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Background: Because high failure rates have frequently been reported after arthroscopic rotator cuff repair (ARCR) of massive
rotator cuff tears (mRCTs), we introduced the technique of ARCR with supraspinatus and infraspinatus muscle advancement (MA).
However, for cases where the original footprint cannot be completely covered, additional surgery using an approved artificial
biomaterial is performed.

Purpose: To investigate the postoperative clinical outcomes and failure rate after MA-ARCR, with and without our reinforcement
technique.

Study Design: Cohort study; Level of evidence, 3.

Methods: A total of 74 patients (mean ± SD age, 68.7 ± 7.7 years) diagnosed with mRCT with a minimum postoperative follow-up of
2 years were included in the current study. Of these patients, 47 underwent MA-ARCR with polyglycolic acid (PGA) sheet rein-
forcement (study group), and 27 patients underwent MA-ARCR alone (control group). PGA reinforcement was performed when full
coverage of the footprint could not be achieved by MA alone, but where the latter was possible, reinforcement was not required.
Thus, the study group had significantly worse muscle quality than the control group (P < .05). The pre- and postoperative range of
motion (ROM), isometric muscle strength, acromiohumeral interval, and clinical outcomes were evaluated and compared between
these 2 groups. Cuff integrity during the last follow-up period was assessed with magnetic resonance imaging, and the failure rate
was calculated. In addition, the postoperative foreign body reaction was investigated in the study group.

Results: In both groups, significant postoperative improvements were seen in acromiohumeral interval, clinical scores, ROM in
anterior flexion, and isometric muscle strength in abduction, external rotation, and internal rotation (P< .001 for all). The failure rate
of the study group was 12.8% (6 patients) and that of the control group was 25.9% (7 patients). No significant differences were
noted between the 2 groups on any of the data findings, even regarding the failure rate. Foreign body reactions in the early period
were found in 3 patients, although these spontaneously disappeared within 3 months.

Conclusion: Patients who underwent PGA patch reinforcement for MA-ARCR when the footprint could not be completely covered
had clinical results similar to isolated MA-ARCR when the footprint could be covered. Both procedures resulted in significant
improvement in symptoms and function compared with preoperatively.

Keywords: massive rotator cuff tear; muscle advancement; artificial degradable biomaterial; reinforcement

Rotator cuff tears (RCTs) are among the main causes of
shoulder pain, and they occur frequently in elderly people
and athletes. Repair of RCTs has been shown to improve
pain and restore shoulder function. Although good to excel-
lent clinical outcomes are reported by arthroscopic rotator
cuff repair (ARCR) for small- to medium-sized RCTs, in the

case of massive-sized RCTs (mRCTs), high rates of failure
(retear on magnetic resonance imaging [MRI] scans) have
been reported.7,14,18,43 Because previous reports have
shown a direct correlation between postoperative clinical
outcomes and anatomic healing of RCTs, reduction of the
failure rate after ARCR might be crucial to achieving an
excellent outcome.19 We therefore devised a method of
treatment using ARCR with supraspinatus (SSP) and
infraspinatus (ISP) muscle advancement (MA-ARCR) to
perform complete repair for mRCTs.47 The purpose of the
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procedure is to reduce the failure rate by reducing tension
on the tendons during repair.8 However, the procedure is
not effective for all cases, and there are still some cases
where the original footprint cannot be completely covered
even after MA-ARCR.

In previous reports, various factors have been cited as
being the cause of failure after ARCR for mRCTs, including
the low healing capacity of repaired cuff tendons38 and the
concentration of tension on the tendons undergoing repair.15

Previous reports have described the use of reinforcing
materials to enhance the repair capability4,5,11,33-35,38,39

and to reduce excessive tension at the repair site.1,6,24

Previously, it was reported that a tendon-like insertion
was regenerated by the use of an artificial biodegradable
material, a polyglycolic acid (PGA) sheet at the site of the
rotator cuff defect in a rabbit model.49 The PGA sheets can
potentially serve not only as a reinforcing material for the
repair site but also as a source of rotator cuff repair
enhancement and regeneration. This gave us the idea of
using this PGA sheet for reinforcement and enhancement
of rotator cuff tendon healing. The purpose of our study
was to investigate the clinical and radiologic outcomes and
failure rates of PGA sheet reinforcement for rotator cuff
healing after MA-ARCR.

