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Increase in Deltoid Compartment Pressures
Immediately After Arthroscopic Rotator Cuff

Repair Does Not Significantly Affect Postoperative
Opioid Consumption
Derrick M. Knapik, M.D., Joseph E. Tanenbaum, Ph.D., Michael J. Salata, M.D.,
Brian N. Victoroff, M.D., James E. Voos, M.D., and Robert J. Gillespie, M.D.
Purpose: To investigate the association between changes in individual (anterior, lateral, and posterior) and overall
deltoid compartment pressures and postoperative opioid consumption up to 14 days after primary double-row arthro-
scopic rotator cuff repair (ARCR). Methods: In 113 consecutive patients undergoing primary double-row ARCR, ante-
rior, lateral, and posterior deltoid compartment pressures were measured prior to incision and immediately after closure
with a manometer. Postoperatively, all patients were provided with an identical rehabilitation protocol, quantity and dose
of opioid tablets, and pain journal in which to record daily opioid consumption and visual analog scale pain scores for 14
days after surgery. The pain journals were collected at the first postoperative visit, and opioid consumption was calculated
based on morphine equivalents. Statistical analysis was performed to determine the association between deltoid
compartment pressures and opioid consumption postoperatively. Results: Sixty-nine percent of patients who met the
inclusion criteria (74 of 107) returned the pain journals. The mean age at the time of surgery was 57.4 � 8.8 years (range,
30-75 years), with female patients being significantly older (P ¼ .03). The mean length of surgery was 71.7 � 16.3 mi-
nutes. No significant association between increase in individual (anterior, lateral, or posterior) or mean overall
compartment pressures and morphine equivalents of opioid consumption was appreciated on any postoperative day.
Conclusions: No significant correlation between increase in individual or overall deltoid compartment pressures after
ARCR and postoperative opioid consumption in the immediate postoperative period was found in this study. Level of
Evidence: Level II, prospective cohort study.
pioid consumption in the United States has
Oincreased dramatically over the past 3 decades,
leading the US Centers for Disease Control and Pre-
vention to label opioid abuse as an epidemic.1-3 The
opioid epidemic presents a substantial concern for all
medical specialties, particularly orthopaedic surgeons,
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potential dependence after the treatment of orthopae-
dic injuries.4,6 As such, given the substantial burden of
musculoskeletal pain after surgery5,7 and the high
volume of opioid prescriptions, orthopaedic surgeons
are in a position to have a substantial influence on
helping control the current opioid crisis.
One of the most frequently performed operations

associated with the potential for considerable post-
operative pain requiring prolonged opioid use is
arthroscopic rotator cuff repair (ARCR).8,9 As the na-
tional incidence of primary rotator cuff repair has
increased over the past 2 decades,10 the rate of ARCR
has similarly increased when compared with traditional
open or mini-open rotator cuff repair.11,12 ARCR is
characterized as a minimally invasive procedure, with
the benefit of smaller incisions, less trauma to the del-
toid musculature, and the ability to address concomi-
tant lesions in the shoulder, while theoretically
producing less postoperative pain compared with open
procedures.13,14 However, the benefit of ARCR in
reducing pain in the early postoperative period has
been disputed in multiple investigations.15-19 As such,
identifying variables influencing postoperative pain
requiring opioid consumption after ARCR is critical to
combat the current opioid epidemic while improving
patient satisfaction and postoperative outcomes.
Prior investigations have examined the association

between postoperative pain and opioid consumption in
terms of both patient-related (preoperative pain levels,
preoperative opioid use, patient age, sex, nicotine abuse,
tear size, and range of motion)9,20-27 and surgeon-
related (duration of surgery and surgical approach) fac-
tors.19,26 When examining deltoid pressures, in their
investigation of 40 patients undergoing arthroscopic
subacromial decompression with or without distal clav-
icle resection, De Wachter et al.28 reported that
soft-tissue pressure in the deltoid was elevated during
surgery and did not drop to baseline levels within 10
minutes after discontinuation of fluid irrigation into the
shoulder. However, the influence of increased deltoid
compartment pressures due to fluid extravasation from
fluid pump pressure during ARCR on postoperative
opioid consumption remains unknown.
The purpose of this study was to investigate the as-

