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Abstract

Background Rotator cuff repair is a successful treatment

in terms of patient satisfaction and pain relief regardless of

the repair method. Although arthroscopic repair is com-

monly thought to be less painful than open or miniopen

repair, studies disagree on this point.

Questions/purposes We wished to compare the results of

patient-reported postoperative pain after open versus

arthroscopic rotator cuff repair and to identify any pre-

dictors of various pain outcomes in these groups.

Methods One-hundred two patients (52 with open repair,

50 with arthroscopic repair) participated. Preoperatively,

patients reported pain levels and self-perceived pain tol-

erance, and they underwent a test for an objective

measurement of pain tolerance. Intraoperative variables

included surgery duration and size of the tear. Postopera-

tively, patients maintained a pain log for 6 weeks,

reporting daily pain (VAS) and narcotic consumption.

Outcome variables included days to zero pain, the presence

of residual pain, weekly pain levels, and cumulative

6-week pain level. Age, sex, tear size, pain tolerance,

surgery duration, and self-reported preoperative pain were

analyzed as possible predictors of postoperative pain. This

study was powered (b = 0.2 and a = 0.05) to detect a

difference of 10% in the VAS and postoperative analgesic

use with a requirement of 50 patients in each arm.

Results Days to zero pain (mean, 28.8 days, 95% CI,

24.8–32.8 days versus 27.6 days, 95% CI, 23.3–31.9 days

for open versus arthroscopic, respectively; p = 0.69) were

not different between the open and arthroscopic repair

groups. There were differences of questionable clinical

relevance and borderline statistical significance favoring

arthroscopic intervention in the second postoperative week

(2.3 versus 3.2 of 10 on the VAS; p = 0.045). Otherwise,

no differences were seen between the two groups in terms

of residual pain, cumulative pain, or medication use.

Consistent predictors of postoperative pain affecting mul-

tiple outcome measures included severe preoperative pain,

smaller tear size, and female sex.

Conclusions There were no differences of clinically rel-

evant size between arthroscopic and open rotator cuff

surgery in this comparative series. Therefore, the choice of

arthroscopic rotator cuff repair should not be based on

decreased postoperative pain.

Level of Evidence Level II, therapeutic study. See the

Instructions or Authors for a complete description of levels

of evidence.

Introduction

Beginning in the late 1980s, surgeons began to perform

rotator cuff repairs arthroscopically because of the poten-

tial benefits of smaller incisions, less trauma to the deltoid,

ability to address concomitant disorders, better patient
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acceptance, and less postoperative pain [8, 18]. Early

experience revealed that, despite these potential benefits,

postoperative rerupture rates were greater with arthro-

scopic repair compared with open repair [7, 37]. During the

last two to three decades, however, the popularity of

arthroscopic cuff repair has increased as surgical technique

and technology have improved and patient-reported out-

come scores and objective outcomes, such as retear rates,

have approached those for open techniques, especially with

smaller tears [12, 14, 19, 22, 25].

Almost all clinical outcome measures for patients

undergoing open or arthroscopic rotator cuff repair incor-

porate some determination of pain at final followup.

Although arthroscopic repair is thought to be less painful

than open or miniopen repair, studies disagree on this point

[3, 13, 14, 17, 26, 32]. One of these studies reported

decreased pain with the miniopen compared with arthro-

scopic repair in the fourth postoperative week [14].

However, that study had a small sample size (n = 17 in

arthroscopic and miniopen groups) and patients rated their

pain on a weekly rather than daily basis. Another study was

unable to detect a difference in postoperative pain (decreased

in the arthroscopic group) until 6 months after surgery [13].

Pain with either approach within 6 weeks can be severe and

likely has a substantial effect on patient satisfaction.

Anecdotally, our practice receives a large number of

patient calls on the evening of and day after outpatient

arthroscopic cuff repairs. Because of this, we hypothesized

that early (6 weeks) postoperative pain after open or

arthroscopic rotator cuff repair would not differ.

