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Abstract

Background: Since the early 1990s, opioids have been used as a mainstay for pain management surrounding
fracture injuries. As opioid dependence has become a major public health issue, it is important to understand what
factors can leave patients vulnerable. The purpose of this study was to examine what risk factors, patient or injury
severity, contribute most to postoperative opioid dependence following surgical treatment of proximal humerus
fractures (PHFs).

Methods: A retrospective review of all patients who underwent an open reduction and internal fixation of PHF was
performed within a large multisite hospital system. Recorded variables included age, gender, ASA class, BMI, fracture
type, time to surgery, pre- and postoperative opioid prescriptions, physical and psychological comorbidities, smoking
status, and complications. Pre- and postoperative opioid dependence was defined as prescription opioid use in the 3
months leading up to or following surgery. Odds ratio calculations were performed for each variable, and a
multivariate logistic regression was used to compare all predictors.

Results: A total of 198 surgically treated PHFs were included in the cohort with an average age of 59.9 years.
Thirty-nine cases were determined to be preoperatively opioid dependent while 159 cases were preoperatively opioid
naïve. Preoperative opioid dependence was found to be a significant risk factor for postoperative narcotic dependence,
carrying a 2.42 times increased risk. (CI 1.07–5.48, p = 0.034). Fracture type was also found to be a risk factor
for postoperative dependence, with complex 3- and 4-part fracture patients being 1.93 times more likely to
be opioid dependent postoperatively compared to 2 part fractures (CI 1.010–3.764, p = 0.049). All other factors
were not found to have any significant influence on postoperative opioid dependence.

Conclusions: Our results demonstrate that the most important risk factors of postoperative opioid dependence
following proximal humerus fractures are preoperative dependence and fracture complexity. It is important for
orthopedic surgeons to ensure that patients who have more complex fractures or are preoperatively opioid
dependent receive adequate education on their increased risk and support to wean off of opioids following
surgery.

Level of evidence: III
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Background
Currently, approximately 115 Americans die every day
from an opioid overdose [1]. Over the last two decades,
the number of prescribed opioids, as well as the number
of deaths from opioids has increased five-fold [1]. Ortho-
pedic surgeons are the third highest prescribers of opi-
oids in the USA and the highest when compared to
other surgical subspecialties [2]. Because orthopedic
trauma and related procedures can be extremely painful,
patients have often been prescribed excessive opioid-
based medications following treatment as no particular
guidelines existed until recent legal and regulatory
changes have been implemented [3, 4]. Humeral frac-
tures can be very painful and most commonly, pain from
this type of fracture and subsequent surgery is managed
with opiate-based medications.
It has been well established that preoperative opioid

use has been associated with an increased risk of opi-
oid dependence, decreased clinical outcomes and
lower patient satisfaction in those undergoing ortho-
pedic surgery [5–14]. Specifically, for orthopedic
trauma patients research has found that prolonged
postoperative opioid use adversely affects patient-re-
ported outcomes and satisfaction [15, 16]. In addition
to preoperative opioid use, other risk factors for in-
creased risk of opioid abuse that have been reported
include psychopathology, history of substance abuse,
chronic pain, and family history of alcohol and sub-
stance abuse [17]. In other fields, screening tools have
been developed to aid in recognizing patients that
may be at higher risk for opioid abuse, but these are
lacking in orthopedic trauma patients [18]. A sur-
geon’s pre-treatment understanding of risk factors for

potential opioid misuse is essential to mitigating the
problems associated with these medications.
It is unknown whether type of fracture alone is a risk

factor, but orthopedic trauma patients have been shown
to experience post-traumatic stress syndrome, depres-
sion, and anxiety, which are all associated with increased
risk for opioid misuse, among other substances [17, 19,
20]. Rosenbloom et al. recently reported 35% rate of opi-
oid usage 4 months after surgery for orthopedic trauma
patients which was significantly higher than non-trauma
associated postsurgical patients (0.4–3.1%) [4, 21]. Re-
cent literature examining fracture morphology in animal
models has also suggested that higher pain is experi-
enced with more bone marrow exposure [22]. The pur-
pose of this study was to examine specific risk factors
including patient characteristics and fracture morph-
ology that may influence postoperative opioid depend-
ence in patients undergoing ORIF for proximal humerus
fractures. We hypothesized that preoperative opioid con-
sumption would be the strongest predictor of postopera-
tive opioid dependence as this is well established in the
literature (Fig. 1).

