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Arthroscopic rotator cuff repairs generally have good 
functional outcomes regardless of tendon healing.1,2) On 
the other hand, postoperative shoulder stiffness is one of 
the most common and clinically important complications 
because it can cause severe pain and limitation of motion, 
making it difficult to rehabilitate patients,3,4) and decrease 
the postoperative functional outcomes. Therefore, in ad-

Background: Arthroscopic rotator cuff repair generally has a good clinical outcome but shoulder stiffness after surgery due 
to subacromial adhesion is one of the most common and clinically important complications. Sodium hyaluronate (HA) has been 
reported to be an anti-adhesive agent in a range of surgical procedures. However, there are few reports of the outcomes of ar-
throscopic rotator cuff repair of the shoulder. This study examined whether a subacromial injection of HA/carboxymethylated cel-
lulose (CMC) affected the postoperative shoulder stiffness and healing of rotator cuff repair, as well as the safety of an injection.
Methods: Between January 2008 and May 2008, 80 consecutive patients with arthroscopic rotator cuff repair were enrolled. The 
patients were assigned randomly to the HA/CMC injection group (n = 40) or control group (n = 40). All patients were evaluated 
using the visual analog scale (VAS) for pain, passive range of motion at 2, 6 weeks, 3, 6, 12 months after surgery, and the func-
tional scores at 6, 12 months postoperatively. Cuff healing was also evaluated using CT arthrography or ultrasonography at 6 or 12 
months after surgery.
Results: The HA/CMC injection group showed faster recovery of forward flexion at 2 weeks postoperatively than the control 
group but the difference was not statistically significant (p  = 0.09). There were no significant difference in pain VAS, internal 
rotation, external rotation and functional scores between two groups at each follow-up period. The functional scores improved 6 
months after surgery in both groups but there were no differences between the two groups. The incidence of unhealed rotator cuff 
was similar in the two groups. There were no complications related to an injection of anti-adhesive agents including wound prob-
lems or infections.
Conclusions: A subacromial injection of an anti-adhesive agent after arthroscopic rotator cuff repair tended to produce faster re-
covery in forward flexion with no adverse effects on cuff healing. However, its anti-adhesive effects after rotator cuff repair should 
be considered carefully with further studies.
Keywords: Rotator cuff repair, Sodium hyaluronate, Anti-adhesive agent, Shoulder stiffness
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dition to improving cuff healing, other efforts to minimize 
the subacromial adhesions are needed to reduce the shoul-
der stiffness after arthroscopic rotator cuff repair.

Sodium hyaluronate (HA) has been reported to be 
an anti-adhesive agent in tendon surgery5,6) and abdominal 
surgery for reducing adhesions and postoperative ileus, 
as well as in gynecologic surgery for minimizing infertil-
ity due to tubal adhesion.7,8) In animal models, HA gel9) or 
sheets10) can attenuate post-laminectomy scar formation 
in spine surgery. Several in vitro studies have reported the 
enhanced rotator cuff healing potential of HA.11,12) How-
ever, to the authors’ knowledge, there are no reports on the 
anti-adhesive effect of HA after arthroscopic rotator cuff 
repair in vivo. Therefore, this study examined whether a 
subacromial injection of hyaluronate (HA/carboxymethyl-
ated cel lulose [CMC]; Guardix-Sol®, 5 g, Hanmi Pharm. 
Co., Seoul, Korea) affects the postoperative shoulder stiff-
ness and healing process after rotator cuff repair as well as 
the safety of an injection.