The purposes of our study, therefore, were to compare

postoperative pain during the first 6 weeks after open

versus arthroscopic rotator cuff repair, specifically evalu-

ating (1) duration of postoperative pain; (2) residual pain at

the end of followup; (3) average weekly pain and analgesic

use; and (4) cumulative pain and analgesic use. Our sec-

ondary aim was to identify factors that are predictive of

pain using these parameters.

Patients and Methods

Before enrollment of patients, approval was obtained from

the institutional review board. Potential patients were

scheduled to undergo an open or arthroscopic rotator cuff

repair with an acromioplasty. All open repairs were per-

formed by one senior author (JMF) and all arthroscopic

repairs were done by another (GRW). Patients presenting

with a concomitant shoulder disorder, prior rotator cuff

repair, history of hypersensitivity to or abuse of narcotics,

fibromyalgia, or patients collecting workers compensation

or long-term disability were excluded. During this time,

150 patients potentially meeting the inclusion criteria

underwent open rotator cuff repair while 307 patients

potentially meeting the inclusion criteria underwent

arthroscopic rotator cuff repair. Attempts were made to

obtain consent from all patients meeting inclusion criteria.

One hundred forty-five subjects consented to participation

in the study and were enrolled between May 2007 and May

2010. Of these, 58 had open rotator cuff repairs and 87 had

arthroscopic repairs. Of these, 52 patients who had open

repairs (90%) and 50 who had arthroscopic repairs (57%)

filled out their pain diaries.

Preoperative Pain Evaluation

In a pilot study regarding pain after open rotator cuff repair

(data unpublished), our group found a significant relation-

ship between a preoperative pain tolerance test, the Ouch!

Test, preoperative pain level (mild, moderate, and severe),

and postoperative pain measures. However, for purposes of

the current study, the Ouch! Test should be considered an

unvalidated outcomes instrument. The patients in the cur-

rent study were tested using the Ouch! Test to identify any

selection bias based on individual pain tolerance in either

group. In brief, the Ouch! Test is performed with a 3-foot

tube with openings at 1-foot intervals. During administra-

tion of the test, patients place their index finger in an

opening at the base of the device while closing their eyes.

A lead ball then is dropped on the fingernail of each index

finger from the openings at heights of 1, 2, and 3 feet. After

each stimulus, patients reported their pain on a scale of 0 to

10. In addition, patients were asked to report their self-

perceived pain tolerance preoperatively on a scale of 0 (no

tolerance) to 10 (extreme tolerance).

Surgical Technique

Open repair of the rotator cuff was performed in con-

junction with an acromioplasty in all cases. All patients

received general anesthesia with a scalene block. In all

cases, the cuff was repaired to the greater tuberosity with

3-mm nonabsorbable sutures through bone tunnels. The

deltoid was reflected from and reattached to the anterior

acromion. Arthroscopic repair also was done in conjunc-

tion with the acromioplasty. Repair was performed using a

double-row, suture bridge technique in all cases. Intraop-

erative data collection included size of the tear and

duration of surgery to the nearest quarter hour. All patients

were discharged with standardized instructions for home

exercises including passive external rotation of 0� with the

arm at the side and passive elevation to 90�. Patients were

instructed in these exercises by a physical therapist in the

hospital and to perform them three times a day. Oxycodone
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and acetaminophen 5/325 mg was prescribed for postop-

erative pain control on discharge. The surgeon (JMF)

performing open repair has been doing open repairs

exclusively. The surgeon (GRW) performing arthroscopic

repair has been doing so for approximately a decade at the

initiation of this study, and averages greater than 100

arthroscopic repairs per year. He performs arthroscopic

repair on all patients, excluding approximately five to six

revisions per year that require a patch.

Patient Characteristics

The patients who completed their diaries had a mean age of

59 years (range, 39–86 years; SD, 10.01) and included 73

men (72%). Preoperative pain level, self-perceived pain

tolerance, and Ouch! Test scores were compared between

open and arthroscopic groups (Table 1).