METHODS

This study was approved by our institutional review board.
We retrospectively evaluated patients who had undergone
MA-ARCR with or without PGA sheet reinforcement for
mRCTs (�2 tendon tears involved, as defined by Gerber
et al16) between October 2011 and December 2017. The
exclusion criteria were as follows: isolated subscapularis
(SSC) or SSP tendon tear, post–acute trauma cases, revi-
sion cases after repair failure or infection, RCT with a neu-
rologic lesion (eg, cervical problems), and osteoarthritis or
rheumatoid arthritis. We also excluded patients who
showed indications (according to Japanese guidelines) of
reverse shoulder arthroplasty, such as anterosuperior
escape of the humeral head, Hamada classification grade
�4,17 or high fatty degeneration (grade 4 Goutallier classi-
fication on MRI12) of both SSP and ISP muscles >70 years
of age for Japanese RSA indication. Isolated MA-ARCR was
performed only for cases where full coverage of the footprint
was possible by adding muscle advancement alone, and
MA-ARCR with PGA sheet reinforcement was performed
for cases where full coverage was impossible by muscle
advancement. The final composition of the study group was
47 patients who underwent MA-ARCR with PGA sheet
reinforcement; the control group consisted of 27 patients
who underwent MA-ARCR alone. The descriptive data are

summarized in Table 1. Tendon retraction was categorized
according to the Boileau classification system,42 SSC ten-
don findings were categorized according to the Lafosse
method of classification,26 the long head of biceps brachii
(LHB) findings were categorized using a modified version of
the Lafosse classification method,25 and the degree of fatty
degeneration was categorized according to the Goutallier
classification system.12 Furthermore, the global fatty
degeneration index (GFDI) was calculated according to the
report by Fuchs et al.12

TABLE 1
Descriptive Data of the Study Group

and the Control Groupa

Variable

Study
Group

(n ¼ 47)

Control
Group

(n ¼ 27) P Value

Sex .28
Male 27 12
Female 20 15

Age, y 68.3 ± 8.1 69.4 ± 7.1 .73
Affected arm .91

Right 36 21
Left 11 6

Supraspinatus retraction .03b

Stage 3 21 19
Stage 4 26 8

Subscapularis lesion .32
Type 0 8 1
Type 1 15 11
Type 2 13 11
Type 3 10 4
Type 4 1 0
Type 5 0 0

Long head of biceps brachii
lesion

.42

Grade 1 9 5
Grade 2 7 8
Grade 3 10 2
Grade 4 12 7
Grade 5 9 5

Fatty degeneration, grade
Subscapularis 1.3 ± 1.5 0.9 ± 1.0 .5
Supraspinatus 2.1 ± 1.2 1.5 ± 0.6 .02b

Infraspinatus 2.0 ± 1.3 1.1 ± 0.9 .01b

Global fatty degeneration
index

1.8 ± 1.0 1.2 ± 0.5 .01b

Follow-up period, mo 24.2 ± 1.0 24.3 ± 0.7 .12

aValues are expressed as number of participants or mean ± SD.
bSignificant difference between the study group and the control

group (P < .05).
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Surgery

Arthroscopic Assessment of the Cuff Excursion. For
mRCTs, we performed a release of the superficial and deep
layers of the torn cuff where possible using a radiofre-
quency device. We then used a suture hook to penetrate the
stump of the rotator cuff with No. 0 nylon string, pulling
each thread outward with a force of 30 N measured by a
tension meter. We then checked whether the stump could
cover the entire footprint at the position of 30� of abduction
(Figure 1). The number of threads was usually 3, depending
on the tear size. The value of 30 N was determined from the
study by Davidson and Rivenburgh,8 which showed that
failure often occurs in repairs with a force of �30 N.

