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and Gregory L. Cvetanovich, M.D.
Purpose: To determine whether differences in total morphine equivalent doses (MEDs) prescribed after arthroscopic
rotator cuff repair (RCR) existed because of age younger than or older than 55 years and sex and to characterize potential
risk factors for needing an opioid medication refill, visiting a provider other than the surgeon (either in the emergency
department or ambulatory settings), and postoperative pain control requiring opioids approximately 6 weeks from the
date of surgery.Methods: A retrospective cohort study of 100 patients who underwent arthroscopic RCR between July 1,
2018, to November 30, 2018, in a single institution was performed. Data including demographics, perioperative treat-
ments, and postoperative opioid prescriptions were recorded. Our primary hypotheses were evaluated with the Wilcoxon-
Mann-Whitney test. Univariate and multivariate analyses assessed potential risk factors for the 3 outcomes of interest.
Results were given in adjusted odds ratios (aORs), 95% confidence intervals (CIs), and P values. Results: There was a
difference (P ¼ .038) in total MEDs used (in 5 mg oxycodone tablets) between males (median 56 tablets; interquartile
range, 50-98 tablets) and females (median 78 tablets; interquartile range, 56-116 tablets). Age younger than 55 years was
a risk factor for seeking an opioid refill (OR ¼ 2.51; CI, 1.11-5.66; P ¼ .026). A significant risk factor for visiting another
provider was preoperative opiate use (OR ¼ 15.0; CI, 1.79-125.8; P ¼ .013). Age younger than than 55 years (aOR ¼ 2.51;
CI, 1.01-6.02; P ¼ .047), body mass index (aOR ¼ 1.08; CI, 1.01-1.17; P ¼ .046), and shorter surgical duration (aOR ¼
0.97; CI, 0.95-0.99, P ¼.007) were independent predictive factors for requiring opioids for pain control 6 weeks after
surgery. Conclusions: After arthroscopic RCR, MED prescription is higher for females than males. The risk factors for
requesting opioid prescription refill for pain control 6 weeks after surgery were age younger than 55 years and shorter
surgical duration. Level of Evidence: Level III, retrospective comparative study.
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Arthroscopy, Sports Medicine, and Rehabilitation
procedure in the United States, from the late 1990s1

and mid 2000s2 to the current decade3 and has
increasingly been performed on an outpatient basis.4

Although adequate pain control is an integral compo-
nent to postoperative care after arthroscopic RCR, the
rise in RCRs has been parallel with increased opioid-
related drug deaths between 1999 to 2014.5-7 An esti-
mated 2 million people suffer from opioid use disorder
directly related to increasing amounts of opioid pre-
scriptions6; in combination with underlying behavioral
disorders, this can lead to persistent opioid use after
many surgical procedures.8 In addition, patients
frequently use less than the prescribed amount of opi-
oids after their associated operation,9,10 which can pose
risks for unintended uses.11 Orthopaedic surgeons in
particular prescribe the third largest total of opioids
among all providers.12 As a result, national guidelines
have been formulated to reduce opiate medication
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prescriptions,13 and orthopaedic surgeons have inves-
tigated interventions such as preoperative counseling to
curb opioid consumption.14,15

Although arthroscopic RCR can lead to improvements
in patient-reported and functional motion in patients
using opioids before surgery, these have been less than
those seen in opiate-naïve patients.16,17 In addition, it
has been found that opiate-tolerant patients had higher
proportions of female sex, chronic pain disorders, and
psychiatric conditions compared to opiate-naïve pa-
tients.16,18 For arthroplasty of the shoulder, in contrast
to arthroscopy, preoperative opioid medication usage
has been associated with higher postoperative opiate
requirements and reduced functional outcome scores
after anatomic19 and reverse total shoulder arthro-
plasty.20 For patients undergoing elective shoulder
arthroplasty, age <60 years and long-term opioid use
were found to be risk factors for increased opioid use
after surgery.21 Based on studies that have consistently
illustrated potential patient risk factors for increased
opiate requirements, the current study aimed to
determine whether these patient- and surgical-based
risk factors, specifically age and sex, were generaliz-
able to a patient population undergoing arthroscopic
RCR. Such an evaluation could aid useful preoperative
counseling by surgeons.
In this article, we describe a retrospective cohort study