Pain Diary

Postoperatively, patients were instructed to record their

pain level and oxycodone use daily. Pain levels were

recorded on a VAS using a 10-cm horizontal line with ‘‘0,

no pain’’ on the left and ‘‘10, worst pain imaginable’’ on

the right. Patients were instructed to draw a vertical mark

along the line that best represented their degree of shoulder

pain relative to the two extremes. Daily analgesic use was

recorded as type of analgesic and quantity of tablets. The

analgesic use then was normalized using morphine-equiv-

alency dosage, as described previously [29]. Patients were

instructed not to use NSAIDs. The daily pain log was

maintained by each patient for 6 weeks or until three

consecutive pain-free days, whichever came first. Patients

who reported three consecutive pain-free days were

assigned a daily pain score of 0 for each of the remaining

days.

Table 1. Summary of covariates

Preoperative and outcome variables Open

N = 52 patients

Arthroscopic

N = 50 patients

p value

Age, mean years (95% CI) 60.1 (57.3–62.9) 57.6 (54.9–60.3) 0.21

Male sex (%) N = 37 (71.2%) N = 36 (72%) 0.93

Primary shoulder (%) N = 29 (55.8%) N = 32 (64%) 0.52

Severe preoperative pain N = 11 (30.8%) N = 6 (12%) 0.22

Self-perceived pain tolerance, mean (95% CI) 5.8 (5.3–6.3) 8.74 (8.2–9.3) \ 0.001

Tear size (cm), mean (95% CI) 2.4 (2.1–2.7) 2.2 (1.9–2.5) 0.32

Surgery duration (minutes), mean (95% CI) 61.9 (58.2–65.5) 83.3 (75.9–90.6) \ 0.001

Side-dependent maximum Ouch! Test, mean (95% CI) 4.8 (4.1–5.5) 4.3 (3.6–5.0) 0.34

Weekly postoperative pain, mean (95% CI)

Week 1 5.3 (4.8–5.8) 4.6 (4.1–5.1) 0.06

Week 2 3.2 (2.5–3.8) 2.3 (1.8–2.8) 0.045

Week 3 2.3 (1.7–3.0) 1.7 (1.2–2.2) 0.12

Week 4 1.8 (1.2–2.4) 1.4 (0.9–1.9) 0.32

Week 5 1.6 (1.0–2.1) 1.1 (0.6–1.6) 0.23

Week 6 1.1 (0.7–1.6) 0.8 (0.4–1.2) 0.33

Cumulative pain, mean (95% CI) 113.5 (91.5–135.5) 96.7 (76.0–117.3) 0.28

Days until pain-free, mean (95% CI) 28.8 (24.8–32.8) 27.6 (23.3–31.9) 0.69

Weekly postoperative medication (mg), mean (95% CI)

Week 1 29.8 (24.8–34.8) 25.5 (19.8–31.1) 0.26

Week 2 12.3 (7.8–16.8) 11.3 (7.2–15.5) 0.77

Week 3 8.3 (3.8–12.7) 6.8 (3.5–10.1) 0.90

Week 4 5.9 (1.7–10.1) 4.1 (1.4–6.8) 0.91

Week 5 4.2 (1.7–6.7) 2.7 (0.2–5.2) 0.43

Week 6 9.8 (�3.0–22.6) 2.1 (�0.3–4.5) 0.14

Cumulative morphine dose (mg), mean (95% CI) 380.4 (249.1–511.7) 327.8 (239.8–415.8) 0.96

Residual pain (%) N = 26 (50%) N = 19 (43.2%) 0.51
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Analysis

Outcome variables included days to pain-free, residual pain

[6], average weekly pain levels and analgesic use, and

cumulative pain levels and analgesic use. Days to pain-

free, a continuous variable, was defined as the number of

postoperative days until the first day on which a subjective

pain level of 0 was recorded. Patients with pain continuing

to postoperative Day 42 were reported as 42 days to pain-

free. Residual pain was defined as the presence of any pain

on postoperative Day 42. Likewise, a patient with a pain

level of zero on postoperative Day 42 did not have residual

pain. If the patient did not complete the pain log on post-

operative Day 42, the most recent daily pain level was

substituted. Weekly pain score averages were calculated

for weeks in which at least one daily value was not 0,

initiated with postoperative Day 1, and were calculated for

the next 6 weeks. Weekly average narcotic use was cal-

culated similarly and was converted to morphine

equivalence as indicated previously. Cumulative pain lev-

els and narcotic use were the summation of all average

weekly pain levels and narcotic use from postoperative

Day 1 to postoperative Day 42.

