and domestic policy.
While musculoskeletal injuries occur globally, the extent of
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variation in analgesic prescribing among countries for similar
injuries remains poorly understood7. Although there have been
several international studies of opioid prescribing practices in
the Dominican Republic, the Netherlands, and China, these
studies have been qualitative or retrospective, or have not ad-
dressed opioid prescribing after operative management7-9. We
are aware of only a single quantitative comparative study of
international postoperative opioid prescribing, which com-
pared the U.S. and the Netherlands10.

We employed surveys to explore how opioid prescribing,
in terms of total quantity and duration, at discharge after
orthopaedic trauma surgery varies by national context. We
used a vignette-based design because it has lower social desir-
ability bias, allows greater variable manipulation, and has
greater hypothesized construct validity and reliability11. The
study purpose was to improve orthopaedic trauma care by
providing the groundwork for pain management practices.
This study represents the first quantitative analysis comparing
opioid use between high and low-income countries to con-
textualize U.S. prescribing practices.

Materials and Methods

This survey study was approved by the Brigham and
Women’s Hospital institutional review board.

Setting
Orthopaedic residents at 9 academic residency programs across
3 countries (the U.S., the Netherlands, and Haiti) were sur-
veyed, between April and November 2017, utilizing a set of
vignettes summarizing 10 musculoskeletal trauma case sce-
narios. Of the 10 patients described in the vignettes, 5 were
men and 5 were women, 5 were <45 years old and 5 were >70
years old, and 2 each described trauma to the ankle, femur,
wrist, tibial shaft, and tibial plateau. Respondents were asked to
indicate the type of drug, dose (mg), number of tablets, and
duration (days) that they would prescribe as a postoperative
discharge pain regimen in each of the 10 cases. The solicited
responses were for prescriptions for the initial episode of care;
refill requests were not evaluated.

The vignettes were translated from English into French
for the residents in Haiti and Dutch for those in the Nether-
lands and were back-translated for quality control by native
language speakers. Surveys were administered electronically
using the Qualtrics survey tool in the U.S. and the Netherlands
(Qualtrics.com). Pen-and-paper surveys were distributed in
Haiti at a national orthopaedic continuing medical education
(CME) conference with representation from all 3 Haitian
orthopaedic residencies.

Participants
Our study population consisted of orthopaedic resident phy-
sicians in the countries of interest. In all centers surveyed,
residents were the primary prescribers of postoperative anal-
gesics, and they decided on the medication type, dose, fre-
quency, and duration after surgery. We included all residents
who had responded to the questions about what they would

prescribe for at least 1 of the vignette cases and who had
completed the demographic information. We excluded responses
that were incomplete or could not be interpreted.

U.S. and Dutch respondents indicated their choice of
‡1 of the following medications for each case: Tylenol (para-
cetamol), ibuprofen, acetaminophen with codeine #3, trama-
dol, oxycodone, or hydromorphone, or chose “no medication”
(see Appendix 1). Because of differences in medications avail-
able in Haiti, case medications were modified in conjunction
with a native Haitian physician. Acetaminophen with codeine
#3 was changed to codeine, ibuprofen was changed to diclo-
fenac, and Tylenol (paracetamol) was changed to paracetamol.
Opioid prescriptions in the surveys were standardized across
countries by conversion into morphine milligram equivalents
(MMEs)12. MMEs prescribed per case, MMEs prescribed per
day, and total duration of opioid prescriptionwere then derived
from the responses.

Statistical Analysis
We described the characteristics of the residents and vignette
cases using means and percentages. We performed multivari-
able regressions with generalized estimating equations (GEEs)
with compound symmetry working correlation to examine the
relationship between opiate prescription and (1) country, (2)
resident’s sex, (3) resident’s training year, (4) test case age, and
(5) test case site of injury. We also examined the interaction
effect between country and (1) age and (2) injury site on total
opiates prescribed. We included all variables with a p value of
<0.05, including the interaction effects in the multivariable
GEE regression. Study sample sizes were determined by feasi-
bility and the maximum number of responses obtainable.
Given that our analysis was exploratory in nature, no adjust-
ment for multiple comparisons was performed. Variables that
were not significant in the multivariable model were removed
from the final model. We used SAS statistical software (SAS
Institute) for all analyses.