METHODS

Inclusion and Exclusion Criteria
Between January 2008 and May 2008, consecutive 80 pa-
tients who underwent arthroscopic rotator cuff repair in 
authors’ institution were enrolled this study. The inclusion 
criteria were patients with a partial or full-thickness rota-
tor cuff tear who underwent arthroscopic cuff repair with 
subacromial decompression and acromioplasty. The exclu-
sion criteria were patients with arthritic shoulder, revision 
of the cuff repair, irreparable cuff tear, open surgery, insta-
bility, isolated superior labrum anterior posterior (SLAP) 
lesion, infection, calcific tendinitis, rheumatoid arthritis, 
and/or reflex sympathetic dystrophy. The patients were 
assigned randomly to one of two groups. Randomization 
was performed using an automatic generated random-
ization list. the HA/CMC injection was performed by a 
senior author (JHO) in a blinded manner through the lat-
eral subacromial portal (approximately 2 cm lateral to the 
acromion in line with the posterior aspect of the clavicle), 
which was used in arthroscopic surgery during the first 
dressing on the second day after arthroscopic rotator cuff 
repair, when normal saline used during arthroscopic sur-
gery was almost drained out (injection group). HA/CMC 
was not injected in the control group after arthroscopic 
rotator cuff repair but the same rehabilitation protocol 
was conducted. Based on a previous study,13) in which the 
standard deviation of forward flexion at 3 months was 21o, 
it was determined that a sample size of 32 in each group 
would have 80% power to detect a 15o difference in for-

ward flexion between two groups at an alpha level of 0.05 
(two-tailed) using a Student’s t-test. In this study, 40 pa-
tients in each group were recruited to allow for a possible 
20% loss during the study period. All patients provided 
written informed consent and all protocols were approved 
by the Institutional Review Board at the authors’ institu-
tion.

 
Treatment Procedure
All arthroscopic procedures were performed by a single 
surgeon (JHO). After managing the glenohumeral joint 
pathology, subacromial bursectomy with acromioplasty 
was performed in all patients. Rotator cuff repair was con-
ducted in single row or double row manner using bioab-
sorbable suture anchors (Bio-corkscrew: Arthrex, Naples, 
FL, or Spiralok: Mitek, Raynham, MA, USA). The immo-
bilization period within the abduction brace was deter-
mined by the tear size measured at the time of operation, 
4 weeks for small (< 1 cm), 5 weeks for medium (> 1 cm, 
< 3 cm) and 6 weeks for large (> 3 cm) to massive tears 
(> 5 cm).8) Passive range of motion (ROM) exercises were 
recommended immediately after surgery for small and 
medium sized tears but passive ROM exercises were re-
stricted for 2 weeks for large to massive tears. Active ROM 
exercises were encouraged after weaning off the brace, and 
strengthening exercises were started 3 months after the 
operation. Normal sports activities were usually permitted 
after 6 months of surgery. Rehabilitation was referred to 
and supervised by the Department of Rehabilitation at the 
authors’ institution.

Outcome Measurement
All data (pre-operation, 2, 6 weeks, 3, 6, 12 months after 
operation) were collected prospectively by a clinical re-
searcher who was blinded to the study. The injected HA/
CMC would be effective for 2 weeks, and early postopera-
tive adhesion might be prevented using HA/CMC in this 
most painful period. Other outcome measurement periods 
were chosen according to the rehabilitation protocol: 6 
weeks for brace weaning, 3 months for starting strength-
ening exercise, 6 months for starting sports activity, and 
12 months for an evaluation of the cuff integrity with an 
imaging study and functional score.13)

For a functional outcome evaluation, the visual 
analog scale (VAS) for pain and the passive ROM were 
determined at each check-up period. The pain VAS was 
scaled from 0 to 10; 10 being the worst pain. Passive ROM 
(abduction, external rotation at side, internal rotation at 
back) were measured using a goniometer with the scapula 
in a fixed position. Passive abduction was measured in 
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degrees between the arm and thorax in the scapular plane, 
and the external rotation of the arm on the side was mea-
sured in degrees between the thorax and forearm with the 
arm in the adducted position and 90o flexion of the elbow. 
The internal rotation of the back was measured by the ver-
tebral level reached, where the tip of the thumb reached 
the spine. For analysis, the vertebral level was numbered 
serially as follows: 12 for the 12th thoracic vertebra, 13 for 
the 1st lumbar vertebra, and 17 for the 5th lumbar verte-
bra. A constant score and American Shoulder and Elbow 
Surgeons (ASES) score were also evaluated at 6 and 12 
months, postoperatively. For an evaluation of rotator cuff 
healing, repaired rotator cuff tendon was examined by ul-
trasonography (USG) or computed tomography arthrog-
raphy (CTA) at 6 or 12 months after surgery.