Suprascapular Nerve Release. After confirming that full
coverage of the footprint was not possible, we proceeded
with arthroscopic suprascapular nerve (SSN) release under
the same procedure as previously reported47 before per-
forming muscle advancement. When an electrothermal
device or shaver was used to progress inward along the
anterior edge of the SSP muscle, the superior transverse
scapular ligament, which runs across the scapular notch,
was detected. Then, arthroscopic SSN release was per-
formed by cutting the ligament with a blunt switching rod.

Muscle Advancement. Next, we moved to mini-open SSP
and ISP muscle advancement, as previously reported.47 A
4-cm transverse skin incision was applied along the medial
border of the scapular spine. The trapezius was released from
the spine, and the SSP and ISP muscle belly was elevated
from the scapular body without any continuity between the
rhomboidmuscles (Figure 2). Care was taken not to injure the
SSN on the lateral aspect. This procedure enabled us to mobi-
lize the retracted cuff tendon by about 2 cm.

Cuff Repair. After footprint decortication was per-
formed, 2 or 3 double-loaded medial anchors (Healicoil PK
or RG suture anchor; Smith & Nephew Endoscopy) were
inserted at regular intervals, depending on the tear size,

along the medial edge of the footprint. No medialization of
the footprint was performed in these patients. All 4 suture
limbs from each anchor penetrated the cuff tendons
through use of a retrograde retrieving device such as the
Banana Lasso (Arthrex). Then, we performed our modified
medial double-pulley technique (Figure 3A) (described in a
previous study47), so as to avoid too-frequent penetration of
the cuff tendons and to increase the contact area and pres-
sure between the sutures and cuffs. The suture limbs of the
double pulley were locked by pulling each of the limbs in
opposite directions from each of the corresponding anchor
knots (Figure 3B).

PGA Reinforcement. For patients in whom the footprint
could not be completely covered even after we performed
muscle advancement, a double-folded 0.5–mm thick PGA
sheet (Neoveil; Gunze Medical) was inserted along the
sutures of themedialanchorsandspreadover thecuff tendons,
with the aim of dispersing the stress on the cuff with thread or
tape and repair reinforcement. The size of the PGA sheet was
20-30 mm � 20 mm, depending on the area of the footprint
uncovered with the cuff stump. We fixed the torn tendon and
PGA sheet according to the suture-bridge technique so that the
repair site could be reinforced by the sheet (Figures 4 and 5).

Rehabilitation

After surgery, all patients wore abduction braces. Postoper-
ative rehabilitation was performed using the same protocol
for both groups as follows: Passive range of motion (ROM)
was commenced from 1 week, active ROM began at 4 weeks,
and abduction braces were removed at 6 weeks. When biceps
tenotomy or tenodesis was performed, elbow ROM was pro-
hibited for 3 weeks. Rotator cuff and deltoid muscle
strengthening exercises were permitted from 12 weeks
postoperatively.

Evaluation

Authors (Y.H., H.N, R.M, N.M.) who were not involved in
the surgery and who were blinded as to the procedure

Figure 1. Arthroscopic findings after cuff release. Each No.
0 nylon string was pulled outward through the cuff stump with
a force of 30 N measured by a tension meter. We then
checked whether the stump could cover the entire footprint
at 30� of abduction.

Figure 2. Muscle advancement surgery being performed.
After removal of the trapezius muscle from the scapular spine,
the supraspinatus (SSP) and infraspinatus (ISP) muscles were
elevated bluntly, with care taken not to injure the suprascap-
ular nerve. Black arrow indicates lateral direction.
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evaluated the pre- and postoperative ROM in anterior flex-
ion (AF), external rotation (ER), and internal rotation (IR).
The IR was expressed as the highest vertebral level able to

be reached, and this was converted to a numeric value. Fur-
thermore, the quantitative isometric muscle strengths of
abduction, ER, and IR were measured by a handheld

Figure 3. (A) Schematic drawing of a modified double pulley. (B) Picture of tied suture limbs of each medial anchor, forming
a modified double pulley. Black arrows indicate the directions for locking the knots from each anchor.

