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Symptomatic massive rotator cuff tears pose a particu-
larly complex and difficult challenge for the orthopedic 
surgeon. Surgical repair of these tears is technically dif-
ficult and is associated with a re-tear rate distinctly higher 
than that associated with the repair of smaller tears.1) Re-

Background: The aim of this study was to describe the mini-open suture bridge technique with porcine dermal patch augmenta-
tion for massive rotator cuff tear and to assess preliminary clinical and radiological results.
Methods: Five patients with massive rotator cuff tear for which it was not possible to restore the anatomical footprint underwent 
mini-open suture bridge repair using a porcine dermal patch. The patients’ average age was 53.4 years (range, 45 to 57 years), and 
the average duration of follow-up was 20.6 months (range, 14 to 26 months). Patients were evaluated with preoperative and post-
operative outcome measures, including a visual analog scale (VAS) for pain, the University of California Los Angeles (UCLA) score, 
and the American Shoulder and Elbow Surgeons (ASES) score. The structural integrity of repaired rotator cuffs was assessed by 
magnetic resonance imaging 6 months postoperatively. 
Results: The average VAS pain score, UCLA score, and ASES score improved from 6.8, 15.4, and 39.4 preoperatively to 0.8, 31.2, 
and 86.4 postoperatively (p  = 0.041, 0.042, and 0.043, respectively). Magnetic resonance images obtained at an average of 8 
months after surgery showed that four patients had intact repair integrity with graft incorporation. One patient had a re-tear with 
partial healing but still had a satisfactory clinical outcome. There was no intraoperative or postoperative complication in any pa-
tient.
Conclusions: Mini-open suture bridge repair with porcine dermal patch augmentation can be an option in young patients with 
high physical demands and massive rotator cuff tears for which it is not possible to restore the anatomical footprint. 
Keywords: Rotator cuff, Massive tear, Porcine dermal patch, Mini-open, Suture bridge technique

tear rates ranging from 41% to 94% have been reported, 
depending on factors including the patient’s age, tear size, 
tendon quality, muscle atrophy and fatty infiltration, repair 
technique, and postoperative rehabilitation.2-9)

In massive rotator cuff tear, all attempts must be 
made to mobilize tendons so that they can be reattached 
to their anatomical insertion sites on the greater tuberos-
ity in a tension-free manner.10) Unfortunately, the rotator 
cuff tear margin cannot always be reduced and repaired 
completely.11) Thus, there is a continuing need for repair 
strategies that can augment the repair by mechanically 
reinforcing it, while biologically enhancing the intrinsic 
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healing potential of the tendon.8)

Scaffolds can provide mechanical support for the re-
paired rotator cuff and have biological properties that may 
favorably influence cell proliferation and differentiation, 
ideally improving tendon-to-bone healing.1) They have 
been used as a surgical option in active patients with irrep-
arable tears, especially those involving the posterosuperior 
rotator cuff. Scaffolds derived from synthetic polymers 
and extracellular matrices of human, porcine, or bovine 
have been processed and marketed for augmentation in 
the repair of massive tears.12-17) Although animal studies 
have demonstrated that these various scaffolds may, in 
fact, enhance rotator cuff healing, clinical data to support 
their use are limited.15,17-19)

Permacol (Covidien, Mansfield, MA, USA) is a 
biological implant consisting of an acellular scaffold of col-
lagen and elastin, derived from porcine dermal tissue.20) 
Cross-linking provides resistance to collagenase enzymes 
that are responsible for the breakdown and resorption of 
implanted collagen.21) After implantation, the patch sup-
ports fibroblast infiltration and revascularization so that it 
gradually becomes incorporated into the surrounding tis-
sue.21) It has been used successfully for the reconstruction 

of human connective tissue involving general, urological, 
and gynecological procedures.20)

However, only four clinical studies of rotator cuff re-
pair using a Permacol patch have been reported, two with 
satisfactory results and two with disappointing results.21-24) 
Furthermore, there are few articles describing the precise 
surgical technique, an important factor in tendon-to-bone 
healing, for massive rotator cuff repair with patch augmen-
tation. Thus, this study was conducted to assess a mini-
open suture bridge technique with porcine dermal patch 
augmentation for massive rotator cuff tear and to evaluate 
preliminary clinical and radiological results.

