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Background: This study was undertaken to compare the outcome of supervised and home exercises with respect to range of motion 
(ROM), pain, and Single Assessment Numeric Evaluation (SANE). We further correlated the ROM recovery and pain reduction as well. 
Methods: The study included 49 patients who underwent arthroscopic rotator cuff repair. Rehabilitation was initiated after 4 weeks of 
immobilization. A total of 29 patients performed supervised exercise 3 times a week. Standardized education and brochures for review 
were provided to the remaining 20 patients who insisted on home rehabilitation. Statistical analysis was performed for comparing pain 
Numerical Rating Scale (NRS), SANE, and ROM. In addition, we also evaluated the correlation between pain and ROM. 
Results: Comparison of the two groups revealed no significant differences in forward flexion, internal rotation, abduction, and pain NRS. 
However, SANE at the 9th week (63.8 vs. 55.0, p=0.038) and improvement of external rotation from the 5th to the 9th week (17.6 vs. 9.3, 
p=0.018) were significantly higher in the supervised exercise group as compared to the home exercise group. Correlation of pain NRS 
with forward flexion, external rotation, internal rotation and abduction were statistically not significant (correlation coefficient=0.032 
[p=0.828], -0.255 [p=0.077], 0.068 [p=0.642], and -0.188 [p=0.196], respectively).
Conclusions: The supervised rehabilitation after arthroscopic rotator cuff repair showed better improvement in external rotation and 
higher SANE score after 4 weeks of rehabilitation exercise. However, no statistically significant correlation was observed between the re-
covery of ROM and short-term pain relief.
(Clin Shoulder Elbow 2018;21(1):15-21)
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Introduction

The clinical outcomes of an arthroscopic rotator cuff repair 
differ depending on the rehabilitation exercise after surgery, 
in addition to age, the size of rupture, and the proper suture 
method.1,2) Without appropriate rehabilitation exercise, success-
ful repairs could also result in unsatisfactory outcomes, such as 
limitation in range of motion (ROM), persistent pain, and oc-
casional retear. Since rehabilitation exercises usually begin after 
a certain period of immobilization post repair, proper rehabilita-

tion is essential for the early recovery of ROM, pain control, and 
healing of the repaired tendon.3) Inappropriate pain control and 
persistent limitations in ROM after the surgery could delay an 
early return to the daily activities, thereby decreasing the quality 
of life, at least in the short-term. In addition, uncontrolled shoul-
der motion exercise might lead to a retear of the tendon.4) 

Therefore, post repair rehabilitation and a certain period of 
immobilization is emphasized for patients. Rehabilitation can be 
performed as a home-based exercise program or a supervised 
exercise program in a hospital. Since supervised rehabilitation 
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exercises may especially be unavailable due to temporal or 
financial causes of the patient, home-based rehabilitation exer-
cise may be conducted after imparting appropriate education. 
Lisinski et al.5) reported better pain management and ROM after 
arthroscopic rotator cuff repair in an exercise group supervised 
by experts. Other studies also reported that in conservative 
treatment of rotator cuff lesions, the supervised exercise group 
showed better results6-8) as well as lower retear rates.9) On the 
other hand, Büker et al.10) reported no difference in the clinical 
outcomes between supervised rehabilitation and home exercise 
groups after an arthroscopic rotator cuff repair, which was cor-
roborated by another study with similar results.11) Hence, there 
are diverse results in literature when comparing the mode of 
rehabilitation exercises after arthroscopic rotator cuff repair. 

Since all prior reports consider the outcomes after a relatively 
long-term follow-up, it is hard to find studies reporting the short-
term effects of the rehabilitation protocols, especially the early 
recovery of motion arc and pain. Pain relief and recovery of 
motion arc in the short-term could be important factors related 
to patient satisfaction and their quality of life, although the long-
term prognosis is of utmost importance. 

This study was therefore undertaken to compare the short-
term effects of supervised rehabilitation and home exercise. Our 

null hypothesis suggests that the two rehabilitation programs are 
not different in terms of ROM gain, pain relief, and functional 
recovery. In addition, we further investigated the correlation be-
tween ROM gain and pain relief. 

Methods

This study was approved by the Institutional Review Board of 
Inje University Ilsan Paik Hospital (IRB No. ISPAIK 2016-12-033-
001).