Figure 4. Arthroscopic findings during polyglycolic acid (PGA) reinforcement. (A) The torn cuff stump was well-mobilized after the
muscle advancement. (B) Suture limbs from the medial anchors were retrieved from the lateral portal. (C) The sheet was inserted
along the suture limbs of the medial anchors. (D) The torn tendon and PGA sheet were fixed together by the bridging sutures.
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dynamometer (MicroFet 2; Nihon Medix Co Ltd). Using pre-
viously reported methods,47 we measured the muscle
strength in seated patients; abduction strength was mea-
sured at 45� of abduction in the scapular plane, and the ER
and IR strengths were measured with the patient’s upper
arm at the side of body and the elbow at 90� of flexion in
ER/IR neutral position. We also compared the pre- and
postoperative clinical outcomes using the Constant score
and the University of California Los Angeles (UCLA)
Shoulder Rating Scale in both groups.

For improvement of superior migration, the pre- and
postoperative acromiohumeral interval (AHI) was mea-
sured from the true anteroposterior view on plain radio-
graphs taken in a standing and ER/IR neutral position.
Using a previously reported mothod,47 we defined the AHI
as the shortest distance between the undersurface of the
acromion and the top of the humeral head.

MRI scans performed at the final follow-up, together
with the Sugaya classification method, were used to calcu-
late and evaluate the failure rate and cuff integrity in both
groups. Sugaya types 4 and 5 were regarded as failures.
Postoperative evaluation of all findings was carried out at
2 years after surgery. In the study group, we also investi-
gated whether there were cases of foreign body reactions
that occurred around 2 months after surgery, including
fever, shoulder swelling, or elevated C-reactive protein
with normal white blood cell count. Such reactions usually
decrease after a couple of weeks with the usual anti-
inflammatory and analgesic treatment without any anti-
biotics. We therefore regarded this as a foreign body reaction,
not as an infection.

Statistical Analysis

For the statistical analyses, the descriptive data were
assessed via the chi-square test and Fisher exact test for
categorical variables and the Mann-Whitney U test for

numeric variables. Preoperative and postoperative values
were compared statistically using the paired t test. All find-
ings for the study group and the control group were com-
pared using the Mann-Whitney U test, except those
relating to the failure rate. This comparison was performed
using the chi-square test. P < .05 was set as a significant
difference.

RESULTS

According to the patients’ descriptive data (Table 1), the
study group had a significantly more severe SSP retraction
according to the Boileau classification method (P¼ .03) and
more severe fatty degeneration of the SSP, ISP, and GFDI
(P ¼ .02, .01, and .01, respectively) according to the Gou-
tallier classification system, when compared with the con-
trol group. No significant differences were seen between the
2 groups regarding preoperative ROM, muscle strength,
clinical outcomes, or AHI (Table 2). In total, 29 patients
from the study group underwent LHB surgery (21 tenot-
omy and 8 tenodesis), and 12 patients from the control
group underwent the same surgery (10 tenotomy and 2
tenodesis).

The follow-up was at a mean of 24.2 ± 1.0 months (range,
24-30 months) in the study group and 24.3 ± 0.7 months
(range, 24-26 months) in the control group. Although the
postoperative AF ROM in both the study and control groups
showed a significant improvement compared with preoper-
ative values (P < .001 for both groups), neither ER nor IR
ROM showed any significant improvement after surgery
(P ¼ .32 in the study group; P ¼ .63 in the control group).
Muscle strength in abduction, ER, and IR improved signif-
icantly after surgery in both groups (P < .001 for all). Sim-
ilarly, the Constant and UCLA scores as well as the AHI
improved significantly after surgery in both groups (P <
.001 for all) (Table 2). Comparisons between the study
group and the control group after surgery resulted in no
significant differences regarding any of the variables
(Table 2).