METHODS

This study was approved by our Institutional Review 
Board. All study participants provided written informed 
consent. In total, 283 patients underwent rotator cuff sur-
gery, performed by a single surgeon at our institution, be-
tween 2010 and 2011. Of 35 patients with massive rotator 
cuff tear, five consecutive patients who underwent a mini-
open suture bridge repair using a porcine dermal patch 
were enrolled in this study. A massive rotator cuff tear was 

Table 1. Patient Demographics 

Case 
no.

Age 
(yr) Gender Dominant 

arm
Duration of 

symptoms (mo)
Involved 
tendons

Fatty  
infiltration

Preoperative  
VAS score

Preoperative  
UCLA score

Preoperative 
ASES score

1 45 F Yes 12 SSP, ISP Grade 2 8 10 37.0

2 54 M Yes 72 SSP, ISP Grade 2 7 21 56.7

3 57 M Yes 48 SSP, ISP Grade 1 4 20 51.7

4 55 F Yes 24 SSP, ISP Grade 2 7 11 31.7

5 56 M No 16 SSP, ISP Grade 3 8 15 20.0

VAS: visual analog scale, UCLA: University of California, Los Angeles, ASES: American Shoulder and Elbow Surgeons, SSP: supraspinatus, ISP: infraspinatus. 

Table 2. Postoperative Outcomes

Case 
no.

Final VAS 
score

Final UCLA 
score

Final ASES 
score

 Follow-up 
period (mo)

Postoperative 
MRI (mo)

Repair integrity 
on MRI Complications

1 2 26 62.0 27 6 Intact No

2 0 35 100.0 24 12 Intact No

3 0 35 98.3 18 9 Re-tear No

4 1 29 81.7 14 6 Intact No

5 1 31 90.0 20 7 Intact No

VAS: visual analog scale, UCLA: University of California, Los Angeles, ASES: American Shoulder and Elbow Surgeons, MRI: magnetic resonance imaging. 
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defined as a tear > 5 cm in diameter or as involvement of 
at least two entire tendons.25) The inclusion criteria were: 
(1) posterosuperior massive rotator cuff tear, confirmed 
by magnetic resonance imaging (MRI) and arthroscopic 
findings, (2) massive rotator cuff tear for which it is not 
possible to reattach tendons at the anatomical insertion 
sites despite full mobilization, (3) active individuals aged 
60 years or younger, (4) failure of conservative treatment 
after > 3 months, and (5) no history of previous shoulder 
procedures. Exclusion criteria were: (1) anterosuperior 
massive rotator cuff tear, (2) irreparable massive rotator 
cuff tear that could be only partially repaired despite full 
mobilization, (3) static superior migration of the humeral 
head, (4) fatty infiltration affecting ≥ 50% of the rotator 
cuff musculature, based on the Goutallier classification,26) 
and (5) inability to comply with the postoperative rehabili-
tation program.

The average age of the patients was 53.4 years (range, 
45 to 57 years). There were three men and two women. 
The average duration of symptoms before surgery was 34.4 
months (range, 12 to 72 months), and four dominant arms 
and one non-dominant arm were affected. The average 
follow-up period after surgery was 20.6 months (range, 14 
to 27 months) (Tables 1 and 2).

Surgical Technique
With the patient placed in the lateral decubitus position 
and given general anesthesia, a standard arthroscopic 
glenohumeral examination and arthroscopic subacromial 
decompression were performed. The size and location of 
the torn tendons were evaluated, and careful debridement 
of the margin of the rotator cuff tear and adhesive tissue 
was performed.

Then, the torn tendons were repaired with a mini-
open technique, using an anterolateral approach.27) A 3- to 
4-cm skin incision was made from the anterolateral edge 
of the acromion to the distal edge, and the raphe between 
the anterior and middle deltoid was dissected. As torn 
tendons were tagged with traction sutures, we confirmed 
the involvement and configuration of the torn tendons by 
rotating the arm and attempted reduction on the footprint 
of the greater tuberosity after full mobilization. In selected 
cases, massive tears could not be repaired to their ana-
tomical insertion sites despite full mobilization, so we used 
Permacol patch augmentation.

