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Background: Postoperative pain and analgesic use after arthroscopic rotator cuff repair remain important issues that affect
rehabilitation and overall outcomes.

Purpose: To evaluate the pre- and intraoperative factors that may cause prolonged duration of postoperative pain and
analgesic use.

Study Design: Case-control study; Level of evidence, 3.

Methods: We included 443 patients who underwent arthroscopic rotator cuff repair and subacromial decompression. Visual
analog scale (VAS) scores for pain were obtained preoperatively and at 30 and 90 days postoperatively. Patients were divided into
a group who had prolonged postoperative pain (duration >1 and <3 months; n = 86 patients) and a group with nonprolonged pain
(duration <1 month; n = 357 patients). The following factors were compared between groups: age, sex, body mass index, repair
technique, tear size, retraction amount, repair tension, tendon degeneration, preoperative pseudoparesis, symptom duration,
application of microfracture to the rotator cuff footprint for marrow stimulation, smoking, degree of fatty degeneration, preoperative
narcotic analgesic use, diabetes, acromioclavicular joint degeneration, and preoperative Douleur Neuropathique 4 (DN4) and
American Shoulder and Elbow Society (ASES) scores.

Results: Significant differences were seen between the prolonged and nonprolonged groups regarding the median duration of
pain (54 vs 27 days, respectively; P < .001) and analgesic use (42 vs 28 days, respectively; P < .001). Significant differences were
noted between the groups for symptom duration (P = .007), smoking status (P = .001), degree of fatty degeneration (P = .009),
preoperative narcotic analgesic use (P < .001), preoperative DN4 and ASES scores, 30-day VAS score (P < .001), duration of
opioid and nonopioid analgesic use (P < .001), tear size (P = .026), and retraction stage (P = .032). Tear size (P = .009), retraction
amount (P = .005), preoperative narcotic analgesic use (P < .001), degree of fatty degeneration (P < .001), and preoperative DN4
score (P = .024) were factors independently associated with prolonged postoperative pain and analgesic use.

Conclusion: Patients with larger size tears, retracted tendons, preoperative use of narcotic analgesics, higher tensioned tendon
after repair, and Goutallier grade 3 or 4 fatty degeneration faced an increased risk of prolonged postoperative pain and analgesic
use after arthroscopic rotator cuff repair. These factors might be mitigated by psychosocial support; gentle, controlled, and
individualized postoperative rehabilitation approaches; detailed preoperative evaluation; and closer follow-up of patients who are
treated operatively.
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Postoperative pain remains an important issue in
arthroscopic surgical repair of the rotator cuff.3* Acute
pain is an unpleasant physical, emotional, and mental sen-
sation that affects quality of life, psychological status, and
behavior. Postoperative pain usually continues for hours
to days, rarely weeks to a month.'* The pain should be
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alleviated as soon as possible to improve patients’ quality
of life, promote healing, allow rehabilitation, and prevent
complications.?® Although increasing evidence is available
regarding methods that reduce postoperative pain, many
patients experience prolonged acute postoperative pain.'?

Several analgesic techniques have been developed for
postoperative pain after arthroscopic rotator cuff repair,
including cryotherapy, intralesional analgesia (injection
of analgesics into the lesion), suprascapular nerve blocks
with or without axillary nerve block, interscalene brachial
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plexus blocks, and indwelling interscalene catheters.®
Although the efficacy of these techniques has been reported
in several studies, they have the potential for complications
and risks such as nausea, vomiting, respiratory failure,
hypotension, paralysis, and dysuria and can be used for
only a limited number of days.?® Increased duration of
acute postoperative pain causes increased use of opioid and
nonopioid analgesics.2’ Opioid analgesics are widely
accepted as the gold standard for postoperative analgesia
after orthopaedic procedures.'?>3® However, opioid analge-
sics have several adverse effects as well as the potential for
abuse. Currently, the prolonged use of opioid analgesics is a
global problem.?