The results of cuff integrity are shown in Table 3. MRI
appearance for healed rotator cuffs in the study group
was similar to that in the control group. Sugaya types 4
and 5, regarded as failures, comprised 12.8% (6 failures)
of the study group and 25.9% (7 failures) of the control
group. Figure 6 shows the arthroscopic findings in a
patient at second-look surgery 3 months after MA-
ARCR with PGA sheet reinforcement. This patient
underwent osteosynthesis because of an acromion frac-
ture 2 months after the MA-ARCR surgery (performed
with patient consent).

Overall, 3 of the 47 patients (6.4%) in the study group
had fever and swelling of the affected shoulder and elevated
C-reactive protein (average, 3.52 mg/dL; range, 2.14-
15.44 mg/dL), which seemed to signify a foreign body reac-
tion due to PGA and which started around 2 to 3 months
after surgery. However, the symptoms disappeared spon-
taneously in 1 to 2 weeks and did not leave any sequelae
such as osteolysis.

Figure 5. Schematic drawing of the suture bridge with poly-
glycolic acid (PGA) reinforcement.
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DISCUSSION

This is the first study to examine the postoperative results
of ARCR with muscle advancement and artificial biode-
gradable materials as a reinforcement for mRCTs. This
technique significantly improved not only the ROM of ante-
rior flexion, isometric muscle strength, and clinical results
but also the AHI, which was the sole indication of the
humeral head’s depressor effect. Although the PGA rein-
forcement group had a significantly more severe preopera-
tive rotator cuff pathology, the same failure rate could be
achieved as in the group in which complete coverage was
possible with MA-ARCR alone, despite relatively modest
Constant scores in both groups. Although 3 of the 47
patients who underwent MA-ARCR with PGA experienced
local inflammatory responses, which appeared to be a for-
eign body reaction, these adverse responses were resolved
spontaneously after 1 or 2 weeks without causing any major
complications.

Regarding ARCR for mRCTs, high failure rates have
been reported by many authors.8,14,16,18,43,47 Cho and Rhee7

reported that even with elderly patients, in whom larger
tears and severe fatty degeneration pose considerable risk
factors for failure after ARCR, pain relief was achieved suc-
cessfully and disruption of daily activities was minimal
even in cases of failure. In contrast, Heuberer et al19

reported that clinical results were significantly better in
the complete repair group compared with the results for
arthroscopic debridement and partial repair of the mRCTs.
Various treatment methods have been developed and per-
formed, aiming for complete healing of such tears, but sev-
eral problems have accompanied each procedure. Partial
repair has been reported to produce good short-term
results,22 but there is concern about long-term results.
Medialized repair for retracted RCTs has been able
to achieve good clinical outcomes and lower failure rates.23

However, it is possible that abduction muscle strength may
be inferior owing to a decrease in the moment arm by the
footprint medialization.31 Patch grafts or superior capsular

TABLE 3
Results of Cuff Integrity According to

Sugaya Classification

Variable
Study Group

(n ¼ 47)
Control Group

(n ¼ 27)

Sugaya classification, n
Type 1 3 4
Type 2 31 13
Type 3 7 3
Type 4 0 2
Type 5 6 5

Failure rate, %a 12.80 25.90

aThe failure rate between groups was not significant (P ¼ .21).

Figure 6. Arthroscopic image taken at the second-look
surgery 3 months after polyglycolic acid sheet reinforcement.

TABLE 2
Pre- and Postoperative Values of Range of Motion, Isometric Muscle Strength, Clinical Scores, and AHIa

Variable

Study Group Control Group P Value (Study vs Control)

Pre Post Pre Post Pre Post

Range of motion
AF angle, deg 111 ± 43 140 ± 26b 122 ± 37 148 ± 21b .23 .21
ER angle, deg 39.8 ± 29.3 42.7 ± 22.3 51.4 ± 22.3 50.2 ± 13.6 .08 .16
IR level, Th spine 11.3 ± 3.1 11.4 ± 2.5 12.2 ± 2.7 11.8 ± 2.4 .15 .65

