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Background: Considering that the United States is facing a crisis with opioid misuse and orthopedists
are the third largest provider of these prescriptions, it is important to delineate risk factors associated
with use and dependence. Our purpose was to identify risk factors for and patient characteristics of
increased opioid use and postoperative opioid dependence in total shoulder arthroplasty (TSA) patients.
Methods: This was a retrospective study of 752 TSA patients who underwent surgery in 1 health care
system from 2012-2016. Recorded variables included demographics and opioid prescriptions from pre-
scription drug monitoring programs. Preoperative and postoperative opioid dependence was defined as
continuous opioid prescriptions for at least 3 months prior to or after surgery. Statistical analyses and
odds ratio analyses were performed.
Results: Of the 752 patients in total, 241 (32%) became or remained postoperatively dependent whereas
68% (511) were able to wean off of opioids by 3 months. In the preoperatively dependent cohort, only 27%
were able to wean off opioids at 1 month and 53%, by 3 months postoperatively. Odds ratio calculations
showed that patients with preoperative opioid use had a 3.52 (95% confidence interval, 2.433-5.089)
times increased risk of postoperative dependence compared with opioid-naive patients. Of those
receiving postoperative opioid refills, 69% were provided these refills by their orthopedic surgeons.
Discussion and conclusions: Although the majority of TSA patients weaned off of opioids after surgery,
our results demonstrate a 3.5 times higher risk of postoperative dependence in patients who used
preoperative opioids. Orthopedists were major contributors to continued postoperative opioid use, and
increased efforts to minimize opioid prescriptions before, during, and after TSA may help curtail overuse
and dependence. These results highlight the hazard that preoperative opioid use entails for shoulder
arthritis patients.

© 2020 The Authors. Published by Elsevier Inc. on behalf of American Shoulder and Elbow Surgeons.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).
In 2016 alone, over 236 million opioid prescriptions were
written in the United States, enough for each American adult to
have his or her own bottle of opioids; not surprisingly, this has led
to 130 Americans dying each day from opioid-related overdoses as
of 2018. Although opioid-based medications have proved effective
in managing both chronic arthritis and postoperative pain after
orthopedic surgery, the statistics are mounting regarding this
growing epidemic of prescription opioid abuse and dependence.9,11
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Sales of opioid-based pain medications quadrupled from 1999 to
2010, and overdose deaths related to opioid consumption have
increased nearly 200% from 2000 to 2014.14,16,17 Many factors
contribute to this problem, including a culture of increasingly
aggressive pain management, access to opioid medications, a lack
of prescribing guidelines for physicians, and inadequate disposal
instructions for patients.7 This opioid epidemic is of particular
concern for clinicians trying to manage immediate and long-term
pain.

Glenohumeral osteoarthritis is a chronic, sometimes debili-
tating condition that can be treated with nonoperative pain man-
agement or ultimately surgical treatment for pain relief and
improved function. The use of opioid pain relief for arthritis can be
concerning because current literature suggests a positive correla-
tion between preoperative opioid use and postoperative risk of
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1000 TSA procedures 
performed with CPT 

Code 23472 within the 
enterprise from 2012-

2016

56 Revisions were excluded

944 Primary TSA 
procedures were 

examined for primary 
patient location

146 Patients residing 
outside of FL or OH were 

excluded

798 Primary TSA 
procedures were 

examined for patient 
allergies

46 Patients with recorded 
allergies to hydrocodone or 
oxycodone were excluded

A total of 752 Patients 
were included in the 

final analysis.

Figure 1 Patient inclusion and exclusion criteria for final analysis. TSA, total shoulder
arthroplasty; CPT, Current Procedural Terminology; FL, Florida; OH, Ohio.

Table I
Patient characteristics compared between opioid-dependent and nondependent
groups

Demographic
variable

Opioid-naive
group (n ¼ 523)

Opioid-dependent
group (n ¼ 229)

P value

Sex, n (%) .89
Male 228 (43) 117 (51)
Female 295 (56) 112 (49)

Mean age, yr 69.4 68.2 .10
Mean ASA class 2.71 2.74 .12
Race, n (%) .06
White 478 (91) 211 (92)
Black 36 (6) 13 (5)
Asian 0 (0) 1 (0.5)
Multiracial 6 (1) 2 (1)

Ethnicity, n (%) .56
Hispanic 18 (3) 6 (2)
Non-Hispanic 505 (97) 223 (98)

Mean procedure time, min 191.8 163.9

ASA, American Society of Anesthesiologists.
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dependence for other surgical procedures.19,20 In particular, West-
erman et al19 found that patients who received opioid prescriptions
1 month before rotator cuff repair were 3 times more likely to
continue to need prescribed opioids at 3 months after rotator cuff
repair and 7 times more likely to need opioid prescriptions after
surgery despite the fact that the surgical procedurewas intended to
relieve chronic pain and reduce reliance on these medications.
Previous studies also have found that persistent opioid use 6 weeks
prior to total knee arthroplasty was associated with a longer
postoperative hospital stay, greater risk of complications, and more
painful prolonged recovery.20