Patients
This study was conducted by recruiting patients who agreed 

to participate in the rehabilitation exercises following arthroscop-
ic rotator cuff repair. All repairs were performed by a single 
shoulder specialist, from June 2015 through February 2017. Re-
vision surgery, combined adhesive capsulitis before surgery, his-
tory of glenohumeral dislocation or fracture around the shoulder 
joint, accompanying inflammatory arthritis and calcific tendinitis, 
Lafosse classification12) type II, or higher subscapularis tear cases 
were excluded from the subjects. A supervised rehabilitation 
exercise program was advised for all patients. Patients who 
wanted home rehabilitation exercise despite the prescription of 
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Fig. 1. Scapular mobilization exercise (A–C) and pendulum exercise (D) were conducted to improve the movement of the scapula before the range of motion exer-
cise. Next, the table slide exercise for flexion (E), abduction (F), and wall climb exercise (G) were conducted. All the pictures were contained in the leaflet distributed.
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supervised rehabilitation were included as the home exercise 
group. More than one education session as well as a leaflet was 
provided for the home exercise group.

The tear size was measured intraoperatively and categorized 
using the DeOrio and Cofield classification.13) Single row repair 
and suture bridge technique were used on a case by case basis, 
based on the tear pattern, the quality of the tissue, and tension 
of the tendon. Additional side-to-side repair and biceps proce-
dure (tenotomy or tenodesis) was performed, if necessary. 

The IRB approved a request to waive the documentation of 
informed consent.

Rehabilitation Exercise
The involved shoulder was immobilized for four weeks after 

arthroscopic rotator cuff repair in all patients, using a sling with a 
small pillow. Elbow and wrist were allowed motion right after the 
surgery. Rehabilitation exercise started at Week-5. A supervised 
rehabilitation exercise program was advised for all patients. Pa-

tients who wanted home rehabilitation exercise were imparted 
proper education of the exercise program. The supervision and 
education of the rehabilitation exercise was carried out by two 
trainers, having an experience of more than 3 years. The group 
that conducted home rehabilitation exercise was compared as 
the control group to the supervised rehabilitation exercise group.

In the supervised rehabilitation exercise group, scapular mo-
bilization and pendulum exercises were conducted to improve 
the movement of the scapula, from Week-5 through Week-8 
after surgery (Fig. 1). For shoulder motion, passive motion ex-
ercise, including closed-chain overhead stretching, was started 
along with the other programs (Fig. 1).14) Active assistive ROM 
exercise was gradually introduced under expert supervision, 
once the passive motion arc increased (Fig. 2). The rehabilitation 
program consisted of 30 minutes sessions, 3 times a week for 8 
weeks. From Week-9, additional rehabilitation was conducted, 
but was limited to patients desirous of the same. The remaining 
patients continued their rehabilitation exercises at home. 

Fig. 2. Active assistive range of motion 
exercise for flexion (A, B), external rota-
tion (C, D), and internal rotation (E, F) was 
gradually allowed as the passive motion arc 
increased. All the pictures were contained in 
the leaflet distributed.

A B

C D

E F



18    www.cisejournal.org

Clinics in Shoulder and Elbow  
Vol. 21, No. 1, March, 2018

At Week-5 after the surgery, the home rehabilitation exercise 
group was similarly imparted details of 30 minutes of rehabilita-
tion exercise training, and a leaflet guide was provided regarding 
the postoperative rehabilitation exercise. Those who had opted 
for home exercise had the freedom to return to the supervised 
rehabilitation program, and also obtain help for the rehabilita-
tion exercise at home, if required. Home rehabilitation exercise 
also continued until 3 months after the surgery.

Evaluation 
Pain level was assessed using the Numerical Rating Scale 

(NRS). No pain was scored as 0, and unbearabe/most severe 
pain was 10. For functional evaluation, the Single Assessment 
Numeric Evaluation (SANE)15) questionnaire assessed the patients 
for their current shoulder function, where 100 points indicated 
normal. Pain NRS, SANE score, and ROM were measured prior 
to surgery, at Week-5 after surgery (before the start of rehabilita-
tion), at Week-9 after surgery (after rehabilitation exercise for 
four weeks), and at 6 months after surgery. 

The shoulder ROM was measured by a single exercise thera-
pist, who was independent from the surgery. Using a goniome-
ter, the passive ROM was measured for forward flexion, external 
rotation and abduction, internal rotation, and digitization of the 
level of thumb reach by internal rotation of the arm to the back 
(1–12: T1–T12 vertebrae, 13–17: L1–L5 vertebrae, 18: sacrum, 
and 19: greater tuberosity of the femur). 

