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Purpose: The aim of this study was to evaluate the effects and safety of a sleep aid 
for postoperative analgesia in patients undergoing arthroscopic rotator cuff repair. 
Materials and Methods: Seventy-eight patients were prospectively assigned to ei-
ther the zolpidem group (multimodal analgesia+zolpidem; 39 patients) or the con-
trol group (multimodal analgesia; 39 patients). Self-rated pain levels were assessed 
twice a day using a visual analog scale (VAS). The need for additional rescue anal-
gesic, duration of functional recovery, and adverse effects were assessed for the first 
5 days after surgery. Results: The mean number of times that additional rescue an-
algesic was required during 5 days after surgery was 2.1±2.0 in the zolpidem group 
and 3.3±2.8 in the control group, a significant difference. There were no significant 
differences between the two groups in mean VAS pain scores during the first 5 days 
after surgery, although the zolpidem group had lower VAS pain scores than the con-
trol group. Additionally, there were no significant differences in duration of func-
tional recovery and adverse effects between the two groups. Conclusion: The use 
of zolpidem for analgesia after arthroscopic rotator cuff repair provided a significant 
reduction in the need for rescue analgesic without increasing adverse effects. Nev-
ertheless, mean VAS pain scores during the first 5 days after surgery did not differ 
between the zolpidem group and the control group.
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INTRODUCTION

Although arthroscopic rotator cuff repair is now moving from an inpatient setting 
to an outpatient setting,1 it is still associated with severe postoperative pain that can 
compromise effective rehabilitation and prolong hospital stay.2-4 Thus, the devel-
opment of effective analgesia for early postoperative pain after rotator cuff repair 
is a critical and challenging issue for both surgeon and anesthesiologist.

Various methods, including injection or infusion of local analgesic, regional 
nerve block, intravenous patient-controlled analgesia, and multimodal analgesia 
have been proposed to effectively reduce early postoperative pain after arthroscop-
ic rotator cuff repair.1,2,5-11 However, patients who undergo rotator cuff repair may 
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any medication or local anesthetics used in the study. 
Patients were sequentially assigned to receive either multi-

modal analgesia with zolpidem (zolpidem group; 39 patients) 
or multimodal analgesia only (control group; 39 patients) for 
postoperative pain control after rotator cuff repair. All patients 
received general anesthesia combined with an interscalene 
block according to our standard protocol, and all operations 
were performed by a single surgeon who used an arthroscop-
ic repair technique. For postoperative pain control in both 
groups, we followed a multimodal pain control protocol that 
was developed at our institution. The protocol included pre-
emptive oral medication (controlled-release oxycodone HCl, 
acetaminophen), regional nerve block (interscalene block), 
intra-operative injection of local analgesics (morphine HCl, 
0.75% ropivacaine), and postoperative oral medication (post-
operative day 0 to 2: immediate-release oxycodone HCl, ac-
etaminophen, and cyclooxygenase-2 inhibitor; postoperative 
day 3 to 5: cyclooxtygenase-2 inhibitor plus a tablet contain-
ing a combination of 37.5 mg of tramadol and 325 mg of ac-
etaminophen). If a patient required additional pain control be-
yond that provided by our protocol, 2 mL of intramuscular 
diclofenac was administered as a rescue analgesic.

The zolpidem group received a prescription for 10 mg of 
zolpidem (for those younger than 60 years) or 5 mg of zolpi-
dem (for those aged 60 years or older) that was given orally 
immediately before bedtime for the first 5 days after surgery. 
Study participants rated their pain themselves before sur-
gery, immediately after surgery (at 3 and 10 hours), and on 
days 1 through 5 after surgery (6 AM and 6 PM) using a vi-
sual analog scale (VAS) that ranged from 0 (no pain) to 10 
points (unbearable pain). The duration of functional recov-
ery was defined as the number of days until patients could 
achieve 120° of flexion and 30° of external rotation. The 
number of times that rescue analgesic was administered and 
adverse effects, such as nausea, vomiting, urinary retention, 
constipation, diarrhea, dizziness, urticaria, headache, respi-
ratory depression, and drowsiness, were recorded.