Statistical Analysis
All statistical analyses were performed using SPSS ver. 12.0 
(SPSS Inc., Chicago, IL, USA). A Student’s t-test was used 
to compare the pain VAS, ROM and functional scores 
between the two groups, and a paired t-test was used to 
compare them between two consecutive periods in each 
group. A chi-square test was used to examine the gender 
distribution and tear size. A p-value < 0.05 was considered 
significant.

RESULTS

The mean age of the injection group (n = 40) was 59.2 ± 8.1 
years (range, 40 to 73 years), and 20 patients (50%) were 
male. The mean age of the control group (n = 40) was 60.2 
± 8.2 years (range, 42 to 74 years) with 19 patients (47.5%) 
being male. Five and seven patients in the injection and 

control group, respectively, had diabetes mellitus. There 
was no associated partial articular surface tendon avulsion 
(PASTA) lesions or anterior labral tears with a rotator cuff 
tear. There were 13 and 9 cases with a type 2 SLAP lesion 
in the injection and control group, respectively. There 
was one case of a type 7 SLAP lesion in the control group. 
Combined SLAP lesions were treated with rotator cuff re-
pair by SLAP repair, biceps tenotomy or biceps tenodesis 
according to the patient’s age, integrity of the biceps and 

Table 1. Demographic Data of the Patients

Group 1 (HA/CMC 
injection group)

Group 2  
(Control group)

No. of patients 40 40

Age (yr) 59.2 ± 8.1 (40-73) 60.2 ± 8.3 (42-74)

Sex (male/female) 20/20 19/21

Tear size (R1/R2/R3) 4/26/10 8/20/12

Dominant hand (right/left/both) 37/3/0 39/0/1

Operation site (right/left) 29/11 28/12

Continuous data is presented as the mean ± SD (range).
HA/CMC: hyaluronate/carboxy methylated cellulose, R1: small-sized tear (< 1 
cm), R2: medium-sized tear (1 to 3 cm), R3: large-to-massive tear (> 3 cm).

Fig. 1. Preoperative pain visual analog scale (VAS) was not different 
between two groups and improved continuously throughout follow-
up period. Significant pain improvement was found at two weeks 
postoperatively, and between postoperative (PO) 3 and 6 months in both 
groups. Range bars show the standard errors. *p  < 0.05.

Fig. 2. Forward flexion (FF) showed no difference at preoperative period, 
but faster recovery was demonstrated in injection group (146.47˚ ± 17.26˚) 
than in control group (137.65˚ ± 24.69˚) at two weeks postoperatively (*p  
= 0.09). Significant improvement of FF within groups was found between 
postoperative (PO) 6 weeks and 3 months, and postoperative 3 months 
and 6 months in both groups (**p  < 0.05).
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activity level. There were no significant differences in gen-
der, age, tear size, and arm dominance between the two 
groups. Table 1 lists the patients’ demographics.

The pain VAS was similar in the two groups before 
surgery, and improved continuously in a similar manner 
throughout the follow-up period in both groups. Signifi-
cant pain improvement was observed at two weeks post-
operatively, and between postoperative 3 and 6 months in 
both groups (p < 0.05) (Fig. 1).

Forward flexion showed no difference at the pre-
operative period. The injection group (146.47 ± 17.26) 

showed a tendency for faster recovery than in the control 
group (137.65 ± 24.69o) at two weeks postoperatively but 
the difference was not statistically significant (p = 0.09) 
(Fig. 2). However, no differences were observed between 
two groups thereafter. The external rotation of the arm on 
the side (Fig. 3) and internal rotation of the back (Fig. 4) 
were similar in two groups at the preoperative evaluation 
and each follow-up period.

Further analysis was performed to determine if the 
ROM had improved between two consecutive periods (i.e., 
2 to 6 weeks, 6 weeks to 3 months, 3 to 6 months, and 6 to 
12 months). Significant improvement in forward flexion 
(Fig. 2), external rotation at the side (Fig. 3), and internal 

Fig. 3. External rotation (ER) at side showed no significant statistical 
difference between two groups at serial follow-ups. Significant 
improvement of ER within groups was found between postoperative (PO) 
6 weeks and 3 months (*p  < 0.05) and postoperative 3 months and 6 
months in control groups (**p  < 0.05). 

