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Abstract
Purpose To determine the effect of the Orthopaedic Trauma Association (OTA) pain management guidelines for acute 
musculoskeletal injuries on opioid prescription sizes, pain control, and refills.
Methods A prospective cohort study was performed at an academic urban level 1 trauma center. 90 patients undergoing 
outpatient orthopaedic trauma surgery were enrolled before and after the implementation of the OTA pain management 
guidelines. Adherence to guidelines, pain visual analog scale, and refills were recorded postoperatively and at the 2- and 
6-week follow-up visit.
Results After implementation of the guidelines, the number of patients receiving oxycodone decreased from 100 to 27%, with 
these patients receiving the less potent hydrocodone, instead. The discharge morphine equivalent dose (MED) decreased from 
a median (interquartile range) of 225 (169–300) to 140 mg (140–210) (p < 0.001). More patients required refills in the guide-
lines group (42% vs. 20%), resulting in no difference in total MED prescribed (210 (140–280) vs. 225 (169–307)). Adherence 
to the guidelines occurred in 66% of patients. As-treated analysis of patients with adherent and non-adherent prescriptions 
found no detectable difference in pain control, number of opioid pills used, or refills at the 2-week and 6-week follow-up.
Conclusions In the midst of a national opioid crisis, adoption of the OTA’s pain management guidelines for orthopaedic 
trauma surgery warrants further research to determine if it’s implementation can reduce the size, variability, and duration 
of opioid prescriptions.
Level of evidence Level II, prospective cohort.

Keywords Opioids · Pain management guidelines · Orthopaedic trauma association · OTA · Opioid guidelines · Outpatient 
orthopaedic surgery

Introduction

The United States is currently facing an epidemic of opi-
oid overdose deaths, which have increased by more 200% 
since the year 2000 [1]. This epidemic has been fueled by 
prescription opioid pain medications—medications for 
which orthopaedic surgeons are responsible for prescribing 
a large proportion of in the United States [2]. In light of 
this, the adoption of pain guidelines that decreases opioid 
prescription sizes and durations is an important first step in 

combating the opioid crisis [2]. Multiple studies have shown 
that postoperative opioid prescriptions after orthopaedic 
surgeries are highly variable and often excessive [1, 3, 4]. 
Our department previously performed a review of our own 
opioid prescribing practices, and found that discharge opioid 
prescription varied widely among similar surgeries with lit-
tle difference between major and minor procedures [5]. The 
implementation of opioid prescribing guidelines has been 
shown to effectively standardize and reduce the volume of 
opioid prescriptions across multiple sub-specialties, however 
this data are currently lacking in the orthopaedic trauma 
literature [6, 7]. In 2019, an Orthopaedic Trauma Associa-
tion (OTA) multi-disciplinary task force developed pain 
management guidelines for acute musculoskeletal injuries 
[8]. The purpose of this study was to prospectively moni-
tor opioid prescriptions, pain control, and refills before and 
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after the implementation of these guidelines to determine if 
it successfully increased non-opioid prescriptions, decreased 
opioid prescription sizes, while not adversely affecting pain 
control or refill rates.

Materials and methods

After institutional review board approval, we prospectively 
enrolled consecutive consenting adult patients receiving 
outpatient orthopaedic trauma surgery over the course of 
4 months before and after our department’s implementation 
of the OTA’s pain management guidelines. Patients that were 
chronic daily users of opioids (including tramadol) and those 
with less than 6 weeks of follow-up were excluded from 
the study. After implementation, a clinical research assistant 
educated consenting patients on the guidelines (Table 1) and 
answered all questions that patients had regarding them.

All surgeries were classified as major or minor as deter-
mined by the OTA pain management guidelines [8]. Major 
surgeries including complex peri-articular fractures, long 
bone fractures, and extensive soft tissue procedures, while 
minor surgeries including simple articular fractures, small 
bone fractures, or minimal soft tissue procedures.