The primary outcome variable was the number of times 
that additional rescue analgesic was administered during 
the 5 days immediately after surgery. The secondary out-
come variables were twice-daily VAS pain scores and ad-
verse effects throughout the first 5 days after surgery.

Statistical analysis
Sample size was calculated using the number of times addi-
tional rescue analgesic was administered as the primary out-
come variable. The number of patients required to achieve 

report sleep disturbance, as well as moderate to severe pain, 
in the early postoperative period. Postoperative pain, espe-
cially at night, disturbs sleep, which can lead to a vicious 
cycle of acute pain, anxiety, and additional sleep depriva-
tion.1,12 Rosenberg, et al.13 wrote that postoperative sleep 
disturbance represents an important research field because 
inadequate pain control and sleep disturbance in the early 
postoperative period have a negative impact on health-re-
lated quality of life and can adversely affect the outcomes 
of surgery.

Zolpidem is a short-acting nonbenzodiazepine hypnotic 
drug that has demonstrated efficacy in the treatment of in-
somnia in elderly patients, as well as in the general popula-
tion.14-16 Its main action is sedation, although weak anticon-
vulsive, anxiolytic, and myorelaxant effects have been also 
demonstrated in human and animal studies.16-18 Recently, 
studies of its effects on pain control and sleep disturbance 
in the early postoperative period have demonstrated that 
zolpidem can reduce postoperative pain and the amount of 
narcotics required after knee surgery.17,18 To our knowledge, 
there has been no study of the use of a sleep aid as part of a 
postoperative pain-control regimen in patients undergoing 
rotator cuff repair. Therefore, the aim of the study was to 
evaluate the effects and safety of a sleep aid for analgesia af-
ter rotator cuff repair. Our hypothesis was that use of zolpi-
dem would reduce requirements for rescue analgesia with-
out significant adverse effects in patients who underwent 
arthroscopic rotator cuff repair. 

MATERIALS AND METHODS

Our study was approved by our Institutional Review Board 
and written informed consent was obtained from all partici-
pants. Seventy-eight consecutive patients scheduled for ar-
throscopic rotator cuff repair were eligible for the study. 
The inclusion criteria were 1) undergoing arthroscopic rota-
tor cuff repair without any additional procedures, such as 
biceps tenodesis, repair of a superior labrum anterior-to-
posterior tear, or distal clavicle resection; 2) an American 
Society of Anesthesiologists (ASA) physical status of 1 or 
2 (normal or patient with mild systemic disease); and 3) the 
ability to understand and cooperate with the study protocol. 
Exclusion criteria were 1) the presence of a massive rotator 
cuff tear (>5 cm), 2) an ASA physical status ≥3 (patient 
with severe systemic disease), 3) a history of drug addic-
tion, 4) a severe neurological lesion, and 5) an allergy to 
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Mean VAS pain scores at 3 and 10 hours after surgery 
were, respectively, 4.1±2.7 and 4.8±2.4 in the zolpidem 
group and 3.9±2.3 and 5.0±2.0 in the control group. Mean 
VAS pain scores on days 1 through 5 after surgery, assessed 
twice a day at 6 AM and 6 PM, respectively, were 4.8±2.4 
and 4.4±2.0 (day 1), 3.7±2.1 and 3.5±1.8 (day 2), 3.2±1.8 
and 3.1±1.8 (day 3), 2.9±1.6 and 2.7±1.5 (day 4), and 
2.5±1.4 and 2.6±1.5 (day 5) in the zolpidem group and were 
5.2±1.8 and 4.9±1.8 (day 1), 4.3±1.5 and 4.2±1.7 (day 2), 
3.9±1.6 and 3.6±1.5 (day 3), 3.2±1.2 and 2.9±1.3 (day 4), 
and 2.7±1.3 and 2.5±1.2 (day 5) in the control group, repre-
senting no significant difference between the two groups 
(Fig. 1).