Furthermore, each of the parameters was analyzed for

age, sex, preoperative pain level, tear size, duration of

surgery, self-reported pain tolerance, objectively measured

pain tolerance, and surgically treated shoulder relative to

the primary arm. These variables were compared inde-

pendently with the four outcome measures to determine

their association with postoperative pain.

A priori sample size calculation was performed to detect

the required number of patients for this analysis. This

analysis provided that a sample size of 50 subjects per

treatment group yields 80% power to rule out the null

hypothesis that the lower limit of a two-sided 95% confi-

dence limit of the difference in the pain medication

requirements and subjective pain assessments between

groups is less than 10% under the assumption that the

success rate is 84% for both groups. Post hoc power ana-

lysis, using the resulting data and a = 0.05, also was

performed for each outcome variable to confirm sufficient

power.

Univariate analyses were performed on all potential

predictors of postoperative pain. Two-tailed Student’s

t-tests were performed to determine significant differences

between continuous measures. Pearson’s correlation coef-

ficient was used to assess the relationship between two

continuous variables. For nonparametric continuous mea-

sures, the Mann-Whitney test was used to assess statistical

significance. Differences between groups were determined

to be significant with a probability less than 0.05. Chi-

square tests were performed to determine the significance

of differences in which both variables were dichotomous.

Statistical analysis was performed using SPSS 20.0 (SPSS

Inc, Chicago, IL, USA).

Results

Days to Pain-free

There was no difference in days to pain-free between

patients in the open (mean, 28.8 days; 95% CI, 24.8–32.8)

and arthroscopic groups (mean, 27.6 days; 95% CI, 23.3–

31.9; p = 0.69; power = 5.9%). Tear size (R = �0.29;

p = 0.007) was correlated with the duration of postopera-

tive pain. In addition, age (R = �0.07; p = 0.48), duration

of surgery (R = �0.05; p = 0.66), and self-perceived pain

tolerance (R = �0.16; p = 0.12) had no effect on days to

pain-free. Patients who reported severe preoperative pain

had greater duration of postoperative pain (35 days) com-

pared with patients without severe preoperative pain (27

days; p = 0.045). Female patients had a longer duration of

postoperative pain (33 days) compared with male patients

(26 days; p = 0.03). Neither preoperative pain (p = 0.22)

nor sex (p = 0.93) was different as a function of surgical

group.

Residual Pain

There was no difference between arthroscopic (43%; 19/

44) and open (50%; 26/52) groups regarding the percentage

of patients with residual pain (p = 0.51; power = 9.6%).

A greater percentage of female patients (62% versus 41%;

p = 0.11) had residual pain. In addition, patients with

residual pain had smaller tear sizes (2.1 versus 2.6 cm;

p = 0.02) and lower self-perceived pain tolerance (6.4

versus 7.6; p = 0.01). No differences were found regarding

severe preoperative pain (p = 0.33) or surgical duration

(p = 0.67).

Average Weekly Pain and Narcotic Use

Patients in the open repair group had greater pain than

patients in the arthroscopic group at Week 2 (3.2; 95% CI,

2.5–3.8, versus 2.3, 95% CI, 1.8–2.8; p = 0.045), whereas

pain between groups was similar during the other weeks

(Table 1). The average pain for each group decreased from

week to week through 6 weeks. Patients in the open and

arthroscopic groups had similar analgesic use during all

weeks recorded (Table 1).

Average weekly pain was greater during all weeks for patients

with severe preoperative pain (p\0.008). Shorter surgery

duration (R = �0.22) was associated with greater postoperative
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pain during Week 1 (p = 0.047). In addition, smaller tear sizes

correlated with greater average pain during Weeks 4

(R = �0.28; p = 0.01), 5 (R = 0.30; p = 0.005), and 6

(R = �0.28; p = 0.01). However, the tear size (p = 0.32) was

not different between the two surgical groups. The Ouch! Test

was positively correlated (R = 0.20; p = 0.04) with pain levels

during the first postoperative week whereas pain was inversely

correlated with self-perceived pain tolerance during the second

(R = �0.23; p = 0.02) and third postoperative weeks

(R = �0.22; p = 0.03). Female patients had greater average

pain during the sixth postoperative week compared with male

patients (1.6 versus 0.78; p = 0.03). Age was correlated with

analgesic use during the first postoperative week (R = �0.26;

p = 0.01).