To medialize the footprint of the rotator cuff and 
insert suture anchors for medial row fixation, we removed 
3–4 mm of medial articular cartilage from the junction of 
the articular cartilage and the medial aspect of the foot-
print on the greater tuberosity using a ring curette and 

a burr. The footprint on the greater tuberosity was also 
debrided. A 6.0-mm Duet suture anchor (Linvatec, Largo, 
FL, USA) was inserted 3–4 mm medially of the junc-
tion of the articular cartilage and the medial aspect of the 
footprint on the greater tuberosity. Sutures were passed 
through approximately 7–10 mm of the medial portion of 
the torn tendons in a mattress manner and then tied with 
a sliding knot. Depending on the tear size and pattern, two 
or three suture anchors were used for medial row fixation 
(Fig. 1A).

To reinforce the repaired rotator cuff, a Permacol 
patch was created of an appropriate size and configuration. 
Medial suture limbs then were passed again through the 
patch and tied with two half-hitch knots. Tied suture limbs 
from the medial row were fixed at 1.5 cm distal to the lat-
eral edge of the footprint using Footprint suture anchors 
(Smith & Nephew, London, UK). Additionally, 5–8 mar-
ginal sutures using No. 2 non-absorbable sutures (Ethicon, 
Cornelia, GA, USA) were placed at the medial, anterior, 
and posterior borders of the grafted patch (Fig. 1B).

Wearing an abduction brace, patients were immo-
bilized until 6 weeks after surgery, and then they started 
passive range of motion exercises. They began active range 
of motion exercises at 10 weeks after surgery. Muscle-

Fig. 1. Schematic illustrations of the mini-open suture bridge technique 
with porcine dermal patch augmentation. (A) Medialization of the 
footprint and medial row fixation using suture anchors. (B) Suture bridge 
fixation and marginal sutures with porcine dermal patch augmentation.
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strengthening exercises were allowed at 4 months and 
sports and occupational activities at 6 months after sur-
gery.

Clinical and Radiological Assessments
Patients were evaluated with preoperative and postopera-
tive outcome measures, including a visual analog scale 
(VAS) for pain, the University of California, Los Angeles 
(UCLA) score, and the American Shoulder and Elbow 
Surgeons (ASES) score. The structural integrity of repaired 
rotator cuffs was evaluated by MRI at 6 months postop-
eratively. The diagnosis of a fullthickness retear was made 
when a fluid-equivalent signal or discontinuity of the 
rotator cuff was found in one or more of the standard T2-
weighted images (3 mm intervals).3) Graft incorporation 
was defined as intermediate signal intensity around the 
graft with intact continuity on oblique coronal T2-weight-
ed images.3)

Statistical analyses of preoperative and postoperative 
outcome measures were performed using the Wilcoxon 
signed-rank test. Statistical significance was set at a p-
value of < 0.05.

RESULTS

All patients showed significant pain relief and functional 
improvement after surgery. The average VAS pain score 
decreased from 6.8 preoperatively to 0.8 at final follow-up 
(p = 0.041). The average UCLA score improved from 15.4 
preoperatively to 31.2 at final follow-up (p = 0.042). The 
average ASES score improved from 39.4 preoperatively to 
86.4 at final follow-up (p = 0.043).

MRI at an average of 8 months (range, 6 to 12 
months) after surgery revealed intact repair integrity with 
graft incorporation in four patients (Fig. 2). One patient 
suffered a full-thickness re-tear of the repaired supraspina-

Fig. 2. Preoperative (A) and postoperative 
(B) magnetic resonance images. The 
image obtained 6 months after surgery 
shows an intact repair with graft incor-
poration.

Fig. 3. Preoperative (A) and postoperative (B, C) magnetic resonance images. Images obtained 8 months after surgery show a full-thickness re-tear of 
the repaired supraspinatus (B) but with partial healing of the posterior edge of the rotator cuff and graft incorporation (C).
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tus with partial healing of the posterior edge of the rotator 
cuff and graft incorporation at 8 months after surgery but 
still had a satisfactory clinical outcome (Fig. 3). No intra-
operative or postoperative complication occurred.