Statistical Analysis
For statistical analysis of this study, we used the IBM SPSS 

Statistics for Windows, ver. 21.0 (IBM Co., Armonk, NY, USA). 
All data were indicated as mean ± standard deviation. To com-
pare the differences in the measured values between supervised 
rehabilitation and home rehabilitation exercise groups, an inde-
pendent t-test was used for data with normal distribution. Mann-
Whitney test was used for the non-parametric data. Paired t-test 
was used for comparing the measured values before and after 

the surgery in each group. To evaluate the correlation between 
groups for ROM recovery, pain, and function score, a Pearson 
correlation test was conducted and verified, and the significance 
level for statistical verification was set at 0.05. 

Results

Totally, 49 participants completed the study, between June 
2015 and February 2017. The supervised rehabilitation exercise 
group included 29 patients, whereas the home rehabilitation ex-
ercise group enrolled 20 patients. None of the patients switched 
from the home rehabilitation to supervised group. The average 
age of the supervised rehabilitation exercise group was 59.8 ± 
6.6 years, while that of the home rehabilitation exercise group 
was 59.5 ± 10.4 years. There were 14 men and 15 women in 
the supervised rehabilitation exercise group, and 10 men and 10 
women in the home rehabilitation exercise group. 

There were no differences in the demographic data, includ-
ing symptom duration, dominant arm, involved arm, mean 
height, and weight, between the two groups (Table 1). 

Of the 49 patients, the rotator cuff tears were classified as 4 
partial, 8 small, 28 medium, and 9 large tears. There was no dif-
ference between the two groups in terms of tear size (p=0.200) 
(Table 1).

For the subjective pain NRS, no difference was observed be-
tween the supervised and home rehabilitation exercise groups at 
Week-5 after the surgery (4.1 ± 2.3 and 4.5 ± 2.5, respectively; 
p=0.574) and at Week-9 after the surgery (3.5 ± 2.0 and 3.0 ± 
1.8, respectively; p=0.334) (Table 2).

The SANE score also showed no difference between the two 
groups at Week-5 (43.8 ± 17.4 and 42.0 ± 16.4, respectively; 
p=0.716). However, at Week-9 after the surgery, the supervised 
rehabilitation exercise group revealed a statistically significant 
higher score than the home rehabilitation exercise group (63.8 
± 15.0 and 55.0 ± 13.6, respectively; p=0.038) (Table 2).

No significant differences were observed in the ROM evalu-

Table 1. Baseline Characteristics of Participants

Characteristic Supervised exercise group (n=29) Home exercise group (n=20) p-value*

Age (yr) 59.8 ± 6.6 59.5 ± 10.4 0.806

Sex (male/female) 14/15 10/10 0.908

Dominance (right/left) 19/10 17/3 0.116

Affected (right/left) 19/10 11/9 0.473

Duration of symptom (mo) 11.6 ± 14.9 14.0 ± 27.2 0.717

Height (cm) 162.2 ± 5.9 162.8 ± 7.9 0.858

Weight (kg) 63.6 ± 9.4 63.1 ± 10.2 0.784

Tear size (partial/small/medium/large) 2/6/17/4 2/2/11/5 0.200

Values are presented as mean ± standard deviation or number only. 
*There were no significant differences between the two groups. 
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ated at Week-5 (prior to rehabilitation) or Week-9 (post reha-
bilitation): forward flexion (p=0.700, 0.274, respectively), ex-
ternal rotation (p=0.200, 0.455, respectively), internal rotation 
(p=0.369, 0.585, respectively) and abduction (p=0.897, 0.699, 
respectively) (Table 2). However, a comparison in the improve-
ment in each ROM measured revealed a significant difference 
in external rotation between the supervised rehabilitation exer-
cise group (17.6° ± 12.7°) and the home rehabilitation exercise 
group (9.3° ± 10.9°) from Week-5 to Week-9 (p=0.018) (Table 
2). Other variables showed no differences. Overall, there were 
no significant differences between the two groups in ROM, pain 
NRS and SANE at 6 months after surgery (Table 3). 