Cumulative Pain Levels and Narcotic Use

There was no difference in cumulative pain levels (113.5

[95% CI, 91.5–135.5] versus 96.7 [95% CI, 76.0–117.3];

p = 0.28 power = 18.3%) or analgesic use (380.4 mg [95%

CI, 249.1–511.7] versus 327.8 mg [95% CI, 239.8–415.8];

p = 0.96, power = 9.5%) between open and arthroscopic

groups (Table 1). Tear size was inversely correlated

(R = �0.25; p = 0.02) with cumulative pain. Age was

inversely correlated (R = � 0.21; p = 0.05) with cumula-

tive analgesic use. Cumulative pain and analgesic use were

greater for patients with severe preoperative pain (p \ 0.01).

Discussion

During the last decade, there has been a transition from open

to arthroscopic rotator cuff repair [1, 23, 34, 35]. Arthro-

scopic repair has advantages, including smaller incisions and

less disturbance of the normal shoulder musculature. Less

postoperative pain also is thought to be an advantage of

arthroscopic surgery [4, 9, 20, 32, 36], but this has not been

substantiated. Because of controversy regarding pain relief,

we wished to compare patients undergoing open or arthro-

scopic rotator cuff repair regarding (1) days to pain-free; (2)

residual pain at the end of followup; (3) average weekly pain

and narcotic use; and (4) cumulative pain and narcotic use.

We also sought to identify factors that predict postoperative

pain using these parameters.

Our study has limitations including differential loss to

followup, lack of anatomic data, lack of randomization,

and small sample size. First, there was a substantial dif-

ference between the percentage of patients who filled out

the pain diaries in the treatment groups (90% and 57% in

the open and arthroscopic groups, respectively). It is dif-

ficult to know what influence this might have had in this

analysis. We do not think that patients’ compliance with

the pain diary was driven by their individual pain experi-

ence but rather differences in reminders provided to them.

However, these results must be weighed with this differ-

ence in followup. We did not obtain anatomic data for cuff

integrity and it is possible that at least some of the repairs

failed early and could have resulted in worse pain out-

comes. Current repair failure rates in small tears probably

are similar with arthroscopic and open repairs, but in large

tears, data would favor open repairs as having a lower

retear rate [2]. However, there was no difference in our

study in the percentage of patients with small and large

tears who underwent open or arthroscopic repair. Although

our study was prospective, patients were not randomized. It

is possible that surgeon selection bias could have influ-

enced patients’ early postoperative pain experience.

However, there were no differences between groups in the

influential preoperative variables that we measured.

Finally, our patient cohort was relatively small and

homogeneous. However, a prior power analysis provided

that this sample size would be sufficient for detecting a

meaningful difference between the two groups. In assess-

ing the post hoc power analysis, while the resulting power

is low, the differences between the groups also were small

leading to the small power sizes. Pain analysis, a subjective

outcome, also has significant variability between individ-

uals resulting in large distributions among the groups and

requiring large sample sizes to detect differences. Our

results may not be transferable to other patient groups that

are larger and more heterogeneous. Despite these limita-

tions, our results indicate that factors other than surgical

method influence early postoperative pain and narcotic use.

We found equivalent times to pain-free for open and

arthroscopic repair groups, equivalent proportions of

patients in each group reporting residual pain at the end of

6 weeks, and comparable weekly pain and analgesic use.