Patients were surveyed preoperatively, at 2-week follow-
up, and at 6-week follow-up. Preoperatively patients com-
pleted a survey including a pain visual analog score (VAS) 
and preoperative pain medication use. Patients were classi-
fied as either opioid naïve (no opioids in the last 6 months) or 
experienced (irregular opioid use during the last 6 months).

Postoperatively anesthetic blocks, discharge pain 
medication, and pain VAS were documented along with 

adherence of discharge prescriptions with the OTA guide-
lines. At the 2- and 6-week postoperative clinic visits, 
patients completed a survey that asked their pain VAS, if 
their pain had been controlled since surgery, if they were 
still using opioids, the number of opioids pills they had 
left, if they had required a refill, and the number of refills. 
The discharge morphine equivalent dose (MED), refill 
MED, and total MED prescribed were calculated.

A sample size calculation was performed based on our 
prior retrospective study [5]. To detect the observed differ-
ence of 130 MED in discharge prescriptions with a stand-
ard deviation of 200 MED for a two-sided test with an 
alpha level of 0.05 and a power of 0.8, 77 patients would 
be required. To account for a patient drop-out rate of 15%, 
we planned to enroll 90 patients.

Parametric and nonparametric statistical tests were 
used depending on the presence of non-normally dis-
tributed data as determined by the Shapiro-Wilks test. In 
this study, all continuous data collected were found to be 
non-normally distributed and is therefore presented as the 
median and interquartile range (IQR). Kruskal–Wallis test 
was used to compare nonparametric continuous variable 
data across groups. Wilcoxon Rank Sum test was used to 
compare nonparametric continuous data between specific 
groups. Fishers exact test was used to evaluate differences 
between categorical data. Variables associated with opioid 
refills at two weeks with a P-value less than 0.1 on univari-
ate analysis were included in a stepwise backward logistic 
regression analysis. A P-value less than 0.05 was con-
sidered statistically significant. All analyses were carried 
out using JMP Pro version 14 statistical software (SAS; 
Cary, NC).

Table 1  The Orthopaedic trauma association’s (OTA) pain management guidelines for major and minor surgeries

Bolded words signify differences between major and minor surgeries
(PRN pr re nata, “as needed”; TID ter in die, “three timer per day”; PO per oral, “by mouth”)

Status Major surgery Minor surgery

Post-discharge Oxycodone/acetaminophen (5 mg/325 mg) 1 tab po q 4 h 
PRN, #42 tabs

Hydrocodone/acetaminophen (5 mg/325 mg) 1 tab po q 6 h 
PRN, #28 tabs

Ibuprofen 600 mg po q 8 h × 7 d Ibuprofen 600 mg po q 8 h × 7 d
Gabapentin 100 mg po TID × 7 days Gabapentin 100 mg 1 tab po TID × 7 days
Scheduled acetaminophen 500 mg po q12 h × 4 weeks (can 

increase as combined opioid analgesic decreases)
Scheduled acetaminophen 1000 mg po q12 h × 3 weeks (can 

increase as combined opioid analgesic decreases)
Week 2 Refill opioid 1 tab po q 4 h PRN, #42 tabs Refill opioid 1 tab po q 8 h PRN, #21 tabs
Week 3 Refill opioid 1 tab po q 6 h PRN, #28 tabs Refill opioid 1 tab po q 12 h PRN, #14 tabs
Week 4 Refill opioid 1 tab po q 6 h PRN, #21 tabs No further opioid prescriptions

Ibuprofen and acetaminophen PRN as directed
Week 5 No further opioid prescriptions

Ibuprofen and acetaminophen PRN as directed
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Results

Group differences

45 patients were enrolled before and after the planned 
implementation of the OTA pain management guidelines. 
There were 4 patients from the pre-guidelines group that 
were lost to follow-up and were excluded, leaving 86 
patients for the analysis.