Table 2. Value for Passive Range of Motion in Degrees, Pain NRS and SANE for Each Group

Variable Baseline Week-5 Week-9 Week-9 minus week-5
Supervised vs. home exercise group

Week-5 Week-9 Week-9 minus week-5

FF (°) 3.2 (p=0.700) 8.5 (p=0.274) 3.2 (p=0.636)

   Supervised 144.3 ± 31.2 109.5 ± 28.8 146.2 ± 22.9 36.7 ± 18.4

   Home 150 ± 19.7 106.3 ± 28.6 137.8 ± 28.2 33.5 ± 26.0

ER (°) -12.3 (p=0.200) 4.0 (p=0.455) 8.3 (p=0.018)

   Supervised 51.4 ± 14.1 15.7 ± 15.7 33.3 ± 18.6 17.6 ± 12.7

   Home 50.3 ± 26.1 28.0 ± 18.5 37.3 ± 17.8 9.3 ± 10.9

IR (°) 0.9 (p=0.369) 0.6 (p=0.585) -0.3 (p=0.762)

   Supervised 11.6 ± 4.9 17.3 ± 2.7 13.8 ± 3.9 -3.5 ± 2.6

   Home 10.8 ± 5.0 16.4 ± 3.6 13.2 ± 4.1 -3.8 ± 3.3

Abduction (°) 1.2 (p=0.897) 4.1 (p=0.699) 8.1 (p=0.521)

   Supervised 131.4 ± 41.2 93.4 ± 32.4 122.9 ± 37.9 29.5 ± 19.9

   Home 133.0 ± 33.3 92.3 ± 31.0 127.0 ± 34.5 34.8 ± 32.2

NRS -0.4 (p=0.574) 0.5 (p=0.334) 0.1 (p=0.889)

   Supervised 6.3 ± 2.6 4.1 ± 2.3 3.5 ± 2.0 -1.7 ± 1.5

   Home 6.3 ± 1.7 4.5 ± 2.5 3.0 ± 1.8 -1.7 ± 2.0

SANE 1.8 (p=0.716) 8.8 (p=0.038) 6.0 (p=0.094)

   Supervised 54.1 ± 23.1 43.8 ± 17.4 63.8 ± 15.0 20.0 ± 11.6

   Home 57.5 ± 19.2 42.0 ± 16.4 55.0 ± 13.6 14.0 ± 12.3

Values are presented as mean ± standard deviation. 
NRS: Numerical Rating Scale, SANE: Single Assessment Numeric Evaluation, FF: forward flexion, Supervised: supervised exercise group, Home: exercise group, 
ER: external rotation, IR: internal rotation.

Table 3. Value for Passive Range of Motion in Degree, Pain NRS and SANE for Each Group at 6 Month after Surgery

Variable FF (°) ER (°) IR (°) Abduction (°) NRS SANE

Supervised 156.6 ± 19.9 37.2 ± 22.2 8.9 ± 2.3 140.0 ± 34.6 1.9 ± 1.58 70.0 ± 16.3

Home 157.5 ± 18.9 32.3 ± 13.2 10.2 ± 3.1 131.5 ± 35.3 2.5 ± 1.6 68.5 ± 15.9

p-value 0.868 0.373 0.110 0.406 0.267 0.751

Values are presented as mean ± standard deviation. 
NRS: Numerical Rating Scale, SANE: Single Assessment Numeric Evaluation, FF: forward flexion, ER: external rotation, IR: internal rotation, Supervised: super-
vised exercise group, Home: exercise group.

Table 4. Correlation between Increased Range of Motion and Reduced NRS

Variable Pearson’s correlation 
coefficient p-value

Forward flexion 0.032 0.828

External rotation -0.255 0.077

Internal rotation 0.068 0.642

Abduction -0.188 0.196

NRS: Numerical Rating Scale.
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No statistically significant correlation was observed between 
the increases of forward flexion, external rotation, internal 
rotation, and abduction with pain relief (Table 4). However, 
increased external rotation correlated with increased SANE 
between Week-5 and Week-9 (Pearson correlation coeffi-
cient=0.286, p=0.047).

Discussion

In the current study, the recovery of external rotation was 
faster in the supervised exercise group than in the home exercise 
group, although forward flexion, internal rotation, and abduction 
showed no difference. In addition, the SANE score was higher in 
the supervised exercise group at Week-9, i.e., one month after 
the rehabilitation. Pain NRS showed no correlation with ROM 
improvement, and other variables revealed no differences be-
tween the two groups.