In research focused on patients with primary glenohumeral
joint osteoarthritis who used opioid medications for pain control
preoperatively, worse patient outcomes were reported, including
patient satisfaction measures.4 In addition, patients with chronic
pain (lasting �3 months) have also been found to have depression,
anxiety, and sleep disturbances, all of which have been associated
with increased opioid dependence risk.1,2,10 To date, several studies
have characterized opioid prescribing and consumption patterns
for orthopedic surgery patients who plan to undergo surgery but
not for total shoulder arthroplasty (TSA) patients.1e5,7,13,18 The
purpose of this study was to identify risk factors for and patient
characteristics of increased opioid use and postoperative opioid
dependence in primary TSA patients.

Methods

In this retrospective case-control study, we identified 1000 pa-
tients who underwent anatomic TSA performed within a multisite
hospital system from 2012 to 2015 by use of Current Procedural
Terminology code 23472 and verified via recorded procedure de-
scriptions. Patients who did not have opioid prescription data
available (residing outside of the state of Florida or Ohio), patients
undergoing revision arthroplasty, and patients with a recorded
allergy to hydrocodone or oxycodone were excluded from this
study, resulting in a total of 752 patients (Fig. 1). Of these 752 pa-
tients, 229 were preoperatively opioid dependent based on 3
months of opioid use prior to surgery (POD group) and 523 were
preoperatively opioid naive or nondependent (PON group) (Fig. 1).

Demographic variables collected for each patient included age,
sex, American Society of Anesthesiologists (ASA) class, laterality,
body mass index, race, and ethnicity. Patient-filled narcotic-based
prescriptions up to 6 months prior to surgery and 1 year post-
operatively were recorded based on state drug monitoring regis-
tries in Florida and Ohio.6,12 Data regarding number of pills, dosage,
type of opioid, and opioid dependence were recorded for all pa-
tients. Total morphine equivalents (TMEs) were calculated for each
filled prescription. Preoperative exposure was defined as opioid
prescriptions recorded in the month before surgery. Dependence
was defined as continuous opioid prescriptions for the 3 months
leading up to surgery (preoperatively) or after surgery. Dose and
number of pills prescribed were compared between groups. Pre-
scribers were classified into 2 groups: orthopedic surgeons and
other providers.

Statistical analysis

Descriptive statistics were used to summarize opioid con-
sumption patterns within both cohorts. Student t tests were used to
compare demographic variables between the preoperatively
dependent and opioid-naive cohorts. Odds ratio (OR) calculations
were performed for each predictor of postoperative narcotic
dependence. All statistical analyses were performed using SPSS
software (version 23.0; IBM, Armonk, NY, USA).



Figure 2 Preoperative opioid dependence and exposure rates.
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Results

The 752 patients in the total cohort had an average age of 69.1
years and an average ASA class of 2.72 and included 417 female
patients (55%). In the POD group, the average age was 68.2 years,
the average ASA class was 2.74, and there were 112 female and 117
male patients. In the PON group, the average agewas 69.4 years, the
average ASA class was 2.71, and there were 295 female patients
(56.6%). No significant differences in sex, age, ASA class, race,
ethnicity, or procedure time were seen between groups (P > .05)
(Table I). Patients who had a preoperative prescription were pre-
scribed an average of 69.7 pills with average TMEs of 368.6. Post-
operatively, patients were prescribed an average of 79 pills with
average TMEs of 488.3 per patient. The average number of pills
prescribed postoperatively for the POD group was 85 (average
TMEs, 635) compared with 69 pills (average TMEs, 514) for the PON
group, which was not significantly different (P > .05).

Postoperatively, 32% of the overall population (n ¼ 241) met the
criteria for opioid dependence. Of the patients in the POD group,
73% were still taking opioids at 1 month postoperatively; 47%, at 3
months; and 22%, at 6 months (Fig. 2). In the PON group, 46% were
still taking opioids at 1 month postoperatively; 26%, at 3 months;
and 12%, at 6 months (Fig. 3). OR calculations showed a 3.54 times
(95% confidence interval [CI], 2.43-5.09) increased risk of depen-
dence postoperatively for patients in the POD group (P < .0001).
Moreover, among patients who had any exposure to opioids pre-
operatively, the risk of postoperative dependence was increased
2.55 (95% CI, 1.86-3.50) times compared with those with no pre-
operative exposure (P < .0001).
Figure 3 Postoperative opioid dependence rates for o
When we evaluated other risk factors for opioid dependence,
ASA class 3 and 4 patients demonstrated no significantly increased
risk of postoperative opioid dependence. There was also no
increased risk based on sex (OR, 0.97 for women to men; 95% CI,
0.718-1.33; P ¼ .8889) or age, except in patients 75 years or older,
who were less likely to be postoperatively narcotic dependent (OR,
0.75; P ¼ .1002). No significant differences were seen in the
amounts of opioids prescribed between groups, with the PON
group having been prescribed average TMEs of 423 compared with
average TMEs of 448 in the POD group (P > .05). Among patients
receiving refills at 3 months postoperatively, 69% were prescribed
these refills by orthopedic surgeons.