with the objective of elucidating risk factors for
increased postoperative opioid consumption after
arthroscopic RCR. The purposes of this study were to
determine whether differences in total morphine
equivalent doses (MEDs) prescribed after arthroscopic
RCR existed because of age younger than or older than
55 years and sex and to characterize potential risk fac-
tors for needing an opioid medication refill, visiting a
provider other than the surgeon (either in the emer-
gency department or ambulatory settings), and post-
operative pain control requiring opioids approximately
6 weeks from the date of surgery. We tested 2 null
hypotheses: (1) postoperative opioid requirements after
arthroscopic RCR, in MEDs, are not significantly
different between patients younger than or older than
55 years of age and (2) postoperative MEDs are not
significantly different between male and female
patients.

Methods

Study Population
After obtaining Institutional Review Board study

approval, 1 study author (M.S.) identified 114 patients
treated in a single institution by 1 of 4 fellowship-
trained shoulder surgeons from July 1, 2018, to
November 1, 2018. Inclusion criteria for patients con-
sists of age older than 18 years and undergoing primary
arthroscopic RCR. Exclusion criteria included active
cancer diagnosis requiring baseline opioid prescription,
prisoner status, additional operations within 42 days of
RCR, open RCR, revision RCR, superior capsular
reconstruction, or concomitant fracture fixation. These
criteria led to 14 patients being eliminated, and a final
number of N ¼ 100 patients underwent further review
of their electronic medical records in this retrospective
cohort study. In our institution, 375 MEDs of opioids,
the equivalent of 50 tablets of oxycodone, were
routinely prescribed for patients on the day of surgery.
An a priori power analysis was performed, and because
no minimum clinically important difference (MCID)
has been defined for MEDs consumed after arthroscopic
RCR, we determined the MCID to be 83 MEDs for our
primary null hypotheses. This corresponds to 11 doses
of oxycodone 5 mg tablets or just over 2 tablets of
oxycodone consumed every 4 hours at 5 timepoints in
1 day. We selected this MCID after discussion with our
physician assistant (PA-Cs) and surgeon staff who
determined, from their experience, that more than 1
additional day of unanticipated opiate consumption
was commonly the threshold that prompted patients to
begin seeking additional aid after surgery. Assuming a
standard deviation of 165 MEDs used after arthroscopic
RCR (as found in the study by Klein et al.22) in the
group with a mean 1 MCID higher than our baseline
group, our study was found to have 80% power with
an alpha level of 0.05 for our sample size. All opioid
dosages were first converted into MEDs (thus facili-
tating direct comparison between multiple opioid
medications) and then equivalents of oxycodone 5 mg
tablets to facilitate clinical interpretation of results.

Data Collection and Perioperative Protocol
From electronic medical record review, demographics

including age, sex, body mass index (BMI), insurance
type, employment status, and distance traveled to the
site of surgery were collected. In addition, potentially
influential behavioral qualities such as smoking status,
alcohol abuse, marijuana drug use, intravenous drug
use, baseline opioid use defined as having an active
prescription for opioids within 3 months of surgery, a
diagnosis of fibromyalgia, and a documented history of
a mental health disorder were noted. Preoperative
steroid injections and duration of symptoms were also
recorded. Perioperative data, such as concomitant pro-
cedures (e.g., biceps tenodesis), tear thickness (partial
versus full), length of surgery, and medications pre-
scribed at discharge (including opiate MEDs) were also
collected. Finally, outcomes such as the number and
type of opioid refills, total MEDs prescribed, opioid use
beyond 42 days after surgery, emergency department
or alternative physician visits for additional opioid, a
call or visit to the surgeon’s office for opioid refills, and
pain control requiring opioids at 2 weeks and 6 weeks
after surgery were assessed.