Immobilization for a certain period and proper rehabilitation 
are important factors for successful clinical results in rotator cuff 
repair surgery. However, a longer period of immobilization might 
lead to higher prevalence of stiffness, despite a lower possibility 
of retear.16) It was reported that the prevalence of shoulder stiff-
ness after an arthroscopic rotator cuff repair was usually 10%, 
and the resistant postoperative stiffness (which is permanent or 
needs capsular release) was 3.3% to 4.5%.17) Even patients with 
no complaints of long term stiffness show a slow improvement 
in pain, ROM, and function up to 12 months after the surgery.18) 

Since most shoulder surgeons prefer to immobilize the oper-
ated shoulder for a short duration to protect repair, rehabilitation 
exercise is greatly emphasized to prevent persistent stiffness and 
facilitate early recovery. Many studies have reported that passive 
ROM exercise is effective for preventing shoulder stiffness after 
rotator cuff repair.4,19-21) Rehabilitation exercises are generally 
prescribed and conducted systematically under the supervision 
of an exercise specialist or physical therapist. However, some 
patients opt to do the rehabilitation exercises themselves due to 
factors such as time or cost limitation and inconvenience. Litera-
ture has cited mixed results for its effectiveness in the recovery 
of ROM for both supervised and home-based exercise. One 
study indicated the clinical result was better in the supervised 
rehabilitation exercise group,5) whereas other studies showed no 
difference between the two groups.10,22) Also, there are diverse 
opinions regarding the supervised and the home exercise pro-
tocols. While supervised exercise subjects the patient to both 
economic and temporal burdens, home-based exercise can 
reduce the overall health-related costs and time.23) However, 
it is more likely that the patients who do home exercise might 
not be devoted to their regime, and ROM gain might not be as 
effective as when supervised. In our study, the external rotation 
decreased between Week-8 and 6 months after surgery in the 
home rehabilitation exercise group. As the pain decreased, pa-

tients tend not to exercise enough. Also, the increased follow-up 
interval could have affected this result.

We found no statistically significant difference between the 
two groups in terms of ROM, except for external rotation. Pa-
tients were generally cooperative in rehabilitation during the 
first few weeks. However, one interesting finding was that the 
increase in external rotation from Week-5 to Week-9 was signifi-
cantly higher in the supervised exercise group. Also, the SANE 
score was higher in the supervised group as compared to home 
exercise group. 

In the home exercise group, patients could perform most 
of the exercises rather easily, including table slide for forward 
flexion, or hand behind the waist for internal rotation. However, 
the external rotation exercise using a T-bar was often mixed with 
abduction motion. Thus, the exercise performed for external 
rotation was frequently not as how the surgeon intended. Under 
supervised rehabilitation, the patients were trained to perform 
the exercise correctly by constant retraining. In addition, the 
supervised routinely included exercises for stabilization and mo-
bilization of the scapula, prior to passive motion exercise. This 
might reflect in the higher SANE score in the supervised exercise 
group, which could be an outcome from the increased external 
rotation range of this group.

Our study was unable to reveal a correlation between the 
ROM recovery and pain reduction. We postulated that the more 
rapid and effective recovery of ROM leads to pain reduction 
or effective pain control, and also that patients with less pain 
showed more rapid or improved ROM that those with more 
pain. However, due to the small sample size and other com-
pounding factors such as use of analgesics, our study failed to 
prove the relationship between the ROM and pain.

This study has a few limitations. First, this study has the inher-
ent weakness of being a retrospective study with a small sample 
size. Second, although the purpose of this study was to compare 
the short-term recovery of both rehabilitation exercise groups, 
an accompanying evaluation of the long-term outcome would 
have enhanced our results. Third, the exercise frequency was 
not consistent in every patient, even though the prescribed 
exercise was 3 times a week for 4 weeks. Fourth, the home ex-
ercise group consisted of patients who had initially prescribed 
for supervised exercise, but later opted for home exercise. Fifth, 
patients were assessed only clinically, without any supporting 
radiologic or arthroscopic evaluation. Although this study is not a 
randomized trial. 

Conclusion

After 4 weeks of rehabilitation post the arthroscopic rotator 
cuff repair, the supervised exercise group showed better im-
provement in external rotation and a higher SANE score. How-
ever, there was no statistically significant correlation between the 
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recovery of ROM and pain relief in this short-term study.
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