Fig. 4. Internal rotation at back showed no significant statistical dif-
ference between two groups at serial follow-ups. Significant improve-
ment of internal rotation (IR) within groups was found between post-
operative (PO) 6 weeks and 3 months and postoperative 3 months and 6 
months in both groups (*p  < 0.05). 5: level of 5th thoracic vertebra, 13: 
level of 1st lumbar vertebrae, 17: level of 5th lumbar vertebrae, 18: any 
level below the sacral vertebrae.

Fig. 5. Constant score demonstrated no statistical difference between 
two groups at serial follow-ups. Significant improvement of constant 
score within groups was found between preoperative check and 
postoperative (PO) 6 months in both groups (*p  < 0.05). 

Fig. 6. American Shoulder and Elbow Surgeons (ASES) score was 
not different between two groups at serial follow-ups. Significant 
improvement of ASES score within groups was found between pre-
operative check and postoperative (PO) 6 months in both groups (*p  < 
0.05).
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rotation of the back (Fig. 4) was observed in both groups 
between 6 weeks and 3 months (p < 0.05) except for an 
external rotation of the arm on the side in the injection 
group. However, these differences were not significant be-
tween two consecutive periods.

Significant improvement in the functional scores 
was observed after surgery (p < 0.001) in both groups, but 
there were no differences in the Constant score (68.4/67.9 
at 6 months postoperatively, 68.0/69.3 at 12 months post-
operatively) (Fig. 5) and ASES score (82.5/84.4 at 6 months 
postoperatively, 83.0/85.1 at 12 months postoperatively) 
(Fig. 6) between the two groups.

The incidence of unhealed rotator cuff tendon con-
firmed by USG or CTA was 20% (5/25) in the injection 
group and 26.9% (7/26) in the control group, and there 
was no significant difference between the two groups. 

There were no acute complications related to an in-
jection of anti-adhesive agents including wound problems 
or infections.

DISCUSSION

Sodium hyaluronate, which was used as an anti-adhesive 
agent after arthroscopic rotator cuff repair in this study, 
is a naturally occurring component of the extracellular 
matrix. The application of HA gel as antifibrotic material 
employs the concepts derived from “scarless” fetal wound-
healing studies. In several animals, fetal incision healing 
occurs without scarring in the first two trimesters of preg-
nancy.14,15) High molecular weight HA is present in in-
creased concentrations in the extracellular matrix of these 
animals along with low concentrations of hyaluronidase 
and low concentrations of tumor growth factor (TGF)-be-
ta.16,17) These findings, at least in part, explain the scarless 
fetal wound healing. Several studies have reported HA gel9) 
or sheet10) to reduce postlaminectomy scar formation in 
animal model spinal surgery, which included the histology 
results. Akeson et al.10) reported progressive scar prolifera-
tion and maturation in an untreated postlaminectomy 
group in a rat laminectomy model. HA gel and 0.2 mm 
thick bioabsorbable macropore sheet reduced the level of 
postlaminectomy proliferative scarring without affecting 
the integrity of incisional wound healing.

The efficacy and safety of HA in abdominal and 
gynecologic surgery has been widely reported.7,8) Kumar 
et al.18) reported that a HA/CMC membrane was the only 
agent showing effectiveness as an anti-adhesiogenesis 
agent in general surgical patients. Several reports also have 
been published in orthopedic surgery. There are many re-
ports showing a decrease in the number of peritendinous 

adhesions with seprafilm or hyaluronate gel after repair 
of the flexor tendons in animal models.19,20) The use of 
sodium hyaluronate as a non-surgical therapy in shoulder 
disorders has been reported.21,22) However, considering 
that shoulder stiffness is one of the important complica-
tions after surgical repair, it is surprising that there are a 
few reports of the anti-adhesive effects of hyaluronate after 
shoulder surgery, particularly after rotator cuff repair.

Shoulder stiffness is a common and important 
complication after arthroscopic rotator cuff repair.3,4,23) 

Although it was reported that pain and limitation of 
ROM caused by shoulder stiffness after rotator cuff repair 
improved steadily regardless of the integrity of the ten-
don,13,24) early postoperative shoulder stiffness can lead to 
uncomfortable pain and adverse effects as an obstacle to 
scheduled rehabilitation. 