Table 1. Summary of Patient Demographics and Behavioral
Characteristics

Variable All Study Patients (N ¼ 100)

Age (years) 54.8 � 10.7
Sex (number of females) 37 (37.0%)
BMI (kg/m2) 31.3 � 6.2
Insurance Type (private

insurance)
43 (43.0%)

Insurance Type (Medicare or
Medicaid insurance)

42 (42.0%)

Insurance Type (Workers’
Compensation)

10 (10.0%)

Insurance Type (uninsured) 5 (5.0%)
Employment Status (currently

employed)
61 (61.0%)

Distance Traveled to Surgery
(miles)

17.6 (11.3 e 44.1)

Diagnosis of Fibromyalgia 2 (2.0%)
Smoking Status (actively

smoking)
18 (18.0%)

Marijuana Use Status (actively
using)

6 (6.00%)

Alcohol Abuse Status (actively
using)

5 (5.00%)

IVDU Status (actively using) 0 (0.00%)
Mental Health History Status

(active diagnosis)
38 (38.0%)

Preoperative Opioid Use Status
(using within 3 months)

8 (8.00%)

NOTE. Demographic and pertinent behavioral data of all patients in
the study who underwent arthroscopic rotator cuff repair (N ¼ 100
patients) are presented. Mean � standard deviation are provided for
normal variables, number and proportion are given for categorical
variables, and median and interquartile range (IQR) are shown for
non-normal interval data.
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All surgeons involved in the study performed
arthroscopic RCRs in the beach chair position, using 4
portals (posterior, lateral, anterior, and accessory
anterolateral). In addition, all patients received general
anesthetic and an interscalene regional anesthetic block
to the operative extremity using a single injection. No
patients had a catheter placed for analgesic infusion.
Patients were immobilized in a sling after surgery, and
motion was progressed by physical therapists using a
standard protocol. Initial opioid prescriptions were
given by 1 of 3 PA-Cs or a resident physician using a
standard protocol. All requests for refills were
completed only through these 3 PA-Cs.

Documentation of Opiate Prescriptions
This investigation was performed in a state that has a

comprehensive pharmacy database: the Ohio Auto-
matic Rx Reporting System. We used the Ohio Auto-
matic Rx Reporting System to accurately determine the
amount and type of opioids prescribed for each patient
by any licensed provider in the state. To reiterate,
clinical interpretation of results was facilitated by con-
verting all opioid dosages to MEDs and then equivalents
of oxycodone 5 mg tablets, allowing for direct com-
parison between multiple opioid medications. Patients
who requested refills on opioid prescription were pre-
scribed 210 mg of MEDs, equivalent to 28 tablets of
oxycodone 5 mg.

Statistical Analysis
Statistical analyses were performed with standard

software (Stata, version 15.0; StataCorp, College Sta-
tion, TX). Descriptive statistics included mean � stan-
dard deviation for normal interval data, median with
interquartile range (IQR) for non-normal interval data,
and counts with proportions for categorical data. The
Wilcoxon-Mann-Whitney test was used to evaluate for
differences in total opioid prescription required be-
tween (1) patients younger or older than age 55 years,
which was previously observed to be close to the
average age of patients requiring arthroscopic RCR in
our institution, and (2) male or female patients. After
these analyses, a series of univariate logistic models
were used to assess the unadjusted associations be-
tween multiple patient and surgical factors with the
outcomes of (1) needing an opioid refill, (2) visiting the
emergency department or another provider, and (3)
requiring opioids for pain control 6 weeks after surgery
as reported by the patient. Variable logistic regression
models were then used to determine independent
predictors of the aforementioned outcomes. This was
done by considering all factors in univariate analysis
and then using a backward selection method with an
exit criterion of P >.05. Model goodness of fit was
confirmed with the Hosmer-Lemeshow test.23 The
discriminatory capability of the multivariate models
was summarized by the area under the receiver oper-
ator curve (AUROC); capability was defined as poor for
AUROC <0.7, fair for 0.70-0.79, good for 0.80-0.89,
and excellent for values >0.90. Results were summa-
rized as odds ratios (ORs), 95% confidence intervals
(CIs), and P values. The significance level was P ¼ .05.