Existing studies have compared postoperative pain after

arthroscopic and either open or miniopen cuff repair [3, 13,

14, 17, 26, 32], however, only one study focused on the

early (6 weeks) postoperative pain experience [14]. That

study had a small sample size and patients rated their pain

on a weekly rather than daily basis, thus compromising the

results. However, they did note decreased pain in the

miniopen group after 4 weeks and decreased analgesic use

in the arthroscopic group during the first week. Pain during

the early postoperative period likely has a strong relation-

ship to soft tissue and bone manipulations that occur during

the surgical procedure. Our results indicate that none of the

pain outcome measures we used in this study were effec-

tively improved with arthroscopic cuff repair in

comparison to open repair. These measures include dura-

tion of postoperative pain, presence of residual pain at the

end of the study period (6 weeks), average weekly post-

operative pain levels and analgesic use, and cumulative
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postoperative pain levels and analgesic use. There was a

trend for increased early postoperative pain in Weeks 1 and

2 for patients who had an open compared with arthroscopic

approach. However, although this difference did reach

statistical significance in the second week, the differences

observed in this analysis did not meet the threshold of a

minimum clinically important difference previously

reported for the VAS [15, 16, 31], specifically with rotator

cuff repair [30]. Furthermore, this understanding applies to

all endpoints of pain measurement, including analgesic use.

Although there is a possible Type II error preventing

detection of a statistically significant difference, the vari-

ation between procedures regarding postoperative pain in

our patients is not clinically meaningful. For example, in a

post hoc analysis using the open results, to statistically

detect the minimum clinically important difference in

decreased cumulative pain in the arthroscopic group a

sample size of 60 patients (30 in each arm) is the number

that would be required. Therefore, early postoperative pain

does not appear to be among the real or perceived advan-

tages of arthroscopic rotator cuff repair in comparison to

open repair. Moreover, early postoperative pain experience

may be based on other perioperative factors.

We found several patient-related factors that were

associated with differences in patient-reported pain. Pre-

operative pain, self-perceived pain tolerance, female sex,

and tear size were found to have a significant relationship

with some of the outcome measures but no influence on

the effect of surgical method. Patients with severe pre-

operative pain, as categorized preoperatively by the

patient, had a greater number of days to pain-free, greater

average weekly and cumulative postoperative pain, and

increased analgesic requirements. Preoperative pain was

found to be a predictor of postoperative pain in nonor-

thopaedic procedures [10, 11, 21]. This suggests that

patients with exaggerated pain responses may be identi-

fied preoperatively and treated appropriately. One of the

outcome measures that was found to be related to a

patient’s self-perceived pain tolerance was the presence

of residual pain 6 weeks postoperatively. This finding is

in agreement with that of a previous study on needle

electromyography, which showed that residual pain, but

not immediate pain, correlated with self-perceived pain

tolerance [28]. In addition, patients with high self-repor-

ted pain tolerance had decreased pain levels during

postoperative Weeks 2 and 3. The Ouch! Test also pre-

dicted pain during the first postoperative week in this

analysis. Female patients were more likely to have

residual pain, increased pain during the sixth postopera-

tive week, and a longer duration of postoperative pain

compared with male patients. This is consistent with

findings in another study [33]. In particular, female

patients have been shown to experience greater pain than

male patients after arthroscopic knee surgery [27], dental

surgery [5], and thoracotomy [24]. Decreased surgery

duration predisposed to increased pain during the first

postoperative week. This might point to the relationship

between time of surgery and surgical approach (with

arthroscopic surgery being longer) and the difference in

pain between these two groups. The association between

decreased tear size and increased duration of pain, pre-

sence of residual pain, increased pain during the final

3 weeks, and increased cumulative pain suggests a strong

association between pain and tear size that is not

understood. In this cohort, 68% (63/92) of patients had a

tear size smaller than 2.5 cm while 32% (29/92) had a

tear size between 3 and 5 cm, with 10 patients without

reported data. However, no difference in tear size

between surgical approaches or patients with severe

preoperative pain was appreciated.

Arthroscopic rotator cuff repair likely will continue to

be popular because of real and perceived benefits,

including smaller incisions, less deltoid morbidity, better

ability to identify and manage concomitant disorders, and

greater patient acceptance. However, pain relief during

the early postoperative period may not be one of the

advantages of arthroscopic repair. We found other factors,

such as preoperative pain and individual pain tolerance,

are more predictive of early postoperative pain than the

surgical method. When counseling patients undergoing

either open or arthroscopic rotator cuff repair, it is

important to understand these factors and realize that pain

management may be challenging with either type of

repair.
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