Various studies in the literature have targeted acute and
chronic postoperative pain. Subjective pain tolerance, pre-
operative use of narcotic analgesics, smoking, and younger
patient age were all found to be associated with higher
acute postoperative pain scores.® However, high initial
visual analog scale (VAS) score, acute onset of pain, and
internal rotation stiffness were associated with higher
scores in the late postoperative period.'® Prolonged postop-
erative pain after arthroscopic surgery for rotator cuff
repair has not been evaluated previously.®?83%3% There-
fore, it is important to identify pre- and intraoperative fac-
tors that could be associated with prolonged postoperative
pain and analgesic use, allowing surgeons to manage these
cases and develop subsequent strategies. This study aimed
to evaluate pre- and intraoperative risk factors for pro-
longed postoperative pain and analgesic use after arthro-
scopic rotator cuff repair. Our hypothesis was that certain
pre- and intraoperative factors would correlate with the
subset of patients who would experience a longer duration
of pain and analgesic use.

METHODS
Patients

The protocol of this retrospective case-control study was
approved by an institutional ethics review board. We
retrospectively collected the data of 618 patients who
underwent arthroscopic rotator cuff repair performed by
2 surgeons (H.S. and A.G.) between January 2010 and
August 2019 in 3 different centers.

To evaluate prolonged postoperative pain and analgesic
use in a homogeneous group, we determined several inclu-
sion and exclusion criteria. The inclusion criteria were as
follows full-thickness rotator cuff tear that was repaired
arthroscopically, single- or double-row repair technique,
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and arthroscopic subacromial decompression and biceps
tenotomy in addition to rotator cuff repair. The exclusion
criteria were concomitant labral or cartilage pathology (14
patients), distal clavicle excision along with rotator cuff
repair (12 patients), massive tear managed with a partial
repair (11 patients), concomitant glenohumeral osteoar-
thritis at the time of repair (11 patients), history of intra-
articular injection 3 months before surgery (24 patients),
preoperative shoulder stiffness (14 patients), retear develop-
ment in the first postoperative 3 months (according to phys-
ical examination findings and magnetic resonance imaging)
(10 patients), revision rotator cuff repair (17 patients), his-
tory of surgery for ipsilateral or contralateral upper extrem-
ity (6 patients), history of inflammatory disease (3 patients),
and postoperative pain >3 months in duration (53 patients).
After application of the exclusion criteria, 443 patients (314
women and 129 men; 357 nonprolonged and 86 prolonged
postoperative pain and analgesic use) were included in the
study.

Prolonged postoperative pain was defined as pain that
continued >1 month but <3 months postoperatively. Pro-
longed postoperative analgesic use was defined as the rou-
tine use of either an opioid or nonopioid analgesic due to
pain for 1 to 3 months postoperatively.

Preoperative Factors

Preoperative factors included age (<60 or >60 years), sex,
body mass index, pseudoparesis (<90° of active elevation
with free passive motion),?® time from symptoms to surgery
(duration of symptoms, months), smoking status (current
and previous 1 year), degree of fatty degeneration (accord-
ing to Goutallier classification),'® history of preoperative
narcotic analgesic use for >6 weeks before surgery, diabe-
tes, acromioclavicular joint degeneration that did not
require distal clavicle resection, 10-point VAS score, Dou-
leur Neuropathique 4 (DN4) score (a score of >4 indicates
neuropathic pain),?! and American Shoulder and Elbow
Surgeons (ASES) score.?

Intraoperative Factors

Intraoperative factors included repair technique (single
or double row), tear size (anterior-posterior length: small,
<1 cm; medium, 1-3 cm; large, >3 to 5 cm; and massive,
>5 c¢m),?? retraction amount (stage 1, proximal stump
close to enthesis or bony insertion; stage 2, proximal stump
at humeral head; stage 3, proximal stump at glenoid),?® ten-
don degeneration (mild to moderate degeneration or severe
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degeneration according to macroscopic appearance), and
application of microfracture to the rotator cuff footprint for
marrow stimulation.

Surgical Technique and Rehabilitation

All surgical procedures were performed with patients receiv-
ing a combination of interscalene block and general anesthe-
sia. Patients were positioned in the beach-chair position.
Diagnostic arthroscopy was performed prior to the repair
process. All long heads of the bicep tendons underwent
tenotomy (older patients, >60 years) or tenodesis (younger
patients, <60 years). Then the arthroscope was placed into
the subacromial space, and a bursectomy was performed to
elucidate the tear pattern. A single- or double-row repair
technique was used according to tear size and configuration.
Repairs were performed using TwinFix suture anchor with
UltraBraid suture or Footprint PK suture anchor (Smith &
Nephew). Subacromial decompression and release of ante-
rior aspect of the coracoacromial ligament were performed
after rotator cuff repair.