There were 12 major procedures, including open 
reduction and internal fixation (ORIF) of fractures of the 
calcaneus, humeral shaft, patella, tibial pilon, proximal 
humerus, and tibial plateau, quadricep tendon repair, and 
debridement of extensive soft-tissue lower extremity inju-
ries/infections. There were 74 minor procedures included 
ORIF of fractures of the ankle, olecranon, tarsals, metatar-
sals, radius, and ulnar shaft fractures, debridement of lim-
ited soft-tissue injuries/infections, and implant removals.

The was no detectable difference between pre-guide-
lines and guidelines groups in terms of age, gender, ASA 
score, preoperative pain scores, surgical severity, prior 
opioid exposure, marijuana use, or perioperative anesthetic 
block (Table 2).

After implementation of the guidelines the use of non-
opioid pain medications increased, including NSAIDs, 

acetaminophen, and gabapentin, while the number of 
patients receiving oxycodone decreased from 100 to 27%, 
with patients receiving the less potent opioid hydroco-
done instead (Table 2). The guidelines groups had a lower 
median (interquartile range) discharge MED (140  mg 
(140–210) vs. 225  mg (169–300) (p < 0.001)), more 
patients requiring refills by two weeks (42% vs. 20%), but 
no difference in refill MED or total MED (discharge + refill 
MED).

On review of discharge prescriptions only 30 (66%) of 
the 45 patients were given prescriptions that were adherent 
to the guidelines. Due to the 44% lack of adherence and the 
similar refill and total MED between groups, an as-treated 
analysis of patients given prescriptions adherent and non-
adherent to the guidelines was performed (Table 3). The 
adherent and non-adherent groups had no detectable differ-
ence in pain VAS, pain control, opioid use, or refills at the 
two- and six-week follow-up.

Variables associated with opioid refill prescriptions 
at 2 weeks

Variables associated with opioid refill on univariate 
analysis included opioid experienced hosts, increased 
preoperative pain VAS, receiving an anesthetic block, 
and not receiving an oxycodone prescription (Table 4). 

Table 2  Comparison of patients treated before and after the adoption of the pain management guidelines

All continuous variables are presented as median (interquartile range)
CI confidence interval, ASA American society of anesthesiologists score, VAS visual analog scale, MED morphine equivalent dose, NSAIDs non-
steroidal anti-inflammatory drugs
P-values less than 0.05 were considered statistically significant

Pre-Guidelines group 
(n = 41)

Guidelines group (n = 45) Difference, 95% CI P-value

Age 34 (27–48) 40 (30–55) 4, − 2 to 10 0.1
Male gender 27 (66%) 25 (56%) − 10%, − 30 to 10% 0.3
ASA > 1 34 (83%) 38 (84%) 1%, − 14 to 17% 1
Major surgical class 6 (13%) 6 (15%) 1%, − 14 to 16% 1
Opioid experienced 24 (59%) 25 (56%) − 3%, − 23 to 18% 0.8
Pre-Op VAS 5 (2–7) 4 (2–7) 0, − 1 to 1 0.7
Pre-Op daily MED in the opioid expe-

rienced
30 (25–45) 30 (20–30) 0, − 15 to 0 0.2

Anesthetic block 39 (87%) 35 (85%) − 1%, − 16 to 14% 1
Oxycodone prescribed 41 (100%) 11 (27%) − 73%, − 84 to − 55%  < 0.001
NSAIDs prescribed 15 (38%) 35 (80%) 42%, 21–59%  < 0.001
Gabapentin prescribed 1 (2%) 30 (67%) 64%, 46–76%  < 0.001
Discharge MED 225 (169–300) 140 (140 to 210) − 60, − 85 to − 15  < 0.001
Refill at 2 weeks 8 (20%) 19 (42%) − 22%, − 40 to − 3% 0.03
Refill at 6 weeks 1 (2%) 1 (2%) 0%, − 9 to 8% 1.0
Refill MED 150 (126–221) 105 (105 to 145) − 25, − 105 to 15 0.1
Total MED (Discharge + Refills) 225 (169–307) 210 (140 to 280) − 20, − 85 to 20 0.1
Adherence to guidelines 0 (0%) 30 (67%) − 67%, − 78 to − 49%  < 0.0001
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On multivariate analysis, variables remaining signifi-
cantly associated with refills included opioid experienced 
hosts (Odds ratio (OR) 4.1, 95% confidence interval (CI) 
1.1–15; p = 0.03), preoperative pain VAS (OR 1.5 per unit 
increase, CI 1.2–1.9; p = 0.0006), and not receiving an 
oxycodone prescription (OR 0.2, CI 0.07–0.7).