Results

Demographics and Surgical Characteristics
In the100enrolledpatients, themeanagewas54.8�10.7

years,37.0%werefemale, themeanBMIwas31.3�6.2kg/
m2, 43.0% had private insurance, 42% had Medicaid or
Medicare insurance, 10%hadworkers’ compensation, 5%
were uninsured, and 61.0% were employed (Table 1).
Moreover, 18.0% were actively smoking at the time of
surgery, 38.0% had a preoperative diagnosis of a mental
health disorder, and 8.00% were using opioids before sur-
gery within 3months of the surgical date.
By the day of surgery, patients had a median of 6

months (IQR, 4-14 months) of symptoms (Table 2).
During surgery, 74.0% had a full-thickness tear, and
nearly 90.0% of patients underwent subacromial



Table 2. Summary of Preoperative Treatments, Perioperative
Interventions, and Postoperative Opioid Use

Variable All Study Patients (N ¼ 100)

Steroid Injections (number
received preoperatively)

0 (0 e 1)

Duration of Symptoms (months) 6 (4 e 14)
Tear Thickness (number with full-

thickness tear)
74 (74.0%)

Distal Clavicle Excision Performed
(count)

4 (4.00%)

Biceps Tenodesis Performed
(count)

90 (90.0%)

Subacromial Decompression
Performed (count)

86 (86.0%)

Duration of Surgery (minutes) 86.0 � 22.2
Morphine Equivalent Doses at

Discharge (milligrams)
375 (375 e 420)

Patients Requiring a Refill
(number receiving)

51 (51.0%)

Morphine Equivalent Doses
Refilled (milligrams)

90 (0 e 375)

Morphine Equivalent Doses Given
in Total (milligrams)

450 (375 e 772.5)

Patients Seeing Another Provider
(number performing)

4 (4.00%)

Patients with Uncontrolled Pain 2
Weeks Postoperatively (count)

56 (56.0%)

Patients with Uncontrolled Pain 6
Weeks Postoperatively (count)

58 (58.0%)

NOTE. Key data on preoperative symptoms duration, steroid in-
jections, characteristics of the arthroscopic rotator cuff repairs per-
formed, quantities of opioids prescribed, and pertinent patient
outcomes with regards to pain control for all individuals (N ¼ 100
patients) are presented. Mean standard deviation are provided for
normal variables, number and proportion are given for categorical
variables, and median and interquartile range (IQR) are shown for
non-normal interval data.
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decompression and biceps tenodesis. The mean duration
of surgerywas 86.0� 22.2minutes. On discharge, unless
amedical contraindicationwas present, all patients were
given 100mgof gabapentin 3 times daily and amedian of
375mg ofMEDs (IQR, 375-420), equivalent to 50 tablets
of oxycodone 5 mg. Although no patients were pre-
scribed nonsteroidal anti-inflammatory drugs or acet-
aminophen at discharge, all patientswere recommended
to take ibuprofen or acetaminophen for pain control,
unless contraindicated by medical history or allergies. It
was found that 51.0% of patients required a refill of
opioids, for a median of 450 mg of MEDs (IQR, 375-
772.5) prescribed by 6 weeks after surgery. There were 4
patients who saw another provider for opioid refills, and
58.0% of patients did not feel that their pain was
adequately controlledwithout the need for opioids at the
6-week postoperative visit.

Comparison of Opioid Use by Age and Sex
With regard to our primary hypotheses (Fig 1A), no

significant difference existed (P ¼ .071) between total
postoperative opioid prescription after arthroscopic
RCR in patients older than 55 years (median 60 tablets;
IQR, 50-92 tablets) than those younger than 55 years
(median 84 tablets; IQR, 50-113 tablets). When
comparing by sex (Fig 1B), females received more
opioid prescriptions (median 78 tablets; IQR, 56-116
tablets) than males (median 56 tablets; IQR, 50-98
tablets) and this difference was significant (P ¼ .038).

Unadjusted Risk Factors for Outcomes of Interest
It was found that age younger than 55 years was an

unadjusted risk factor for seeking an opioid refill (OR ¼
2.51; CI, 1.11-5.66; P ¼ .026). An unadjusted signifi-
cant risk factor for visiting another provider for opioid
refills was preoperative opiate use within 3 months of
surgery (OR ¼ 15.0; CI, 1.79-125.8; P ¼ .013). Signif-
icant risk factors for requiring opioids for pain control 6
weeks after surgery were age younger than 55 years
(OR ¼ 2.56; CI, 1.11-5.89; P ¼ .027), higher BMI (OR ¼
1.08; CI, 1.01-1.16; P ¼ .042), and shorter surgical
duration (OR ¼ 0.97; CI, 0.95-0.99; P ¼ .007).