An immobilizer was used postoperatively for 6 weeks.
Pendulum exercises were started immediately postopera-
tively. For the first 6 weeks, patients were allowed to per-
form pendulum exercises with active elbow, wrist, and
hand involvement for 10 minutes, 3 times a day. Passive
range of motion was allowed at weeks 6 through 8, active-
assisted range of motion at weeks 8 through 10, and active
range of motion at weeks 10 through 12. A strengthening
program was started at the 12th week. The rehabilitation
program was formalized and guided by a therapist.

Assessment of Postoperative Pain and Analgesic Use

Postoperative analgesics for all patients during hospitali-
zation included 50 mg of tramadol and 500 mg of acetamin-
ophen every 6 to 8 hours. After discharge, patients were
prescribed 2 or 3 50-mg tramadol pills twice a day and 1
or 2 500-mg acetaminophen pills every 12 hours, in combi-
nation with 750 mg of naproxen once a day.

Patients’ pain levels at rest as well as their range of
motion were assessed at 30 and 90 days postoperatively
during clinic visits. The 10-point VAS scale was used in
the pain assessment, in which 0 indicated no pain and 10
indicated the worst pain. Patients were also asked to mark
the last time they regularly used analgesics (opioids and
others separately) on the 30- and 90-day calendars.

Statistical Analysis

The mean, standard deviation, median, lowest and highest,
frequency, and ratio values were used in descriptive statis-
tics of data. Distribution of variables was determined using
the Kolmogorov-Smirnov test. The independent-samples #
test and Mann-Whitney U test were used to analyze inde-
pendent quantitative data, and the chi-square test was
used to analyze independent qualitative data. The Pearson
correlation coefficient () was used to evaluate correlation
between factors; r was defined as very strong when >0.90,
strong between 0.70 and 0.90, moderate between 0.50 and
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TABLE 1
Patient Characteristics Overall
and Compared Between Groups®

Nonprolonged  Prolonged
Pain and Pain and
All Analgesic Use Analgesic
Patients (n = 357, Use (n = 86;
(N =443) 80.6%) 19.4%) P
Age 574
<60y 184 (41.5) 145 (40.6) 39 (44.8)
>60y 259 (58.5) 212 (59.4) 47 (55.2)
Sex .088
Female 314 (70.9) 261 (73.1) 53 (61.6)
Male 129 (29.1) 96 (26.9) 33 (38.4)
Body mass 28.5+ 3.0 28.3+ 3.0 28.8+3.2 763
index, kg/m?
Symptom 10.3+84 9.2+77 10.8 £ 8.0 .007
duration, mo
Smoker .001
Yes 85 (19.2) 56 (15.6) 29 (33.7)
No 358 (80.8) 301 (84.4) 57 (66.3)

“Data are reported as n (%) or mean + SD. Bolded P values
indicate statistically significant differences between the 2 groups.

0.70, fair between 0.30 and 0.50, and negligible when
<0.30.%°

Uni- and multivariate logistic regression analyses were
performed to define independent pre- and intraoperative
risk factors for prolonged pain and analgesic use after
arthroscopic rotator cuff repair. P <.05 was considered sta-
tistically significant. SPSS Version 22.0 (IBM) was used in
all statistical analyses.

RESULTS

This study included 443 patients who underwent arthro-
scopic repair for a full-thickness rotator cuff tear. The mean
age of the included patients was 60.1 £ 9.5 years (range,
27-78 years). Patients were evaluated for at least 6 months
postoperatively (range, 6-87 months). Patient information
is provided in Table 1.

Retear developed in 13 patients (15.1%) in the group with
prolonged pain and in 41 patients (11.5%) in the group with
nonprolonged pain (P = .296). Postoperative shoulder
stiffness developed in 16 patients (18.6%) with prolonged
pain and in 57 patients (16.0%) with nonprolonged pain
(P =.774). Table 2 shows the results of the pre-, intra-, and
postoperative clinical evaluations and the mean opioid and
nonopioid analgesic use.