Discussion

In this study we found that the implementation of the 
OTA pain management guidelines was associated with a 
decrease in discharge MED but not in total MED due to the 
higher number of refills in the guidelines group. However, 

Table 3  As-treated analysis 
at 2- and 6-week follow-up 
comparing patients given 
prescriptions that were non-
adherent or adherent to the pain 
management guidelines

All continuous variables are presented as median (interquartile range)
CI confidence interval, ASA American society of anesthesiologists score, VAS visual analog scale, MED 
morphine equivalent dose, NSAIDs non-steroidal anti-inflammatory drugs
P-values less than 0.05 were considered statistically significant

Non-adherent 
group (n = 56)

Adherent group (n = 30) Difference, 95% CI P-value

2-week follow-up
  Pain VAS 3 (1–5) 3 (2–4) 0, − 1 to 1 0.6
  Pain controlled since surgery? 38 (69%) 21 (78%) − 9%, − 27 to 12% 0.4
  Taking opioids? 51 (93%) 24 (89%) 4%, − 10 to 20% 0.6
  # Opioids left 4 (0 to 10) 6 (0–11) 0, − 2 to 3 0.8
  Refill? 15 (27%) 12 (40%) − 13%, − 34 to 8% 0.2
  Refill MED 135 (105–210) 105 (105–140) − 10, − 70 to 15 0.2

6 week follow-up
  Pain VAS 3 (1–5) 3 (1–4) 0, − 1 to 1 0.4
  Pain controlled since surgery? 42 (79%) 20 (80%) − 1%, − 18 to 19% 8
  Taking opioids 7 (13%) 4 (17%) − 3%, − 22 to 13% 0.7
  # Opioids left 1 (0–8) 0 (0–7) 0, − 2 to 0 0.4
  Refill? 2 (4%) 0 (0%) 4%, − 8 to 11% 1
  Refill MED 187 (150–225)

Table 4  Analysis of variables associated with opioid refill within 2 weeks of surgery

All continuous variables are presented as median (interquartile range)
CI confidence interval; ASA American society of anesthesiologists score; VAS visual analog scale; MED morphine equivalent dose; NSAIDs non-
steroidal anti-inflammatory drugs, NS not significant on multivariate analysis
P-values less than 0.05 were considered statistically significant

Refill (n = 27) No refill (n = 59) Difference, 95% CI Univariate 
P-value

Multivariate 
P-value

Multivariate 
Odds ratio, 95% 
CI

Age 36 (32–57) 38 (27–48) − 3, − 10 to 4 0.3
Male gender 14 (54%) 34 (62%) − 7, − 29 to 15% 0.6
Adherent to pain guidelines 12 (44%) 18 (31%) 14%, − 8 to 35% 0.2
Major surgical class 4 (15%) 8 (14%) 1%, − 13 to 19% 1
Opioid experienced 20 (74%) 29 (49%) 25%, 3–44% 0.03 0.03 4.1 (1.1–15)
Pre-Op VAS 6 (5–8) 3 (1–6) 3, 1–4 0.003 0.0006 1.5 (1.2–1.9)
Anesthetic block 27 (100%) 47 (80%) 20%, 5–30% 0.01 NS
ASA > 1 24 (89%) 48 (81%) 8%, − 10 to 22% 0.5
Oxycodone prescribed (vs. 