Huberty et al.4) reported 24 patients (4.9%) who 
developed postoperative stiffness out of 489 consecutive 
arthroscopic rotator cuff repairs, and treated these patients 
with arthroscopic capsular release. Therefore, preventing 
postoperative shoulder stiffness is an important issue after 
rotator cuff repair, and various efforts have been carried 
out.

There are several causative factors that contribute to 
shoulder stiffness after rotator cuff repair, and pre-existing 
pathology, surgical technique and inadequate rehabilita-
tion are the three main factors.25) Considering these fac-
tors, this study was randomized one. Hence, the number 
of patients with a pre-existing SLAP lesion or adhesive 
capsulitis was similar. In addition, all procedures were 
conducted by one senior surgeon (JHO), and the postop-
erative rehabilitation was supervised by the Department 
of Rehabilitation. Therefore, the effects of confounding 
factors were reduced. Furthermore, subacromial adhesion 
and capsular contracture might affect the postoperative 
shoulder stiffness. However, it is believed that a subacro-
mial adhesion may play a more important role in postop-
erative stiffness because many procedures were performed 
in the subacromial space (acromioplasty, bursectomy, cuff 
repair, etc.) thereby postoperative inflammation and sub-
acromial fibrous adhesion can occur in the subacromial 
space. Accordingly, it is expected that a HA/CMC injec-
tion into subacromial space after arthroscopic rotator cuff 
repair would help to prevent postoperative subacromial 
adhesion and improve the ROM. However, these results 
show disappointing anti-adhesive effects of HA/CMC 
after rotator cuff surgery. Postoperative adhesion of the 
shoulder appears to be different from that of abdominal 
or gynecological surgery because shoulder stiffness and 
pain from adhesion can be relieved or prevented by vigor-
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ous ROM exercises. This suggests that ROM exercises can 
mask or dilute the anti-adhesive action of hyaluronate in 
rotator cuff surgery, and might show similar clinical results 
to the control group. Early passive ROM other than HA/
CMC after cuff repair might reduce the level of postopera-
tive subacromial adhesion and stiffness but the possible 
higher unhealing rate of rotator cuff might be another 
complication of early motion. Limited subacromial de-
compression including routine acromioplasty might help 
reduce the level of postoperative subacromial adhesion 
but the procedure will need to be performed in a certain 
group of patients. It was expected that hyaluronate would 
be effective in preventing postoperative adhesion in the 
subacromial space and improve postoperative functions 
including pain, ROMs, and functional scores but the re-
sults suggested otherwise.

There are several reports that hyaluronate may 
stimulate wound healing in several ways. During the early 
inflammatory phase of wound healing, a high concentra-
tion of hyaluronate in the wound matrix leads to increased 
infiltration and proliferation of cells in this area.26,27) Im-
munohistochemical staining of CD45 showed that the cells 
invading the repair site were mainly non-leukocyte cells, 
most likely fibroblasts.28) These fibroblasts produce new 
collagen fibers that eventually bridge the repair and restore 
tendon breaking strength.29) However, these results did not 
demonstrate the enhancing effects of hyaluronate for cuff 
healing. The non-healing rate of rotator cuff was similar 
in the two groups, even though there were insufficient 
follow-up imaging studies. Further study will be needed to 
examine the wound healing effect of hyaluronate.

There were several limitations in this study. First, the 
follow-up period was too short to fully support this data. 
Therefore, a further long-term study will be needed. Sec-
ond, postoperative images could only be obtained in ap-
proximately 50% of patients, which might hamper the sta-
tistical power regarding cuff healing after surgery. Finally, 
all patients in both groups underwent early passive motion 
after surgery and there was no other control group with 
restricted passive motion while wearing brace. Therefore, 
it was not possible to determine if hyaluronate is more ef-
fective than restricted motion after rotator cuff repair.

In conclusion, although a subacromial injection of 
sodium hyaluronate to prevent subacromial adhesion af-
ter arthroscopic rotator cuff repair showed a tendency for 
faster improvement in forward flexion at 2 weeks postop-
eratively (p = 0.09) with no adverse effects on cuff healing, 
its anti-adhesive effect after rotator cuff repair should be 
considered carefully in future studies because all param-
eters were similar to the control group 12 weeks after sur-
gery.
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