sociation between changes in individual (anterior,
lateral, and posterior) and overall deltoid compartment
pressures and postoperative opioid consumption up to
14 days after primary double-row ARCR. We hypoth-
esized that patients with greater increases in post-
operative deltoid compartment pressures when
compared with preoperative values would consume
more opioids postoperatively.

Methods
Prior to patient enrollment, approval was obtained

from the institutional review board at the senior
author’s (R.J.G.) institution. Prospective patients were
scheduled to undergo ARCR with subacromial decom-
pression performed by 1 of 4 (M.J.S., B.N.V., J.E.V.,
R.J.G.) fellowship-trained orthopaedic surgeons who all
participated equally for the duration of the investiga-
tion. The inclusion criteria consisted of patients un-
dergoing primary arthroscopic double-row repair with
suture anchors, age 18 to 80 years, and capability of
providing consent and following a standardized post-
operative rehabilitation protocol. Patients using opioid
pain medication at the time of surgery, patients with
active pain disorders (fibromyalgia or complex regional
pain syndrome), pregnant patients, and patients un-
dergoing single-row repair, open repair, or revision
surgery were excluded. A state-based prescription drug
monitoring program was used to confirm the absence of
active opioid consumption prior to surgery while
tracking any prescription refills provided post-
operatively by other providers. During the 50-month
study period, a total of 113 patients were identified as
potentially meeting the inclusion criteria and provided
consent for study participation.

Surgical Technique
After the administration of a single-shot interscalene

block by a fellowship-trained anesthesiologist, induc-
tion of general anesthesia, and positioning in the beach-
chair position, deltoid compartment pressures were
measured using a Stryker manometer needle (Kala-
mazoo, MI). Measurements were performed by placing
the needle within the chamber, calibrating the monitor,
and inserting the needle in the anterior, lateral, and
posterior deltoid compartments with care to ensure
needle placement within the musculature. The mea-
surement locations were standardized using anatomic
landmarks, with the anterior compartment needle
placed 1 cm lateral to the coracoid and 1 cm inferior to
the anterior aspect of the acromion. The lateral deltoid
was measured 2 cm inferior to the lateral aspect of the
acromion, whereas the posterior deltoid needle was
inserted 1 cm inferior and 1 cm medial to the
posterolateral tip of the acromion. Compartment pres-
sures were recorded on an intraoperative data sheet.
ARCR was then performed with concomitant sub-
acromial decompression and biceps tenodesis when
clinically indicated. Two types of pumps (DePuy Syn-
thes, Raynham, MA, and Arthrex, Naples, FL) were
used among the 3 surgeons, with the application of
comparable pump pressures during each surgical pro-
cedure. Immediately after portal closure, deltoid
compartment pressures were remeasured using the
same procedure in the anterior, lateral, and posterior
deltoid musculature, and these measurements were
recorded. Patients were discharged with a standardized
postoperative rehabilitation protocol consisting of sling
immobilization with a supporting abduction pillow to



Table 1. Overview of Study Population

Male
Patients

Female
Patients P Value

Patients, n 51 23 d

Age at surgery,
mean � SD, yr

56.0 � 9.0 60.4 � 7.7 .03

Length of surgery,
mean � SD, min

73.8 � 17.5 66.6 � 12.1 .06

SD, standard deviation.
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be worn at all times for 4 weeks except when show-
ering and during rehabilitation, which consisted of
passive range of motion of the shoulder according to
patient tolerance. Patients were also supplied with a
prescription for 1 to 2 tablets of oxycodone/acetamin-
ophen, 5/325 mg (42 tablets), to be taken every 4 to 6
hours as needed for pain control. No refill prescriptions
were provided by the treating surgeons.