Independent Risk Factors for Outcomes of Interest
No significant risk factors were identified for needing

a refill or visiting another provider in multivariate
analysis. Age younger than 55 years (aOR ¼ 2.51; CI,
1.01-6.02; P ¼ .047), BMI (aOR ¼ 1.08; CI, 1.01-1.17;
P ¼ .046), and shorter length of surgery (aOR ¼ 0.97,
CI, 0.95-0.99; P ¼ .007) were independent predictive
factors for requiring opioid prescriptions for pain con-
trol 6 weeks after surgery. This model had fair ability
(AUROC ¼ 0.73) to predict this outcome (Fig 2).
Discussion
Previous investigations have explored potential asso-

ciations with postoperative opioid consumption and
outcomes after lumbar spinal fusion,24 total hip and
knee arthroplasty,24,25 anatomic total shoulder arthro-
plasty,19 and reverse total shoulder arthroplasty,20 with
a focus on preoperative opioid consumption. Using the
Kaiser Permanente Shoulder Arthroplasty Registry, Rao
et al.21 found that age younger than 60 years, sex, race,
BMI, American Society of Anesthesiologists classifica-
tion, and preoperative opioid use were patient-based
risk factors for increased opioid use within 1 year of
shoulder arthroplasty. In relation to arthroscopic RCR,
risk factors that have been suggested as heightening
patients’ need for postoperative opiates include preop-
erative opioid use,16,17 psychiatric distress,22,26

myalgia,18 and low back pain.18 Given that different
arthroscopic shoulder procedures have shown differ-
ential rates of prolonged postoperative opioid use,27 our
investigation sought to confirm the role of age and sex
on opioid prescription needs after surgery and second-
arily determine the patient- and procedural-based risk
factors for suboptimal patient-reported pain control.



Fig 1. Combination box and scatter plots comparing total opioids prescribed to patients after arthroscopic rotator cuff repair (in
equivalents of 5 milligram (mg) tablets of oxycodone) on the basis of (A) age less than or greater than 55 years of age and (B)
male or female sex. For equivalents of 5 mg tablets of oxycodone, the cumulative morphine equivalent dose was calculated for
each patient and divide by the conversion ratio of 5 mg of oxycodone for every 7.5 mg of morphine. In the box plots, the lower
box boundary represented the first quartile, the interior line represented the median, and the upper box boundary represented
the third quartile.

Fig 2. Summary of the predictive ability of a multiple logistic
model for the outcome of requiring opioids for pain control at
the time of the 6-week postoperative visit after arthroscopic
rotator cuff repair (RCR). The three model predictors were (1)
patient age in years less than or greater than 55 years (as a
binary variable), body mass index (as a continuous variable),
and (3) duration of the surgical procedure in minutes (as a
continuous variable). The area under the receiver operative
characteristic curve of 0.73 indicated fair ability for the model
to predict the outcome.
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With attention to our study hypothesis, we were
unable to reject our first null hypothesis that there was
no difference in total postoperative opioid prescription
between patients younger than 55 years of age and
those patients older than 55 years of age. However, we
were able to reject our second null hypothesis that
there was no difference in total postoperative opioid
prescription between male and female patients. Our
findings with regard to age differed from our pre-study
alternative hypothesis that younger age would be a risk
factor for increased MEDs after surgery, as suggested by
other researchers.21,28 Further evaluation of the age-
MED association would be useful and warranted in
future prospective and retrospective studies with a
different patient sample to confirm or refute this
finding. Given that younger age was found to be
independently associated with a greater level of pain 6
weeks after surgery, it is possible that younger patients
have a higher level of perceived pain; however, the
current study is underpowered to detect such an asso-
ciation. As for our finding for sex-related differences,
this is congruent with data from other studies of post-
operative opioid use after shoulder operations.16,21 A
possible explanation for this finding could be attributed
to differences in preoperative expectations and coping
mechanisms for pain after surgery between males and
females. Subsequent research to better elucidate the
causative issues for this sex-based difference and tailor
appropriate interventions would be warranted to
further explore our finding.
Our analyses for risk factors for our first outcome of