Hydrocodone)
12 (46%) 40 (71%) − 25%, − 46 to − 2% 0.04 0.01 0.2 (0.07–0.7)

Discharge MED 145 (140–229) 187 (140–225) 0, − 15 to 47 0.7
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on as-treated analysis, patients with prescriptions adher-
ent to the guidelines did not have detectable differences in 
pain control, opioid use, or refills at 2 or 6 weeks, although 
the sample sizes were small so clinical difference can-
not be ruled out. On multivariate analysis, opioid refill 
within 2 weeks of surgery was only associated with opioid 
experienced hosts, preoperative VAS, and not receiving an 
oxycodone prescription.

Previously, a retrospective review of our departments 
postoperative opioid prescribing practices found a wide 
variation in opioid prescription sizes for similar surgeries 
with little differentiation between major and minor surger-
ies with many patients receiving opioid prescriptions that 
were considered inappropriately large (> 400 MED) [5]. 
These finding prompted our department to adopt the OTA’s 
pain management guidelines in order to become better stew-
ards of opioid prescriptions. There is currently limited data 
on the implementation of pain management guidelines in 
orthopaedic trauma surgery. In total joint arthroplasty lit-
erature it has been well established that such guidelines 
can decrease postoperative opioid prescriptions resulting 
in less unused opioids without negatively impacting pain 
control. The orthopaedic trauma population does have inher-
ent differences with the total joint arthroplasty population, 
including a higher proportion of patients with disadvantaged 
socioeconomic status, psychiatric disorders, and drug abuse, 
therefore guidelines may have less success in this popula-
tion [9–12]. The effect of the OTA multi-specialty task 
force pain management guidelines on clinical practice, to 
our knowledge, has not been investigated to date. Similar to 
the findings of implementing pain management guidelines in 
arthroplasty surgery, we found that the discharge MED was 
reduced with no detectable difference in measures of pain 
control or refills (on the as-treated analysis) at 2- or 6-week 
follow-up [13, 14].

The strengths of this study lie in its prospectively gath-
ered data on pain control and opioid medication. This study 
is limited by its small size, heterogeneous surgeries, non-
adherence, and short follow-up. Only 30 (66%) of the 45 
patients in the guidelines group were given prescriptions that 
were adherent to the guidelines. This reflects the difficul-
ties of implementing opioid guidelines in a busy academic 
trauma practice where postoperative prescriptions are exe-
cuted by resident physicians. Due to this low adherence rate 
we performed an as-treated analysis to evaluate the effect of 
the guidelines on pain control and refills at the 2-week and 
6-week follow-up visits and did not find any detectable dif-
ference between groups.

Another limitation is that while patients were asked if 
they were still using opioid medications and the number of 
tabs they had remaining, the same was not done for the non-
opioid medications, so it is unknown whether patients actu-
ally were compliant with these medications. Also, a longer 

period of follow-up and a greater number of patients would 
be necessary to determine if these guidelines had an effect 
on chronic opioid use. A sample size estimation based on 
the incidence of continued opioid use at 6 weeks between 
groups (17% vs. 13%) determined that 2500 patients would 
be necessary to determine a significant difference in opioid 
use at 6 weeks with a power of 0.8 and an alpha of 0.05 on 
two-tailed analysis.

One limitation of pain management guidelines that con-
sider medications only, is the lack of consideration of con-
current psychological issues. The presence of psychiatric 
disorders or increased psychological stress scores has been 
shown to affect pain, opioid use, and disability after trauma 
[15, 16]. Future guidelines may benefit from standardized 
screening of patients and treatment of concomitant psycho-
logical disorders. Our department is currently investigating 
this to hope to improve on our current pain guidelines.

Implementation of the OTA pain management guide-
lines for outpatient orthopaedic trauma surgeries predict-
ably increased the prescribing of non-opioid pain medica-
tions, decreased oxycodone prescriptions, and the discharge 
MED of opioid prescriptions without appearing to affect 
pain control. A larger study with greater adherence to the 
guidelines is necessary to further evaluate these findings. In 
the midst of a national opioid crisis, adoption of the OTA’s 
pain management guidelines for orthopaedic trauma surgery 
warrants further research to determine if it’s implementa-
tion can reduce the size, variability, and duration of opioid 
prescriptions.
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