Muscle strength, N
Abduction 26.0 ± 17.5 44.8 ± 22.6b 23.3 ± 15.6 41.7 ± 21.4b .61 .61
ER 31.4 ± 22.4 49.7 ± 23.7b 26.3 ± 14.9 48.9 ± 21.7b .69 .79
IR 80.0 ± 43.2 103 ± 44.0b 61.2 ± 28.0 91.0 ± 38.3b .14 .2

Clinical outcomes
Constant score 41.2 ± 16.1 70.4 ± 18.0b 42.7 ± 15.0 69.3 ± 14.3b .33 .59
UCLA score 14.6 ± 5.2 29.6 ± 6.4b 12.6 ± 3.1 29.0 ± 6.4b .23 .72
AHI, mm 6.9 ± 2.8 9.1 ± 2.7b 7.4 ± 2.0 9.3 ± 2.3b .4 .99

aValues are expressed as mean ± SD. AF, anterior flexion; AHI, acromiohumeral interval; ER, external rotation; IR, internal rotation;
Pre, preoperative; Post, postoperative; Th spine, thoracic spine; UCLA, University of California Los Angeles.

bSignificant difference between the pre- and postoperative values (P < .001).
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reconstructions (which often use fascia lata27,28 to span the
rotator cuff defect) sacrifice normal tissues, with a strong
possibility that the free transplanted tissue will be necrotic.
In a systematic review, Jordan et al21 reported that despite
significant clinical outcomes achieved for mRCTs treated
by superior capsular reconstruction, graft tears after supe-
rior capsular reconstruction were concerning enough to
warrant longer term follow-up. Latissimus dorsi muscle
transfer for mRCTs also sacrifices normal tissue, has poor
recovery of muscle strength after surgery, and may cause
osteoarthritis in the future.20,30 However, good outcomes
have been reported from reverse shoulder arthro-
plasty2,10,45 and from SSC tendon transfer and small-head
hemiarthroplasty.44 Because these replacement surgeries
use an artificial prosthesis, there are concerns about future
loosening of the components and deterioration of the
outcomes.

We believe that complete anatomic repair can provide
good, long-lasting clinical results. Hence, we reported on
a technique of ARCR combined with “living” SSP and ISP
muscle advancement for mRCTs for which it has been dif-
ficult to achieve primary repair, and we showed that the
failure rate can be significantly reduced.47 Debeyre et al9

first reported open muscle advancement with acromio-
osteotomy, and Morihara et al29 modified this procedure
arthroscopically without acromio-osteotomy. Morihara
et al performed the procedures while maintaining medial
fascial continuity and added arthroscopic SSN to prevent
the postoperative SSN palsy described by Warner et al.46

We also performed muscle advancement with arthroscopic
SSN release to avoid postoperative SSN palsy and without
medial fascial continuity to extract the torn cuff tendon
more laterally. We have never experienced obvious postop-
erative SSN palsy, except for in 1 patient who had some
paresthesia around her shoulder girdle. Although good sur-
gical results were obtained, the failure rate in our study
was still about 23%,47 and further improvement of the pro-
cedure is needed.

Many reports of reinforcement are drawn from basic
research on rotator cuff repair using commercially avail-
able scaffolds, whether biomaterial or graft.41 Regarding
artificial synthetic materials, Proctor35 reported successful
long-term results (postoperative American Shoulder and
Elbow Surgeons shoulder score of 82 at 42 months without
any failure cases) and a comparable failure rate (4 of 18;
22.2%) for mRCTs with a poly-L-lactic acid synthetic patch.
Petrie and Ismaiel34 also reported good clinical and struc-
tural outcomes (2 revisions in 31 cases) for rotator cuff
repair with a polyester artificial ligament (ligament aug-
mentation and reconstruction system). Petriccioli et al33

reported good short-term clinical outcomes (80% of patients
had a good or excellent result) and structural outcomes
(90% of patients revealed structurally intact repair on
ultrasound imaging) by means of SportMech, a readily
available synthetic degradable poly(urethane urea) scaf-
fold. However, none of these synthetic materials have been
approved for use in rotator cuff repair in Japan. Barber
et al1 described achieving good clinical and structural out-
comes using allografts or xenografts and acellular human
dermal matrix (GraftJacket; Wright Medical Technology)