Pain Journal
After surgery, patients not excluded owing to the

performance of an open or single-row repair were
instructed to track their daily pain level and opioid
consumption. Patients were asked to record their mean
overall pain level over the duration of the day on a
visual analog scale (VAS) prior to bed, whereas opioid
consumption was recorded as the total quantity of
tablets consumed each day. On the basis of prior
studies, analgesic use was normalized to morphine-
equivalent (MEQ) dosage.18,29 Pain journals with
daily entries were kept by patients for a total of 14 days
and returned during their first postoperative visit
approximately 2 weeks after surgery.

Statistical Analysis
On the basis of previously published studies, an a

priori sample size calculation was performed to identify
the necessary number of patients for this anal-
ysis.13,17-19,30,31 Assuming an a probability of .05 and a
target b value of .8, for an estimated large effect size
(d ¼ 0.8), the necessary sample size would be 84,
whereas a medium effect size (d ¼ 0.5) would require a
sample size of 210.
Mean patient age and length of surgery were calcu-

lated, and the Student t test was used to compare dif-
ferences between men and women. Mean preoperative
compartment pressures overall and in each compart-
ment (anterior, lateral, and posterior) were calculated
and compared with postoperative compartment pres-
sures similarly using the Student t test. Unique linear
models were estimated for each of the following out-
comes: MEQs of opioids consumed on day 1, day 2, day
3, day 4, day 5, day 6, day 7, and day 14 post-
operatively. We first tested whether postoperative
pressures in each compartment (anterior, middle, and
posterior) were associated with MEQs of opioids
consumed on each of the aforementioned postoperative
days. Under the hypothesis that the change in
compartment pressure may be associated with the
consumption of opioids postoperatively, we tested
whether preoperative-to-postoperative changes in each
compartment pressure were associated with MEQs of
opioids consumed on each of the days previously
described. We also analyzed the association with
preoperative-to-postoperative change in average
compartment pressure, with the hypothesis that
changes in overall pressure would influence opioid
consumption more than changes in the pressure of any
single compartment. To assess the relation between
pain scores and MEQs of opioids consumed preopera-
tively, we estimated a unique linear model for each
postoperative day that used MEQs of opioids consumed
on that day as the dependent variable and used VAS
pain score on that same day as the independent variable
(while also adjusting for age and sex). We further hy-
pothesized that opioid consumption may alternatively
relate to the pain experienced on the previous day
rather than the present day, and we tested this hy-
pothesis by introducing a 1-day lag in VAS pain score
relative to opioid consumption. Prior studies have
documented an association between postoperative pain
and MEQs of opioids consumed after rotator cuff
repair.26,32 We therefore also estimated all of our
models using pain scores specific to each postoperative
day as a covariate. We did not find that including
postoperative pain scores changed our estimates of the
association between deltoid compartment pressures
and postoperative opioid consumption in a clinically
meaningful way. We therefore present estimates of the
more parsimonious models that include only age and
sex as covariates. A prespecified a of .05 was used to
determine statistical significance. All analyses were
conducted in R (version 3.6.2; R Foundation for Sta-
tistical Computing, Vienna, Austria) using the Hmisc,
rms, ggplot2, ggpubr, gridExtra, and tidyverse packages.

Results
Of the 113 patients identified preoperatively for study

inclusion, 6 required open repair and were excluded;
no patients underwent single-row repair. After surgery,
69% of patients (74 of 107) returned completed pain
journals; the remaining 31% of patients (33 of 107) did
not return the pain journals and were excluded from
further analysis. Among the patients who returned
completed pain journals, the mean overall age at the
time of surgery was 57.4 � 8.8 years (range, 30-75
years), with female patients being significantly older
(P ¼ .03) (Table 1). The mean length of surgery was
71.7 � 16.3 minutes and was longer in male patients
(P ¼ .06). Biceps tenodesis was performed in 77% of
patients (58 of 74), of whom 71% (41 of 58)