Results
Study Sample

Table I presents demographic characteristics of the study
participants. In total, 139 residents participated in the

study. Eighty-five (61%) were from the U.S., 30 (22%) were
Dutch, and 24 (17%) were Haitian. Seventy-four (87%) of the
U.S. residents, 15 (50%) of the Dutch respondents, and 21
(91%) of the Haitian respondents were male. Fifteen (18%) of
the U.S. residents were in the first year of their residency; 19
(22%), in the second; 19 (22%), in the third; 11 (13%), in the
fourth; and 21 (25%), in the fifth. Four (33%) of the Dutch
respondents were in the first year of their residency; 6 (50%), in
the second; 1 (8%), in the third; and 1 (8%), in the fourth. Six
(30%) of the Haitian respondents were in the first year of their
residency; 1 (5%), in the second; 10 (50%), in the third; and 3
(15%), in the fourth. Response rates were 67% of 85 (U.S.),
50% of 30 (Netherlands), and 79% of 24 (Haiti). In addition to
the 30 Dutch residents, 7 Dutch non-residents responded to
the survey but were excluded from the analyses. Given concern
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that limited resources may hamper prescribing patterns in a
low-resource setting, at the end of the survey we asked Haitian
respondents whether they felt that the pain medications and
dosing prescribed were adequate for post-discharge pain con-
trol; 11 of the 15 Haitian respondents who answered this
question stated that they did.

Opioid Use Data
Bivariate Analyses
Opioid selection by the survey respondents is presented in
Figure 1, stratified by injury site (ankle, femur, wrist, tibial
shaft, and tibial plateau). Oxycodone was the opioid of choice
in the U.S. and the Netherlands, whereas tramadol was in Haiti.

Bivariate analyses of total MMEs prescribed per case re-
vealed significant differences among countries (mean number of
MMEs [95% confidence interval] = 383 [331 to 435] for the
U.S., 229 [160 to 297] for the Netherlands, and 101 [52 to 150]
for Haiti; p < 0.0001), between patient age groups (<40 years:
326 [278 to 374] and >70 years: 267 [226 to 308]; p = 0.0018),
and according to injury site (tibial plateau: 358 [303 to 412],
femur: 357 [304 to 411], tibial shaft: 354 [304 to 404], ankle: 257
[211 to 303], and wrist: 175 [142 to 207]; p < 0.0001) (Table II).

We found a significant interaction between patient age
and country of prescriber for total MMEs prescribed (p =
0.0019), driven by increased opioid prescriptions by U.S.
prescribers for patients <40 years of age (mean number of
MMEs [95% confidence interval] U.S.: 432 [374 to 490],
Netherlands: 227 [138 to 315], and Haiti: 88 [40 to 136])
compared with those >70 years of age (U.S.: 327 [270 to
384], Netherlands: 230 [176 to 285], and Haiti: 114 [54 to
174]) (Fig. 2). Similarly, the interaction between injury site

Fig. 1

Percentages of respondents in each country prescribing each opioid.

TABLE I Descriptive Statistics of Survey Respondents

No. (%)

U.S. Netherlands*† Haiti†‡

Sex

Male 74 (87%) 19 (51%)
15 (50%)

21 (91%)

Female 11 (13%) 18 (49%)
15 (50%)

2 (9%)

Resident

Yes 85 (100%) 30 (81%) 24 (100%)

No 7 (19%)

Full response
to ‡1 case

Yes 57 (67%) 19 (51%)
15 (50%)

19 (79%)

No 28 (33%) 18 (49%)
15 (50%)

5 (21%)

Training year

1 15 (18%) 5 (31%)
4 (33%)

6 (30%)

2 19 (22%) 6 (38%)
6 (50%)

1 (5%)

3 19 (22%) 1 (6%)
1 (8%)

10 (50%)

4 11 (13%) 1 (6%)
1 (8%)

3 (15%)