Significant difference were seen between the prolonged
and nonprolonged groups regarding the median duration
of pain (54 vs 27 days, respectively; P < .001) and analge-
sic use (42 vs 28 days, respectively; P < .001). Significant
differences were noted in the duration of symptoms (P =
.007), smoking status (P = .001), degree of fatty degener-
ation (Goutallier grade >2) (P = .009), preoperative nar-
cotic analgesic use (P < .001), preoperative DN4 score
(P < .001), preoperative ASES score (P < .001), 30-day
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TABLE 2
Pre-, Intra-, and Postoperative Clinical Characteristics Overall and Compared Between Groups®

All Patients

Prolonged Pain
and Analgesic Use

Nonprolonged Pain
and Analgesic Use

(N = 443) (n = 357; 80.6%) (n = 86; 19.4%) P Value
Pseudoparesis .455
Yes 104 (23.5) 81 (22.6) 23 (26.7)
No 339 (76.5) 276 (77.4) 63 (73.3)
Goutallier degree of fatty degeneration
1 115 (26.0) 105 (29.4) 10 (11.6) .026
2 206 (46.5) 177 (49.6) 29 (33.7) .047
3 107 (24.1) 68 (19.0) 39 (45.4) .001
4 15 (3.4) 7(2.0) 8(9.3) .009
Preoperative narcotic analgesic use <.001
Yes 83 (18.8) 32 (9.9 51 (59.3)
No 360 (81.2) 325 (90.1) 35 (40.7)
Diabetic .168
Yes 111 (25.1) 83 (23.3) 28 (32.5)
No 332 (74.9) 274 (76.7) 58 (67.5)
Mild or moderate symptomatic acromioclavicular joint degeneration 222
Yes 147 (43.4) 113 (31.6) 34 (34.3)
No 296 (56.6) 244 (68.4) 52 (65.7)
Preoperative DN4 score 2 [0-9] 1 [0-3] 6 [4-9] <.001
Preoperative ASES score 44.6 +16.1 47.0+ 155 33.7+13.1 <.001
Preoperative VAS score 6 [4-10] 6 [4-10] 7 [5-10] .376
30-day VAS score 4 [2-10] 4 [2-10] 7 [3-10] <.001
90-day VAS score 2 [1-9] 2 [1-4] 3 [1-9] .207
In-hospital opioid analgesic requirement, times per day 3 [2-6] 3 [2-6] 4 [2-6] 519
In-hospital nonopioid analgesic requirement, times per day 2 [1-4] 2 [2-4] 3 [1-4] .096
Duration of opioid analgesic use after discharge, days 21 [5-79] 15 [5-15] 36 [6-79] <.001
Duration of nonopioid analgesic use after discharge, days 28 [4-72] 28 [10-28] 42 [4-72] <.001
Patients using opioid analgesics >30 days 37 (8.4) 6 (1.7) 31 (36.0) <.001
Repair technique 677
Single row 176 (39.7) 144 (40.4) 32(37.2)
Double row 267 (60.3) 213 (59.6) 54 (62.8)
Tear size .026
Small (<1 cm) 64 (14.5) 49 (13.7) 15 (17.5)
Medium (1-3 cm) 204 (46.0) 175 (49.0) 29 (33.7)
Large (>3-5 cm) 147 (33.2) 126 (35.3) 21 (24.4)
Massive (>5 cm) 28 (6.3) 7(2.0) 21 (24.4)
Retraction amount .032
Stage 1 187 (42.2) 155 (43.4) 32(37.1)
Stage 2 203 (45.7) 168 (45.7) 35(37.1)
Stage 3 58 (13.1) 39 (10.9) 19 (35.8)
Tendon degeneration .819
Yes 135 (30.5) 107 (30.0) 28 (32.6)
No 308 (69.5) 250 (70.0) 58 (67.4)
Microfracture to the rotator cuff footprint for marrow stimulation .107
Yes 369 (83.3) 303 (84.8) 66 (76.7)
No 74 (16.7) 54 (15.2) 20 (23.3)

“Data are reported as mean * SD, n (%), or median [range]. Bolded P values indicate statistically significant differences between the 2
groups. ASES, American Shoulder and Elbow Surgeons; DN4, Douleur Neuropathique 4;VAS, visual analog scale.

VAS score (P < .001), duration of opioid and nonopioid anal-
gesic use (P < .001 for both), tear size (P = .026), and retrac-
tion stage (P = .032) between patients with prolonged and
nonprolonged pain and analgesic use (Tables 1 and 2).