for the augmentation of large cuff tear repairs. They
achieved good structural outcomes (intact cuffs in 85% of
the augmented group) and clinical outcomes (28.2 on the
UCLA score). In a randomized clinical trial, porcine small
intestinal submucosa-augmented rotator cuff repair
(Restore Orthobiologic Implant; DePuySynthes) did not
provide superior outcomes in patients with moderate
RCTs.4 Chalmers et al5 reported on the surgical technique
of using porcine dermis to augment the biological para-
meters of cuff repair. However, these materials have not
been approved for clinical use in Japan either, on ethical
grounds. Recently, an interesting technique using a biode-
gradable balloon-type material (InSpace) for rotator cuff
defects has been reported, although the results do not seem
to be stable.37,40 Although polytetrafluoroethylene felt39

was previously used as a patch for mRCTs in Japan, its use
has been withheld in recent years because of reports of bone
resorption.13 Because a PGA sheet can be used in thoracic
surgery, even in Japan,32 we decided to use this material
for augmentation at the repair site after conducting some
animal experiments to confirm its safety and effectiveness
for rotator cuff repair.48,49 Kokubu et al24 reported on this
same method, using autologous fascia lata as reinforcement
for the repair site. However, the use of fascia lata requires
autograft tissue and donor site morbidity, as described
above.

Our method achieved the same ROM, muscle strength,
improved clinical outcomes, and failure rate for signifi-
cantly more severe cases where complete coverage could
not be achieved with MA alone, compared with patients
in whom complete coverage was achieved with MA. Com-
pared with previous reports,16,18,19,43 our failure rate of
12.8% was remarkably lower, considering that all patients
had mRCTs. The reason may be that the tension produced
by the anchor sutures or tapes was dispersed, with the PGA
sheet covering the surface of the repaired torn rotator cuff.
Another reason is that the PGA sheet has good biocompat-
ibility and fiber-inducing ability,48,49 which enables a lot of
cufflike fibrous tissue to be produced on the surface of the
rotator cuff.

Previous studies have reported that a foreign body reac-
tion becomes a problem when using PGA. Böstman and
Pihlajamäki3 reported a 5.3% probability of a foreign body
reaction due to PGA-based absorbable pins or screws, with
an average appearance at 11 weeks postoperatively. Rok-
kanen et al36 reported that about 2% of noninfectious
inflammation occurred 2 to 3 months after surgery when
using PGA absorbable pins. We had a 6.4% rate of nonin-
fectious reaction 2 to 3 months after surgery, but it disap-
peared spontaneously with no significant sequelae.

There are some limitations of this study. First, it was
retrospective and not randomized. The number of the par-
ticipants was relatively small and the follow-up period was
short; more patients and a longer follow-up period are
required. The slightly higher failure rate in the control
group than in the study group (25.9% vs 12.8%) meant that
power analysis was necessary because of the increased risk
of type II error. Second, different indications for surgery in
the 2 groups meant that there were differences in patient
background. However, patients in the study group had a
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significantly larger tear size (P ¼ .03), and the degree of
fatty degeneration of the SSP and ISP was significantly
more severe (P ¼ .01-.02). Finally, it was also a limitation
to exclude severe mRCTs, for which reverse shoulder
arthroplasty is indicated in Japan.

CONCLUSION

We performed ARCR with SSP and ISP muscle advance-
ment and PGA sheet reinforcement for mRCTs. Significant
postoperative improvements were seen in AHI, clinical
scores, ROM in anterior flexion, and isometric muscle
strength in abduction, ER, and IR. The MA-ARCR with
PGA method achieved the same ROM muscle strength,
improvement in clinical outcomes, and failure rate as
MA-ARCR alone, for significantly more severe cases where
complete footprint coverage could not be achieved with
MA. Foreign body reactions in the early period were found
in 3 patients, although these spontaneously disappeared
within 3 months.
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