5 21 (25%) 2 (13%)

6 1 (6%)

*The values for the residents only in the Netherlands are in bold. †The total
number for training years differs from the total number of residents because of non-
response. ‡The total number for sex differs from the total numbers of residents
because of non-response.
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and country of prescriber was also significant (p = 0.0272),
with U.S. residents prescribing more MMEs overall than
residents from the Netherlands or Haiti and Dutch residents
prescribing more than Haitian residents for all injury
sites—i.e., the femur (U.S.: 452 [385 to 520], Netherlands:
315 [216 to 414], and Haiti: 103 [37 to 169]), tibial plateau
(U.S.: 459 [388 to 531], Netherlands: 280 [196 to 365], and
Haiti: 114 [46 to 183]), tibial shaft (U.S.: 440 [380 to 500],
Netherlands: 294 [205 to 383], and Haiti: 141 [44 to 239]), wrist
(U.S.: 239 [194 to 284], Netherlands: 78 [36 to 119], and Haiti:
63 [30 to 95]), and ankle (U.S.: 331 [270 to 393], Netherlands:
190 [100 to 280], and Haiti: 85 [42 to 128]) (Fig. 3).

Multivariable Analyses
We constructed multivariable models and found that injury
site (p < 0.0001), country (p < 0.0001), and the interaction
between patient age and country (p = 0.0015) were signifi-
cantly associated with total MMEs prescribed (Table III).
Training year was no longer significant in our final model
and was excluded from the subsequent analyses. The re-
sulting estimates for the mean number of total MMEs (95%
confidence interval) prescribed by injury site were 112 (84 to
141) for wrist injuries, 193 (154 to 232) for ankle injuries,
291 (246 to 336) for tibial shaft injuries, 297 (251 to 342) for
tibial plateau injuries, and 298 (253 to 342) for femoral
injuries after accounting for other variables in the model.
The mean total number of MMEs prescribed for patients
>70 years old was lowest in Haiti (116 [56 to 176]), with
higher values in the Netherlands (230 [175 to 285]) and U.S.
(326 [270 to 383]). Similar results were found for patients
<40 years of age, with a mean total number of MMEs of

Fig. 2

Mean total opioid prescription stratified by country and patient age. Our findings indicate a large difference in opioid prescribing based on patient age in the

U.S., while prescription levels in Haiti and the Netherlands varied to a lesser degree on the basis of patient age. The I bars indicate the standard deviation.

TABLE II Bivariate Analyses of Total MMEs Prescribed

Total MMEs

Mean
(Standard
Deviation)

95%
Confidence
Interval P Value

Country <0.0001

U.S. 383 (27) 331-435

Netherlands 229 (35) 160-297

Haiti 101 (25) 52-150

Sex 0.8727

Female 291 (53) 186-395

Male 300 (23) 255-345

Training year 0.0221

1 292 (60) 174-411

2 341 (43) 256-425

3 216 (28) 162-270

4 263 (40) 186-341

‡5 466 (67) 336-597

Age 0.0018

<40 yr 326 (25) 278-374

>70 yr 267 (21) 226-308

Injury site <0.0001

Ankle 257 (23) 211-303

Femur 357 (27) 304-411

Wrist 175 (17) 142-207

Tibial shaft 354 (26) 304-404

Tibial plateau 358 (28) 303-412
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88 (40 to 136) in Haiti, 234 (147 to 321) in the Netherlands,
and 435 (377 to 493) in the U.S.

In addition to total MMEs, we also analyzed MMEs
prescribed per day, opioid prescription duration, and likeli-
hood of opioid prescription. Bivariate and multivariable
analyses of MMEs prescribed per day and prescription duration
demonstrated similar results to those performed for total MME
prescription (see Appendices 2 through 6).

Discussion

Knowing how opioid prescribing varies among countries
can help inform approaches to address the current U.S.

opioid epidemic, but this variation remains poorly under-
stood7. Our survey study evaluated how opioid prescription
quantity and duration varied by national context in the setting
of orthopaedic surgery postgraduate training.