Tear size (P = .009), amount of tendon retraction (P = .005),
preoperative use of narcotic analgesics >6 weeks (P < .001),
degree of fatty degeneration (P < .001), and preoperative DN4
score >4 (P = .024) were found to be independently associated

with prolonged postoperative pain and analgesic use in the
multivariate logistic regression analysis (Table 3).

DISCUSSION

The most important findings of this study were that
patients with a larger tear size, higher amount of tendon
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TABLE 3
Pre- and Intraoperative Factors Affecting Prolonged
Postoperative Pain and Use of Analgesics®

Variable Odds Ratio P

Tear size >3 cm 1.736 .009
Stage 3 retraction 2.115 .005
Preoperative narcotic analgesic use >6 weeks 6.999 <.001
Goutallier grade 3 and 4 fatty degeneration 7.018 <.001
Preoperative DN4 score >4 2.232 .024
Symptom duration >6 months 0.809 .654
Preoperative ASES score >35 0.919 746

“Bolded P values indicate statistical significance. ASES,
American Shoulder and Elbow Surgeons; DN4, Douleur Neuro-
pathique 4.

retraction, preoperative narcotic analgesic use >6 weeks,
Goutallier grade 3 or 4 fatty infiltration, or preoperative
DN4 score >4 tended to have prolonged (30-90 days post-
operatively) postoperative pain and analgesic use after
arthroscopic rotator cuff repair. Fatty infiltration and
DN4 score were studied as risk factors for the first time
in the evaluation of postoperative pain after arthroscopic
rotator cuff repair.

Among shoulder arthroscopy procedures, rotator cuff
surgery is the most painful procedure in the early postop-
erative period.>? The factors associated with early and late
postoperative pain levels were previously identified. Cuff
et al® reported that subjective pain tolerance, preoperative
use of narcotic analgesics, smoking, and young patient age
were predictive of higher acute postoperative pain scores.
Kim et al'® evaluated factors that affect pain in the first
year postoperatively and reported that a high initial VAS
score, acute onset of pain, and internal rotation stiffness
were associated with higher than mean pain scores in the
first 12 months. In our study, tear size (>3 cm), stage 3
tendon retraction, preoperative use of narcotic analgesics
(>6 weeks), fatty degeneration (grade 3 and 4), and preop-
erative DN4 score (>4) were independently associated with
the development of prolonged postoperative pain and anal-
gesic use after arthroscopic repair of full-thickness rotator
cuff tears.

Acute postoperative pain generally lasts for days; it
rarely persists for >1 month. Pain is defined as chronic if
it lasts for >3 months.® We identified prolonged acute post-
operative pain as lasting between 1 and 3 months. Pro-
longed acute postoperative pain causes delayed recovery
and impairs quality of life.!® In addition, the risk of
analgesic-related morbidities increases with prolonged
acute pain.!°

In contrast to our study and the generally accepted idea
that postoperative pain duration is correlated with tear
size, Yeo et al*® showed that smaller rotator cuff tears (in
terms of both tear area and thickness) were associated with
more pain at 6 weeks, 3 months, and 6 months postopera-
tively.*° This finding may be attributed to increased neoan-
giogenesis, new nerve growth, and inflammation after
repair of smaller tears.?2?43° New nerve fibers are more
prone to pain sensitivity, as previously shown in Achilles
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tendinopathy, intervertebral disk pathology, and rotator
cuff tears.11?331 However, in our study, we found a 1.736-
fold increased risk for prolonged postoperative acute pain
and analgesic use in tears >3 c¢m in size. There may be
other factors, such as degree of preoperative tendon degen-
eration, that are associated with prolonged postoperative
pain.

Pulling the edge of the retracted rotator cuff tendon to
the bone and then fixing the tendon to the bone may cause
tension in the repair site and increased neural stimuli.’
Davidson and Rivenburgh® reported that elevated tension
of the repair was associated with worse postoperative pain
scores. In our study, a 2.115-fold increased risk of prolonged
acute postoperative pain was found in stage 3 retracted
tears. Proper release of retracted tendon may decrease
repair tension and postoperative duration of pain.