Table 2. Comparison of Mean Preoperative and Postoperative
Deltoid Compartment Pressures

Compartment Pressure, Mean � SD, mm Hg

P ValuePreoperative Postoperative

Individual
Anterior 9.5 � 2.7 18.5 � 6.0 <.001
Lateral 10.4 � 2.6 20.3 � 6.5 <.001
Posterior 9.2 � 2.6 20.0 � 6.8 <.001

Overall 9.74 � 2.7 19.7 � 6.5 <.001

SD, standard deviation.
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underwent these procedures prior to ARCR. Sub-
acromial decompression was performed in all patients.
No complications were reported during short-term pa-
tient follow-up.
The mean deltoid pressure in each compartment

(anterior, lateral, and posterior) and the mean overall
deltoid compartment pressure were significantly
elevated when comparing postoperative and preoper-
ative pressures (P < .001 for all) (Table 2). No signifi-
cant association between increase in individual
compartment pressure (anterior, lateral, or posterior)
(Fig 1) or mean overall increase (Fig 2) in compartment
pressures and MEQs of opioid consumption was
appreciated on any day through postoperative day 14
(Fig 3). No significant difference in opioid consumption
was appreciated on any postoperative day in patients
who underwent biceps tenodesis versus those who did
not (P > .05 for all days).

Discussion
The most important finding of this study is that the

individual and mean overall increases in deltoid
compartment pressures after ARCR were not associated
with statistically significant changes in postoperative
opioid consumption. We initially hypothesized that
during ARCR, the extravasation of the fluid into the
deltoid musculature would significantly contribute to
postoperative opioid consumption. However, our re-
sults do not support a relation between the increases in
overall or individual compartment pressures and post-
operative opioid consumption. Whereas some in-
vestigations have cited less postoperative pain as a
reported benefit of ARCR when compared with open
repair,13,14 other studies have challenged this assertion.
Notably, when analyzing 102 patients undergoing
ARCR (50 patients) versus open repair (52 patients),
Williams et al.19 found no difference in days to zero
pain, residual pain, cumulative pain, or opioid con-
sumption when patients were evaluated up to 6 weeks
postoperatively. As such, further investigations are
necessary to identify other surgeon-controlled factors
inherent to ARCR accounting for postoperative pain
and subsequent opioid consumption to further eluci-
date the benefits of ARCR over open repair.
Patients who were actively consuming opioids at the

time of surgery were excluded from this investigation
because of the concern for greater opioid consumption
in the postoperative period, thereby excluding a po-
tential confounding variable in our analysis. Multiple
prior investigations have shown that active opioid use
prior to surgery has a substantial impact on post-
operative outcomes and pain after ARCR. Williams
et al.26 retrospectively analyzed 200 patients undergo-
ing ARCR, of whom 44 self-reported opioid consump-
tion preoperatively or were determined to be actively
consuming opioids preoperatively. The authors found
that patients using opioids prior to surgery required
both a significantly greater number of opioids post-
operatively (1.91 times more; 95% confidence interval,
1.31-2.78) and a longer duration of postoperative
opioid therapy (2.73 times longer; 95% confidence in-
terval, 1.62-4.59) compared with those without not
Fig 1. Graph showing association between
increased opioid consumption (based on
morphine equivalents [MEQ]) and increase
in each deltoid compartment (anterior,
lateral, and posterior) after arthroscopic ro-
tator cuff repair with standard error.