Discussion

Our results suggest that for patients undergoing shoulder
arthroplasty, preoperative opioid use and dependence are signifi-
cant risk factors for postoperative continued opioid use and
dependence. This finding is consistent with findings of previous
reports and highlights the need for awareness of exposure and
chronic opioid use prior to surgery, which can impact a patient's
ability towean off of opioids after surgery.1,3,13 Of note, the majority
of our TSA patients (68%) were able to wean off of opioids by 3
months postoperatively; however, this is much longer than many
current regulatory allowances, and repeated refills can contribute
to higher rates of dependence even a successful surgical procedure
with preoperative opioid exposure. Surprisingly, regardless of
preoperative exposure or dependence, surgeons prescribed the
same postoperative opioid amounts to all patients. Perhaps
pioid-naive group and opioid-dependent groups.
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surgeons can use risk assessments and become more familiar with
risk factors to customize postoperative pain protocols better and
identify the small segment of patients (12%) in whom chronic
dependence developed after TSA or closely work with pain man-
agement specialists for this population. Perhaps implementing
screening for risk factors and closely monitoring postoperative
prescriptions should be implemented to avoid even these low rates
of dependence.

It has been reported that primary care physicians aremore likely
to recommend replacement surgery to patients with hip or knee
arthritis compared with patients with shoulder arthritis, especially
in the geriatric population.8 As seen in our cohort, these practices
may lead to patients experiencing chronic shoulder arthritis pain
for extended periods, resulting in the higher rates of long-term
opioid use to manage their shoulder pain prior to surgery.8 These
opioid prescriptions lead to increased rates of preoperative opioid
dependence, putting patients at higher risk of chronic dependence
even before being offered a surgical consultation. Although pre-
scription drug monitoring services enable physicians to track
opioid use better and prevent multiple-provider prescriptions,
their effectiveness is still limited as they are aimed at mitigation
instead of prevention of this problem. Perhaps increased education
and communication with primary care physicians need to be
implemented with newguidelines to avoid opioids in osteoarthritis
patients; this may decrease or prevent opioid dependence in these
orthopedic patients.

Interventions cannot just focus on the primary care community;
they also must be integrated into our orthopedic community
because orthopedic surgeons provided the majority of opioid refill
prescriptions (69%) postoperatively for more than 3 months. As
outlined by Morris and Mir9 (2015), identifying risk factors, using a
standardized pain management protocol, and adjusting patient
expectations of pain after surgery may help reduce the number of
patients who move from taking opioids for pain after surgery to
dependence. Orthopedic surgeons need to implement these prac-
tices into a standard of care given the increasing scrutiny and
legislation limiting access to postoperative opioids for our patient
population.15

Although our results demonstrate several important patterns in
narcotic consumption in TSA patients, this study is not without
limitations. One limitation is that this study was based on the
prescribing patterns of physicians with the assumption that pa-
tients consumed all opioid medications as prescribed. Patients may
not have consumed all prescribed pills or followed instructions on
appropriate use, which was not assessed in this study. Another
limitation is that preoperative comorbidities and reasons for opioid
dependence prior to TSA were not taken into consideration, which
may allow for a clearer understanding of which patients are most at
risk, as well as overprescribing patterns. Future studies may
address these particular issues. However, we did try to account for
as many comorbidities and available factors as possible using
appropriate statistical analyses to minimize bias.

Conclusion

With over 130 deaths per day due to opioid overdoses, it is
important for orthopedic surgeons to increase awareness of how
they are contributing to the crisis andwhat risk factors exist in their
patient populations. Although the majority of TSA patients weaned
off of opioids after surgery, our results demonstrate a 3.5 times
higher risk of postoperative dependence for preoperatively
dependent patients. Orthopedists were major contributors to
continued postoperative opioid use, and increased efforts to mini-
mize opioid prescriptions before, during, and after TSA may help
curtail dependence rates. These results highlight the hazard that
preoperative opioid use entails for shoulder arthritis patients.

Disclaimer

The authors, their immediate families, and any research foun-
dations with which they are affiliated have not received any
financial payments or other benefits from any commercial entity
related to the subject of this article.
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