History of preoperative narcotic analgesic use of
>6 weeks was previously reported to be associated with
higher acute postoperative pain levels and with possible
hyperalgesia.”® Moreover, such a history was associated
with postoperative adverse events and worse clinical out-
comes.'®19:2%41 1n ogur study, we found 6.999-fold
increased risk of prolonged acute postoperative pain in
patients with a history of preoperative narcotic analgesic
use >6 weeks.

Fatty degeneration and atrophy of the rotator cuff mus-
cles have previously been identified as important prognos-
tic factors for anatomic and functional outcomes after
rotator cuff repair.! However, the effect of the degree of
fatty infiltration on acute postoperative pain has not been
previously evaluated. Degenerative changes such as atro-
phy and shrinkage of the muscle fibers, increased fibrosis,
fatty accumulation around the muscle, and decreased
regeneration capacity may play a role in the duration of
postoperative pain after arthroscopic rotator cuff repair.
In this study, we found a 7.018-fold increased risk of pro-
longed acute postoperative pain in patients with Goutallier
grade 3 and 4 fatty degeneration. To the best of our knowl-
edge, this is the first study to evaluate the association
between the degree of fatty degeneration and prolonged
postoperative pain and analgesic use. Our data could be
used as a reference for future investigations to predict
patients who will experience prolonged postoperative pain
and analgesic use after arthroscopic rotator cuff repair.

Neuropathic pain is a distressing condition, and the
management thereof is difficult. The prevalence of neuro-
pathic pain in the general population has been estimated to
be 7%.* In patients with rotator cuff tears, the prevalence of
neuropathic pain has been found to be as high as
15.8%.1517:18 The DN4 score is a reliable, validated, quick,
and sensitive tool for evaluating neuropathic pain.?” How-
ever, the effect of neuropathic pain on acute pain and anal-
gesic use after surgery has never before been evaluated. In
our study, we found neuropathic pain in 18.3% of patients.
We found a 2.232-fold increased risk of prolonged acute
postoperative pain in patients with a preoperative DN4
score >4. To achieve improved patient satisfaction, effec-
tive pain control, and proper analgesic use in patients with
rotator cuff tear, surgeons may evaluate neuropathic pain
using the DN4 score preoperatively.
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There are several limitations of this study, the major one
being its retrospective nature. Moreover, we included only
full-thickness tears, and the levels and duration of pain
might be different from those after the repair of partial-
thickness rotator cuff tears. The postoperative pain regi-
men was nonstandardized. Pain reporting did not include
a finite method such as a pain diary. Variability in the
patients’ adherence to the physical therapy program prob-
ably had a large effect on postoperative pain duration.
Muscular imbalance, a possible cause of prolonged postop-
erative pain, was not assessed. Psychosocial factors might
affect patients’ pain status; therefore, using the 36-Item
Short Form Health Survey to evaluate quality of life would
be beneficial. Early postoperative VAS evaluation would
give more objective comparative results. Finally, some fac-
tors such as smoking could not be defined as independent
risk factors, a result that might be associated with the close
correlation between smoking and preoperative use of nar-
cotic analgesics. Independence depends on the variable
included in a model. In the simultaneous presence of
2 closely correlated factors in a model, 1 or both may lose
the ability of independent prediction, even if both variables
are highly significant independent risk factors.®

CONCLUSION

Larger size tears, retracted tendons, preoperative use of
narcotic analgesics, higher tensioned tendon after repair,
and Goutallier grade 3 or 4 fatty degeneration are indepen-
dent risk factors for prolonged postoperative pain and anal-
gesic use after arthroscopic rotator cuff repair. These
factors might be mitigated by psychosocial support; gentle,
controlled, and individualized postoperative rehabilitation
approaches; detailed preoperative evaluation; and closer
follow-up of patients who are treated operatively.

REFERENCES

1. Abtahi AM, Granger EK, Tashjian RZ. Factors affecting healing
after arthroscopic rotator cuff repair. World J Orthop. 2015;6(2):
211-220.

2. Bhadelia A, De Lima L, Arreola-Ornelas H, Kwete XJ, Rodriguez
NM, Knaul FM. Solving the global crisis in access to pain relief:
lessons from country actions. Am J Public Health. 2019;109(1):
58-60.

3. Booker S, Alfahad N, Scott M, Gooding B, Wallace WA. Use of scoring
systems for assessing and reporting the outcome results from shoul-
der surgery and arthroplasty. World J Orthop. 2015;6(2):244-251.