Methods
A retrospective review of patients who underwent
open reduction internal fixation of proximal humerus
fractures (PHF) was performed from 2012 to 2016 in
a multisite hospital system. Patients were identified
using CPT code 23615 (proximal humerus fracture
open reduction and internal fixation (ORIF)). Demo-
graphic data collected included age, gender, ASA
class, BMI, fracture type, smoking status, psycho-
logical, and physical comorbidities. Fractures were

Fig. 1 Opioid dependence compared from pre- to post-op
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classified based on the Neer classification system, and
the analysis was performed comparing the 2-part frac-
ture (Simple) group to the 3- and 4-part (complex)
fracture group [23]. Patients were categorized based
on ASA class (group 1 = class 1 and 2 and group 2 =
class 3 and 4) and obesity was defined as a BMI
greater than 30. Smoking status was divided based on
patients who had a history of smoking and patients
who never smoked. Psychological comorbidities were
defined as any recorded diagnosis that would be in-
cluded in the DSM-V [24]. Number of follow-up
visits and the amount of time between injury and sur-
gery was also recorded in days.
Opioid prescriptions were recorded for 6months prior to

and 1 year following surgery. All opioid prescriptions were
verified using state prescription drug monitoring websites
[25, 26]. For each prescription, the medication, dosage,
number of pills, and prescribed total morphine equivalents
were collected. For patients with multiple opioid prescrip-
tions, an average prescribed total morphine equivalent was
calculated. Preoperative and postoperative opioid depend-
ence was defined as continued prescriptions for at least 3
months prior to or following surgery. Total morphine
equivalents were compared and analyzed between the pre-
and postoperative groups at each time interval.
Descriptive statistics reported the effect of each

demographic variable on narcotic dependence. Statis-
tical analyses then compared preoperatively dependent
and naïve cohorts using t tests and chi-square test for
dependence rates and TMEs prescribed. A multivari-
ate logistic regression was performed to identify sig-
nificant risk factors and calculate postoperative odds
ratios for relative risk of dependence associated with
each factor. The primary outcome variable of the
model was postoperative opioid dependence. A suba-
nalysis of opioid-dependent patients’ prescription
TMEs and dependence rates was performed. All stat-
istical analyses were performed using SPSS Software
(IBM, Version 23).

Results
A total of 159 PHFs patients were included in the cohort,
with an average age of the 59.9 years and 115 females and
44 males included. Thirty-nine cases were determined to
be preoperatively opioid dependent (group 1) while 120
cases were preoperatively opioid naïve (group 2) with no
recorded opioid prescriptions in the 6months leading to
surgery. A total of 74 patients were postoperatively
dependent on opioids at 3months. There were no signifi-
cant differences in age, ASA class, BMI, or psychological
comorbidities between the two groups (Table 1). At
30 days postoperatively, 55% of the opioid naïve cohort
was able to wean off of opioids while 74% of the preopera-
tively opioid dependent cohort remained on opioids.
Preoperative opioid dependence was found to be a sta-

tistically significant risk factor for postoperative opioid
dependence, carrying a 2.42 times increased risk. (CI
1.07–5.48, p = 0.034). Of the preoperatively naïve group,
fracture type was also found to be a risk factor for post-
operative dependence, with complex 3- and 4-part
fracture patients being 1.93 times more likely to be opi-
oid-dependent postoperatively compared to 2-part frac-
tures (CI 1.01–3.76, p = 0.049). There was no influence
on postoperative opioid dependence for all other factors
in the model including smoking status, ASA class, BMI,
or comorbidity burden (Table 2).
Those patients that were preoperatively dependent re-

quired significantly higher (1.2 times) total morphine
equivalents postoperatively (p = 0.04). Preoperatively
dependent patients received prescriptions from their
orthopedic surgeon for a significantly longer period of
time, for an average of 80 days following surgery com-
pared to the narcotic naïve cohort who received narcotic
prescriptions for an average of 53 days (p = 0.03).