We demonstrated a clinically meaningful difference
between the U.S. and the Netherlands and Haiti in essentially
all analyses performed. U.S. residents, compared with Dutch
and Haitian residents, were more likely to prescribe opioids,
prescribe more opioids per day, prescribe more total opioids
for a given injury, and prescribe opioids for a longer duration.

The preponderance of opioids prescribed by U.S.
residents suggests a heavy reliance on opioids for postop-
erative pain management compared with other countries.
Prior work has demonstrated that filled opioid prescriptions
for analgesia after low-risk surgical procedures significantly
increased between 2004 and 2012, driven by an increase in
prescribed MMEs/day13. Investigators examining orthopae-
dic pain management in the Dominican Republic revealed
that patients relied on multiple analgesic modalities, ranging
from nonsteroidal anti-inflammatory drugs (NSAIDs) to non-
pharmacologic management14, suggesting that cultural differ-
ences may also account for different patient expectations for
pharmacologic pain management. Furthermore, recent work
from the Netherlands and Canada demonstrated non-inferiority
of non-opioid treatment for postoperative pain control in adult
and pediatric populations15,16. There has also been increasing
evidence for the role of mental health factors in patient

TABLE III Least Square Means for Total MME Prescription
from the Multivariable Model with GEEs

Effects
MME Estimate (95%
Confidence Interval) P Value

Main

Injury site <0.0001

Ankle 193 (154-232)

Femur 298 (253-342)

Tibial plateau 297 (251-342)

Tibial shaft 291 (246-336)

Wrist 112 (84-141)

Interaction

Patient age · country 0.0015

>70 yr old · Haiti 116 (56-176)

>70 yr old · Netherlands 230 (175-285)

>70 yr old · U.S. 326 (270-383)

<40 yr old · Haiti 88 (40-136)

<40 yr old · Netherlands 234 (147-321)

<40 yr old · U.S. 435 (377-493)

Fig. 3

Mean total opioid prescription stratified by country and injury site. Our findings indicate that residents in the U.S. are prescribing opioids at consistently

higher levels than those in the Netherlands and Haiti. Residents in the Netherlands prescribed consistently higher levels of opioids than residents in Haiti

except for cases of wrist injury. The I bars indicate the standard deviation.
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perception and self-modulation of pain17-20. Further research
is required to explore how non-pharmacologic techniques of
pain management as well as patient expectation management
are employed in different contexts and how such differences
might inform domestic opioid prescribing practices. In total,
these findings suggest that, within the U.S., NSAIDs and other
alternatives to opioids may hold potential in postoperative
analgesia.

We also found that U.S. residents prescribed opioids for a
significantly greater duration compared with those from the
Netherlands or Haiti (see Appendices 2 and 6). This difference
may be driven by cultural factors, past practices, and biases
influencing opioid use in these countries relative to the U.S.21,22,
greater opioid prescribing in the U.S., and limited access to
opioids in Haiti. Reasons for the third possibility are not fully
understood but may relate to higher costs of opioids in Haiti
than in developed countries, possible restrictions from gov-
ernment regulation21, or simply subjective norms in prescriber
training. At least for low-risk operations, the duration of U.S.
opioid prescriptions has remained stable since 2004, with the
rise in opioid use due largely to increases in mean daily doses
over the past decade13. This finding suggests that rising opioid
consumption in the U.S. has not been greatly influenced by
prescription duration. It remains unclear to what extent new
federal and state legislation limiting opioid prescription dura-
tion will impact these trends in the coming years.

Differences in opioid prescriptions between U.S. and
Dutch prescribers may be due in part to several causes, such as a
cultural norm of low opioid prescribing8,23. Differences in
reimbursement models may also limit opioid prescribing, as the
Dutch capitated system limits “doctor shopping,” perhaps al-
lowing Dutch physicians to be stricter with opioid prescrip-
tions23. Another hypothesis relates to differences in advertising,
as opioid advertising is heavily curtailed in the Netherlands24,
whereas aggressive pharmaceutical advertising in the U.S. has
been posited as a potential contributor to the opioid epidemic25.
Differences in analgesia training for residents may also con-
tribute, although prior work indicates little training is provided
to residents in either country26-28. Another potential contributing
factor may be differences between Dutch and U.S. pain proto-
cols, although this hypothesis remains subject to debate as no
prior systematic comparison has been identified in the literature
and Dutch protocols have been found to vary widely29.