4. Bouhassira D, Lanteri-Minet M, Attal N, Laurent B, Touboul C. Prev-
alence of chronic pain with neuropathic characteristics in the general
population. Pain. 2008;136:380-387.

5. Brotman DJ, Walker E, Lauer MS, O’Brien RG. In search of fewer
independent risk factors. Arch Intern Med. 2005;165(2):138-145.

6. Chou R, Gordon DB, de Leon-Casasola OA, et al. Management of
postoperative pain: a clinical practice guideline from the American
Pain Society, the American Society of Regional Anesthesia and Pain
Medicine, and the American Society of Anesthesiologists’ Committee
on Regional Anesthesia, Executive Committee, and Administrative
Council. J Pain. 2016;17(2):131-157.

7. Colvin LA, Bull F, Hales TG. Perioperative opioid analgesia—when is
enough too much? A review of opioid-induced tolerance and hyper-
algesia. Lancet. 2019;393(10180):1558-1568.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

The Orthopaedic Journal of Sports Medicine

. Cuff DJ, O’Brien KC, Pupello DR, Santoni BG. Evaluation of factors

affecting acute postoperative pain levels after arthroscopic rotator
cuff repair. Arthroscopy. 2016;32(7):1231-1236.

. Davidson PA, Rivenburgh DW. Rotator cuff repair tension as a deter-

minant of functional outcome. J Shoulder Elbow Surg. 2000;9(6):
502-506.

Fischer B, Jones W, Urbanoski K, Skinner R, Rehm J.Correlations
between prescription opioid analgesic dispensing levels and related
mortality and morbidity in Ontario, Canada, 2005-2011. Drug Alcohol
Rev. 2014;33(1):19-26.

Freemont AJ, Peacock TE, Goupille P, Hoyland JA, O’Brien J, Jayson
MIV. Nerve ingrowth into diseased intervertebral disc in chronic back
pain. Lancet. 1997;350(9072):178-181.

Gan TJ. Poorly controlled postoperative pain: prevalence, conse-
quences, and prevention. J Pain Res. 2017;10:2287-2298.

Gilbert F, Béhm D, Eden L, et al. Comparing the MRI-based Goutallier
classification to an experimental quantitative MR spectroscopic fat
measurement of the supraspinatus muscle. BMC Musculoskelet Disord.
2016;17(1):355.

Gupta A, Kaur K, Sharma S, Goyal S, Arora S, Murthy RS. Clinical
aspects of acute post-operative pain management and its assess-
ment. J Adv Pharm Technol Res. 2010;1(2):97-108.

Karasugi T, Ide J, Kitamura T, Okamoto N, Tokunaga T, Mizuta H.
Neuropathic pain in patients with rotator cuff tears. BMC Musculos-
kelet Disord. 2016;17(1):451.

Kim CW, Kim JH, Kim DG. The factors affecting pain pattern
after arthroscopic rotator cuff repair. Clin Orthop Surg. 2014;6:
392-400.

Ko S, Choi C, Kim S, Chae S, Choi W, Kwon J. Prevalence and risk
factors of neuropathic pain in patients with a rotator cuff tear. Pain
Physician. 2018;21(2):e173-e180.

Laufenberg-Feldmann R, Kappis B, Mauff S, Schmidtmann |, Ferner
M. Prevalence of pain 6 months after surgery: a prospective obser-
vational study. BMC Anesthesiol. 2016;16(1):91.

Lee D, Armaghani S, Archer KR, et al. Preoperative opioid use as a
predictor of adverse postoperative self-reported outcomes in
patients undergoing spine surgery. J Bone Joint Surg Am. 2014;
96:e89.

Luo J, Min S. Postoperative pain management in the postanesthesia
care unit: an update. J Pain Res. 2017;10:2687-2698.

Matsuki Y, Sukenaga N, Miyagi K, et al. Reliability and validity of the
Japanese translation of the DN4 Diagnostic Questionnaire in patients
with neuropathic pain. J Anesth. 2018;32(3):403-408.

Matthews TJW, Hand GC, Rees Jl, Athanasou NA, Carr AJ.
Pathology of the torn rotator cuff tendon: reduction in potential
for repair as tear size increases. J Bone Joint Surg Br. 2006;
88(4):489-495.