Fig 2. Graph showing association between
increased opioid consumption (based on
morphine equivalents [MEQ]) and overall
mean increase in all deltoid compartments
after arthroscopic rotator cuff repair with
standard error.
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consuming opioids prior to surgery. Meanwhile,
Westermann et al.9 retrospectively analyzed 29,827
ARCR patients to identify variables associated with
prolonged opioid consumption postoperatively. They
found that patients prescribed opioids less than 1 month
prior to surgery were 3.04 times more likely to require
opioids up to 3 months postoperatively whereas those
prescribed opioids 1 to 3 months prior to surgery were
7.45 times more likely to require opioids at 3 months.
Although preoperative opioid consumption is likely
related to the increased prevalence of pre-existing
medical conditions causing pain, it remains imperative
Fig 3. Scatter-plot graphs showing absence of association between
and average (Avg) overall postoperative (Post-Op) compartmen
operative day (POD) 1 to POD 14.
that the orthopaedic surgeon inquire about potential
opioid tolerance or dependence in selecting appropriate
patients for elective ARCR.22

Patients reporting higher preoperative VAS scores
have been found to have greater postoperative pain and
opioid consumption after surgery.19,20,21,32 Kim et al.21

found that high initial VAS scores were associated with
higher-than-average pain scores 12 months after
ARCR. On the contrary, in their evaluation of 181
patients undergoing ARCR, Cuff et al.20 found that
preoperative subjective pain tolerance, namely patient-
reported high pain tolerance, was the most significant
opioid consumption (based on morphine equivalents [MEQ])
t pressures measured immediately after surgery from post-
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predictor of high VAS scores on postoperative days 1
and 7. As such, determination of preoperative pain
levels may be valuable in predicting postoperative pain
tolerance, warranting further investigations identifying
and intervening on factors associated with high pre-
operative VAS scores as a means of decreasing post-
operative opioid consumption.
Inherent within the patient-physician relation is the

value of direct communication. As such, controlling the
opioid epidemic may rely considerably on the ability of
the treating surgeon to communicate with patients
regarding the indications for and expected duration of
opioid consumption after ARCR. Syed et al.32 evaluated
134 patients undergoing ARCR at a single institution,
randomized into those receiving opioid-related educa-
tion preoperatively (68 patients) and those not
receiving any education on opioid usage, side effects,
dependence, or addiction (66 patients). All patients
were provided with the same standardized post-
operative pain management protocol and prospectively
followed up for 3 months. The authors found that pa-
tients receiving preoperative education consumed
significantly fewer opioids at the 3-month follow-up
assessment and were 2.2 times (odds ratio, 2.19; P ¼
.03) more likely to have discontinued opioids by the
end of the follow-up period compared with patients
receiving no education. As such, as the surgical spe-
cialists with the highest odds of prescribing a narcotic
for a noncancer diagnosis,33,34 orthopaedic surgeons
have a critical role in alleviating the opioid epidemic.
Providing patient education while setting expectations
regarding opioid consumption remains a critical
component of the preoperative workup as it relates to
determining appropriate patient selection.

Limitations
This study was not without limitations. On the basis of

our power analysis, this investigation was underpow-
ered to detect even a large effect size, which we largely
attribute to funding, as well as patient compliance with
completing and returning the pain journals. Prior in-
vestigations have shown a history of smoking,20,23

psychiatric conditions,9,24 and osteoporosis35 to affect
rotator cuff healing in patients undergoing ARCR,
leading to potentially higher pain levels in the post-
operative period and prolonged opioid use. Patients
with these conditions were not excluded from our
investigation. As such, the presence of these factors
may have confounded our results. Patients were asked
to complete the pain journals on a daily basis to mini-
mize recall bias. However, as all pain scores and opioid
consumption were patient reported, there is the po-
tential for under- or over-reporting of pain or opioid
consumption, and this cannot be ruled out as a further
confounding variable affecting our analysis. Finally,
given the scrutiny placed on opioid consumption and
the potential for tolerance and abuse, it is possible that
patients were inclined to consume fewer tablets,
resulting in less variability in the quantity of opioids
that would otherwise be consumed.

Conclusions
No significant correlation between increase in indi-

vidual or overall deltoid compartment pressures after
ARCR and postoperative opioid consumption in the
immediate postoperative period was found in this study.
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