The average duration of functional recovery was 3.8±1.8 
days in the zolpidem group and 3.8±1.4 days in the control 
group, not a significant difference. In addition, there were no 
significant differences between the two groups in regards to 
medication-related adverse effects, including nausea, vomit-
ing, urinary retention, constipation, diarrhea, dizziness, urticar-
ia, headache, respiratory depression, or drowsiness (Table 3).

DISCUSSION

The current study revealed that the use of zolpidem for an-
algesia after arthroscopic rotator cuff repair provides a sig-

90% power (α error of 0.05 and β error of 0.10) and to de-
tect an effect size of 0.7 was a minimum of 36 patients for 
each group. 

Statistical analysis was performed using SPSS software 
(version 20.0E; IBM, Armonk, NY, USA). Baseline and 
preoperative characteristics were analyzed using the inde-
pendent t-test and the chi-square test. The rescue analgesic 
requirements, VAS pain scores, and adverse effects were 
compared using the independent t-test, the chi-square test, 
Fisher’s exact test, and repeated-measures analysis of vari-
ance to assess the significance of difference between the 
two groups. All p-values<0.05 were considered statistically 
significant.

RESULTS
 

There were no significant differences between the two groups 
in baseline and preoperative characteristics, such as age, sex, 
body mass index, ASA physical status, involved side, tear 
size, duration of symptoms, preoperative stiffness, and mean 
preoperative VAS pain score (Table 1).  

The mean number of times that rescue analgesic was ad-
ministered during the first 5 days after surgery was a mean of 
2.1±2.0 times in the zolpidem group and 3.3±2.8 times in the 
control group (Table 2), a significant difference (p=0.033). 

Table 1. Baseline and Preoperative Characteristics of the Patients
Parameter  Zolpidem group Control group p value
Age (yrs) 59.6±7.4 59.0±8.7 0.323
Gender (male:female)   13:26 10:29 0.456
Body mass index (kg/m2) 24.2±3.3 23.5±2.9 0.329
ASA physical status (1:2)   20:19 27:12 0.105
Involved side (dominant:non-dominant) 31:8 26:13 0.202
Tear size (no. of cases) 0.951
    Partial   8 10
    Small   9   9
    Medium 16 15
    Large   6   5
Duration of symptoms   18.3±26.4   28.2±35.7 0.171
Preoperative stiffness (no. of cases)   7   6 0.761
Preoperative VAS pain score   6.7±2.1   6.4±2.3 0.507

ASA, American Society of Anesthesiologists; VAS, visual analog scale.

Table 2. Rescue Analgesic Requirement and Comparison of Functional Recovery between the Two Groups
Parameter Zolpidem group Control group p value
Rescue analgesic (no. of times) 2.1±2.0 3.3±2.8 0.033
Functional recovery (days) 3.8±1.8 3.8±1.4 0.890

Statistical significance (p<0.05).
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with rotator cuff repair, especially in ambulatory surgery. 
Multimodal analgesia is an increasingly popular approach 

to preventing postoperative pain.8 It involves administering 
a combination of opioid and nonopioid analgesics before, 
during, and after surgery that act at different sites within the 
central and peripheral nervous systems in an effort to im-
prove pain control while eliminating opioid-related adverse 
effects.3,7,8 Cho, et al.6 demonstrated that multimodal pain 
control offers more effective postoperative pain control with 
fewer adverse effects than intravenous patient-controlled 
analgesia. However, they also noted that achieving ade-
quate pain control within the first 48 hours after surgery re-
mains challenging and that development of more effective 
and safer multimodal pain control protocols is required. 