Discussion
Our results demonstrate that the strongest risk factor for
postoperative opioid dependence following a proximal hu-
merus fracture is preoperative opioid dependence which is

Table 1 Comparison of patient demographics in opioid-dependent and naïve groups

Demographics Opioid dependent n = 39 Opioid non-dependent n = 120 p value

Female gender 28 (72%) 87 (72.5%) 0.931

Psychological comorbidity 20 (51%) 39 (32%) 0.034*

Simple fractures 22 (56%) 72 (60%) 0.691

Mean comparisons between groups

Age 59.8 59.2 0.292

ASA class 2.64 2.44 0.093

BMI 29.82 27.39 0.14

Procedure time (min) 153.31 156.69 0.953

Time to surgery (days) 19.9 15.47 0.309

* denotes statistically significant differences between groups
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consistent with the orthopedic literature [6, 10, 11, 27]. In
addition, patients with preoperative opioid dependence
had higher rates of opioid usage after fracture fixation [28,
29]. In orthopedic trauma, studies have found that pa-
tients with preoperative opioid use are associated with
higher likelihood of prolonged postoperative opioid use
and higher rates of doctor shopping [9]. Orthopedic sur-
geons must educate these patients prior to fracture
fixation regarding their increased risks and support better
oversite and weaning of these opioid medications
postoperatively.
Another risk factor that was identified as an increased

risk for opioid dependence was fracture complexity, with
more complex fracture types there was nearly a doubled
risk of opioid dependence. Pain associated with fractures
in the upper extremity has been well documented, and
previous literature has found that higher pain levels are
associated with poorer clinical outcomes. Bone pain has
been studied extensively in all fracture types, and re-
search has shown that increased exposure of the perios-
teum and marrow cavity has been associated with
increased pain sensation [16, 22]. In addition, previous
studies have found that higher perceived pain levels are
associated with catastrophizing and this may be a con-
tributing factor to higher opioid use [30]. In this study,
our results suggest the increased bone marrow exposure
of more complex fractures is associated with higher opi-
oid use which may be explained by higher perceived
pain.
Surprisingly, there was no association between any

demographic variable, except for a slightly higher risk of
postoperative opioid dependence for smokers in this
population. Considering that a traumatic injury such as a
proximal humerus fracture is often the first interaction be-
tween an orthopedist and patient, understanding that all
patients are susceptible to opioid abuse is important to
screen appropriately. Surgeons can feel confident that the
majority of trauma patients do not start on opioid-based
medications until they suffer trauma, and other than pre-
operative use and fracture type there are no other demo-
graphic risk factors that surgeons should be screening for.
Using the risk factors for opioid dependence identified

through our study, future studies could develop risk
calculators to help guide surgeons to optimize pain
management postoperatively while mitigating risks of
dependence.
While this study provides some important insights into

the factors that influence postoperative opioid dependence
after PHFs, it is not without limitations. Specifically, our
opioid use data was collected from state-reported database
and prescription data, the premise of our conclusions was
based on the assumption that patients took their medica-
tions as prescribed. Although this may not always be the
case, this is the most accurate method available to track
opioid usage. In addition, while fractures were classified
based on morphology, no examination of other injuries
was included in this analysis which could have influenced
opioid usage. In addition, we do not have any correlation
to how opioid consumption affected outcomes following
surgery. Finally, we only included surgically treated prox-
imal humerus fractures, and the results cannot be extrapo-
lated to non-operative or patients treated with an
arthroplasty for their PHF. However, our goal was to focus
our study with a specific PHF population to allow the
most clear risk analysis of this population that could be
utilized in future risk screening tools for surgical patients
treated for a PHF.

Conclusions
Despite these limitations, some important conclusions
can be drawn from our results. Primarily, it is clear that
preoperatively narcotic-dependent patients with complex
fractures are at a higher risk postoperative dependence,
and if opioids are used, there needs to be an appropriate
plan to limit amounts and support a gradual weaning off
of these medications in the immediate postoperative
period. Preoperative risk assessments including prior
opioid use, fracture complexity, and smoking status may
help surgeons recognize patients at increased risk for
postoperative opioid dependence and support appropri-
ate postoperative weaning plans from opioids. Future
studies should focus on alternate non-opioid-based
treatment plans for pain management following surgical
treatment of PHF as well as how opioid dependence in-
fluences patient satisfaction and outcomes.
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