Mayer DJ, Mao J, Holt J, Price DD. Cellular mechanisms of neuro-
pathic pain, morphine tolerance, and their interactions. Proc Nat/
Acad Sci U S A. 1999;96:7731-7736.

Millar NL, Hueber AJ, Xu Y, Fazzi UG, Murrell GAC, Mcinnes IB.
Inflammation is present in early human tendinopathy. Am J Sports
Med. 2010;38(10):2085-2091.

Mukaka MM. Statistics corner: a guide to appropriate use of cor-
relation coefficient in medical research. Malawi Med J. 2012;24(3):
69-71.

Patte D. Classification of rotator cuff lesions. Clin Orthop Relat Res.
1990;254:81-86.

Pivec R, Issa K, Naziri Q, Kapadia BH, Bonutti PM, Mont MA. Opioid
use prior to total hip arthroplasty leads to worse clinical outcomes.
Int Orthop. 2014;38:1159-1165.

Pogatzki-Zahn EM, Segelcke D, Schug SA. Postoperative pain—from
mechanisms to treatment. Pain Rep. 2017;2(2):e588.

Post M, Silver R, Singh M. Rotator cuff tear: diagnosis and treatment.
Clin Orthop Relat Res. 1983;173:78-91.

Rasmussen JK, Nikolajsen L, Bjernholdt KT. Acute postoperative pain
after arthroscopic rotator cuff surgery: a review of methods of pain
assessment. SICOT J. 2018;4:49.



The Orthopaedic Journal of Sports Medicine

31.

32.

33.

34.

35.

Schubert TE, Weidler C, Lerch K, Hofstadter F, Straub RH. Achilles
tendinosis is associated with sprouting of substance P positive nerve
fibres. Ann Rheum Dis. 2005;64(7):1083-1086.

Stiglitz Y, Gosselin O, Sedaghatian J, Sirveaux F, Molé D. Pain after
shoulder arthroscopy: a prospective study on 231 cases. Orthop
Traumatol Surg Res. 2011;97(3):260-266.

Tokish JM, Alexander TC, Kissenberth MJ, Hawkins RJ. Pseudopar-
alysis: a systematic review of term definitions, treatment approaches,
and outcomes of management techniques. J Shoulder Elbow Surg.
2017;26(6):e177-e187.

Toma O, Persoons B, Pogatzki-Zahn E, Van de Velde M, Joshi GP;
PROSPECT Working Group collaborators. PROSPECT guideline for
rotator cuff repair surgery: systematic review and procedure-specific
postoperative pain management recommendations. Anaesthesia.
2019;74(10):1320-1331.

Tonotsuka H, Sugaya H, Takahashi N, Kawai N, Sugiyama H, Marumo
K. Preoperative pain control in arthroscopic rotator cuff repair: does it
matter? Clin Orthop Surg. 2019;11(2):192-199.

36.

37.

38.

39.

40.

41.

Pain and Analgesic Use After Rotator Cuff Repair 7

Treede RD, Rief W, Barke A, et al. A classification of chronic pain for
ICD-11. Pain. 2015;156(6):1003-1007.

Unal-Cevik |, Sarioglu-Ay S, Evcik D. A comparison of the DN4 and
LANSS questionnaires in the assessment of neuropathic pain: validity
and reliability of the Turkish version of DN4. J Pain. 2010;11(11):
1129-1135.

Uquillas CA, Capogna BM, Rossy WH, Mahure SA, Rokito AS. Post-
operative pain control after arthroscopic rotator cuff repair. J Shoul-
der Elbow Surg. 2016;25(7):1204-1213.

Xu'Y, Bonar F, Murrell GA. Neoinnervation in rotator cuff tendinopa-
thy. Sports Med Arthrosc Rev. 2011;19:354-359.

Yeo DY, Walton JR, Lam P, Murrell GA. The relationship between
intraoperative tear dimensions and postoperative pain in 1624 con-
secutive arthroscopic rotator cuff repairs. Am J Sports Med. 2017;
45(4):788-793.

Zywiel MG, Stroh DA, Lee SY, Bonutti PM, Mont MA. Chronic opioid
use prior to total knee arthroplasty. J Bone Joint Surg Am. 2011;93:
1988-1993.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