interest, the need for a refill of opioid medications, did
not reveal any significant factors. Similar to our
aforementioned data regarding no significant differ-
ences with regard to age groups with postoperative
MEDs, future investigations with different cohorts of
patients would be useful to verify this conclusion. We
recommend particular attention in these studies toward
risk factors described in the literature, such as sex,
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preoperative opioid use, and a history of a mental
health disorder.
One strength of our study is the elucidation of inde-

pendent risk factors for the outcomes of (1) visiting a
provider other than the surgeon for pain control and
(2) requiring opioids for pain control by the time of the
6-week postoperative visit. Our first logistic regression
model highlighted the significant association between
preoperative opioid usage and the outcome of needing
to visit a provider other than the surgeon. In other
studies, preoperative opioid use has been shown to
adversely impact clinical outcomes and postoperative
opioid requirements after RCR.16-18

In a similar vein, we were able to construct another
logistic regression model that illustrated the significant
associations between (1) patient age younger than 55
years, (2) BMI, and (3) shorter procedure duration with
patient-reported requirement of opioids for pain control
6 weeks after RCR. As described earlier, younger age
and BMI have been found to be risk factors for
increased postoperative opioid consumption21,28; thus
these findings are congruent with the current literature.
As for shorter procedure duration, controlling for the
presence or absence of concomitant procedures (such as
distal clavicle excision and biceps tenodesis) revealed
that they were not significant confounding factors.
Notably, structural characteristics that define the
severity of rotator cuff tears are not correlated with pain
levels after repair.29,30 Potential explanations for the
association with shorter surgical duration could include
reduced time spent in debridement of inflammatory
torn rotator cuff before RCR, guidance on postoperative
expectations for relatively smaller operations, or
decreased physical therapy for less-intensive proced-
ures. Future investigations controlling for these vari-
ables could be useful. Taken together, the clinical
significance of these models could help improve pre-
operative counseling and postoperative guidance for
patients at risk for increased opioid requirements after
arthroscopic RCR.

Limitations
Our investigation has several limitations. For

example, no standardized preoperative and post-
operative assessments of pain, such as the Visual
Analog Scale, and function, such as Disabilities of the
Arm, Shoulder, and Hand and American Shoulder
Elbow Surgeons Standardized Form were routinely
available for all patients in the study. This is an inherent
drawback of the retrospective nature of the study and
limits precise quantification of pain reduction from
preoperative levels and its variation as time from sur-
gery progressed. It also limits comparisons of functional
outcomes with those reported in the literature. Future
investigations would ideally collect Visual Analog Scale,
Disabilities of the Arm, Shoulder, and Hand, American
Shoulder Elbow Surgeons and other functional assess-
ments at multiple timepoints, before and after surgery.
Another limitation of the study was a lack of stan-
dardization of a script for preoperative counseling, as
well as systematic tracking of actual opioid pills
consumed. Thus the specific quantity of opioids
consumed by patients was not documented per se, but
the amount of opioid prescription requested was
known. Furthermore, patients were recommended to
take nonopioid pain medications as needed after sur-
gery, but the consumption of such medications and
their effect on pain control could not be measured. In
addition, multimodal pain management with agents
such as gabapentin, nonsteroidal anti-inflammatory
drugs, and acetaminophen, has been demonstrated to
reduce narcotic pain consumption.31 Ideally, standard-
ization of preoperative and postoperative measurement
and counseling of opioid usage, in the setting of a
prospective randomized controlled trial, would help
control for potential cofounders, and this could be a
future research direction. Finally, our study interval of
interest was up to the 6-week postoperative time point
and may have benefited from longer follow-up (e.g., 1
year) for more detailed assessment of functional as-
sessments. However, we selected the 6-week timepoint
because this represents the end of surgeon-driven
opioid prescribing, per our institution’s policy.
Conclusions
After arthroscopic RCR, MED prescription is higher

for females than males. The risk factors for requesting
opioid prescription refill for pain control 6 weeks after
surgery were age younger than 55 years and shorter
surgical duration.
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