It is well known that patients may experience problems 
with pain management and sleep at night in the early post-
operative period.17,19-22 Also, it is not uncommon for patients 
to take more pain medication at night to get to sleep.17 Pa-
tients who undergo rotator cuff repair are especially likely 

nificant reduction in the need for rescue analgesic without 
increasing adverse effects. However, VAS pain scores dur-
ing the first 5 days after surgery did not reach significant dif-
ference between the zolpidem group and the control group.

Rotator cuff repair is well recognized as having the po-
tential to cause severe postoperative pain.2,4 Although ar-
throscopic rotator cuff repair is minimally invasive, severe 
pain during the first several days after surgery is common.2,6 
Various methods, including injection or infusion of local 
analgesic, regional nerve block, and intravenous patient-
controlled analgesia, have been proposed to effectively re-
duce postoperative pain.1,2,5,9,11 However, all of these tech-
niques involve their own particular risks, limitations, and 
adverse effects.1,2,9,10 Oh, et al.11 reported that aggressive 
pain management in the early postoperative period is a ma-
jor issue for patients who pursue “well-being” and satisfac-
tion with the treatment of their disorders. The evidence pre-
sented in many studies clearly indicate the necessity of 
developing more effective analgesic strategies for patients 

Fig. 1. Mean visual analog scale (VAS) pain scores measured before surgery, immediately after surgery (at 3 and 10 hours), and on days 1 
to 5 after surgery (at 6 AM and 6 PM). There were no significant differences between the two groups in VAS pain scores for the first 5 
days after surgery, although the zolpidem group had lower VAS pain scores than the control group. POD, postoperative day.

Table 3. Side Effects Related to Medication

Adverse effect
n (%)

p value
Zolpidem group MPC group

Nausea 15 (38.5) 14 (35.9) 0.815
Vomiting   6 (15.4)   4 (10.3) 0.737
Urinary retention 3 (7.7) 2 (6.7) 1.000
Constipation 11 (28.2) 17 (43.6) 0.157
Diarrhea 2 (6.7) 0 (0.0) 0.494
Dizziness   5 (12.8)   4 (10.3) 1.000
Urticaria 1 (2.6) 2 (6.7) 1.000
Headache 1 (2.6) 2 (6.7) 1.000
Respiratory depression 0 (0.0) 0 (0.0) 1.000
Drowsiness 0 (0.0) 0 (0.0) 1.000
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diarrhea.16,18 Other effects, including an increased risk of hip 
fracture, dependence, tolerance, and seizure, have also been 
reported, although rarely.24-26 The current study discovered 
no significant differences in adverse effects between the zol-
pidem and control groups, although our results may not be 
generalizable because our sample size was relatively small 
for comparing adverse effects between groups. Thus, clini-
cians must consider the potential adverse effects if they pre-
scribe zolpidem in this setting. 

Our study has several limitations. First, there was no sam-
ple randomization because study participants of each group 
were enrolled consecutively. Second, this was not a blinded 
study using a control group with placebo. Third, the num-
ber of study participants was too small to determine the in-
cidence of medication-related adverse effects. Fourth, there 
was no assessment of sleep status using a measurement tool 
in the early postoperative period. Fifth, use of different dos-
ages between patients of ages under or over 60 years in the 
zolpidem group was a bias. Additional randomized con-
trolled trials with large sample sizes are necessary to clarify 
the characteristics and relationships of postoperative sleep 
disturbance and to determine the effects and safety of sleep 
aids in patients undergoing rotator cuff repair. Further ef-
forts should be made to develop effective strategies for pre-
vention and treatment of pain and sleep disturbance after 
rotator cuff repair.

Sleep aids may be considered a useful part of a multimodal 
pain control regimen after orthopedic surgery, especially out-
patient arthroscopic rotator cuff repair. Herein, the use of zol-
pidem for analgesia after arthroscopic rotator cuff repair pro-
vided a significant reduction in the need for rescue analgesic 
without increasing adverse effects. Nevertheless, mean VAS 
pain scores during the first 5 days after surgery did not differ 
between the zolpidem group and the control group.
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