Recent work demonstrated that U.S. patients received
opioids for musculoskeletal trauma at a higher rate than Dutch
patients while they were inpatients and at the time of dis-
charge22. The latter finding suggests that a potential way to
improve the practice of U.S. postoperative pain management
may be by reducing opioid prescriptions at hospital discharge
and considering using more non-opioid modalities postoper-
atively to manage pain.

When the patients were stratified by age, it was found
that only residents from the U.S. prescribed significantly more
MMEs/day and MMEs in total for younger patients (<40
years) than for older patients (>70) (Fig. 2 and Appendix 4
[Figs. 1 and 2]). The duration of opioid prescription did not

differ significantly between the 2 age groups. It may be that
lower doses are prescribed to elderly patients out of concern
about adverse events in that population, such as increased risk
for chronic opioid use or delirium postoperatively30. However,
U.S. prescribers may inadvertently be placing younger
patients at greater risk for long-term use. Higher opioid doses
have previously been associated with a dose-dependent
increase in the risk of various postoperative complications31

and have been shown to increase the risk of overdose death
for all opioid users, including those taking opioids for acute
or postoperative pain32. It remains unclear whether patient
perception of pain objectively differs by age or if it justifies
increased prescribing for younger patients.

Limitations
This study has several limitations. First, while we sought to
characterize real prescription trends in pain management, our
surveys only approximate actual prescription data. As we did not
include patient-reported pain scores in our survey vignettes, we
cannot conclude if trends described in this study are accurately
reflected in clinical practice. However, we believe that, because
we provided standardized cases to all survey participants, the
differences observed in our comparisons among countries
remain valid. Second, our comparison between the U.S. and a
low-income country (Haiti) poses data interpretation chal-
lenges, given problems with resource availability in Haiti and
differences in clinical training33. However, as the comparisons
between the U.S. and Netherlands indicate, the large differences
in opioid prescribing are not simply a reflection of low versus
high-resource settings or opioid availability. Interestingly, the
majority (73%) of the 15 responding Haitian orthopaedic resi-
dents indicated that they believed that their prescriptions were
sufficient, suggesting that differences between Haiti and the U.S.
cannot be attributed to resource limitations in Haiti alone.
Third, our survey response rates ranged from 50% to 79%
among the countries surveyed, raising the possibility of non-
response bias. Fourth, we surveyed only a subset of residents in
each country, with a preponderance of responses from the U.S.
This discrepancy occurred because there are far fewer ortho-
paedic residents in Haiti or the Netherlands as compared with
the U.S., limiting our obtainable sample size. While differences
in sample sizes might accentuate differential compositions of
each country’s orthopaedic residents and thereby potentially
contribute to bias, multivariable analyses did not show any
resident demographic except nationality to significantly con-
tribute to differential opioid prescriptions (Table III). Finally,
our study focused only on prescribing by residents and not by
attending physicians, as the former provide the majority of pain
management prescriptions in academic medical centers34. We
believe that focusing on resident prescribing accurately captures
opioid prescribing patterns as occurs in clinical practice, and this
is supported by the literature27.

Conclusions
In summary, this study provides insight into cross-cultural
opioid prescribing patterns for analgesia after orthopaedic
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trauma surgery. We found that U.S. resident physicians pre-
scribe opioids more frequently, more opioids per day, andmore
total MMEs for a given injury and prescribe them for longer
durations than Dutch or Haitian residents. These findings
strongly suggest a potential overreliance on opioids for post-
operative analgesia in the U.S. Such findings point toward a
need for careful reassessment of current opioid prescribing
habits in the U.S. and demand reflection on how we can
maximize effectiveness in pain management protocols and
reduce provider contributions to the ongoing opioid crisis.
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with the online version of this article as a data supplement
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