DISCUSSION

The most important finding of this study was that mini-
open suture bridge repair with porcine dermal patch 
augmentation can work well in young patients with high 
physical demands in whom it is not possible to restore the 
anatomical footprint of a massive rotator cuff tear. A me-
ticulous repair technique is fundamental to reducing the 
mechanical forces on the repaired tendon.

The prevalence of massive rotator cuff tears re-
ported in the literature ranges from 10% to 40% of all rota-
tor cuff tears and the treatment of symptomatic massive 
tears is challenging.1,11) Recent studies of large case series 
have demonstrated a re-tear rate after repair of 41%–94% 
in patients with massive tears.2-9) Structural integrity of 
repaired rotator cuffs has been shown to correlate with 
clinical improvement, particularly in the recovery of 
muscle strength.3) Re-tears are believed to result primarily 
from tension overload, insufficient biological healing at 
the repair site, or both. Traditional methods for improv-
ing tendon-to-bone healing after rotator cuff repair have 
focused on improving mechanical factors, as with Mason-
Allen sutures, suture anchors, and the double-row fixa-
tion technique. Recent interest in biological solutions has 
included the use of scaffolds, platelet-rich plasma, growth 
factors, and stem cells.

In massive rotator cuff tears, surgeons may find 
that torn tendons cannot always be reduced and repaired 
in a tension-free manner. At this point, although there is 
substantial controversy over the most successful strategy, 
surgeons have a few treatment options, including simple 
debridement, partial repair, biceps augmentation, patch 
grafting, and tendon transfer.1,11,28)

Recently, scaffolds for patch grafting have been de-
rived from synthetic polymers and extracellular matrices 
of human (dermis), porcine (dermis, small intestine sub-
mucosa), or bovine (dermis) sources and used in the treat-
ment of massive rotator cuff tears.12-17,21) The rationale for 
the use of such scaffold devices includes mechanical aug-
mentation by off-loading the repair at time zero and for a 
period of postoperative healing, biological augmentation, 
by improving the rate and quality of healing, or both.8,29) 
Although the validity of scaffolds and the advantages their 
use have been demonstrated in animal studies, clinical 
data to support their use are limited.15,17-19) Furthermore, 

numerous questions related to their indication, safety, 
mechanism of action, and efficacy remain.29)

The Permacol patch, consisting of porcine dermal 
collagen, has been available since 1998. These patches have 
been used successfully for the reinforcement of several hu-
man body tissues and have been shown to act as durable, 
permanent tissue scaffolds that assist healing in abdomi-
nal, urological, and gynecological procedures.20) The ma-
terial is purified and cross-linked through a process that 
makes it resistant to collagenase degradation. It has proven 
to be strong and to have good cell infiltration and rapid re-
vascularization. The implant is provided in sheet form and 
may be ideal for the reinforcement of large tendon tears at 
the repair site.

However, few data are available on complications or 
limitations of the patch; only four clinical studies of rotator 
cuff repair using Permacol patch have been reported.21-24) 
Proper et al.23) reported that 10 patients had excellent pain 
relief using a porcine dermal patch with no graft-related 
adverse effects. However, they did not describe the struc-
tural integrity after the repair. Badhe et al.21) reported that 
grafts were intact in 8 of 10 patients (80.0%) at an average 
of 4.5 years after repair with porcine dermal patch aug-
mentation. They concluded that the use of porcine dermal 
patches in the treatment of massive rotator cuff tears pro-
duced satisfactory clinical outcomes with regard to safety.

However, Soler et al.24) reported that in all four cases 
in which a porcine dermal patch was used as a bridging 
device, the patch failed after 3–6 months despite a promis-
ing early postoperative period. Kim and Kim22) reported 
that 4 of 6 cases (66.7%) had re-tears after rotator cuff 
repair in which porcine dermal patch was used as bridging 
devices. In present study, we used porcine dermal patch 
as augmentation devices. Although there were only five 
patients in our series, they had satisfactory clinical out-
comes, and four patients showed intact repairs and graft 
incorporation. In view of our results and those reported by 
other researchers, we believe that use of scaffolds as bridg-
ing devices should not be recommended in the treatment 
of irreparable massive rotator cuff tears.

In the current study, one patient had a full-thickness 
re-tear but with partial healing of the posterior rotator cuff 
and graft incorporation. Additionally, that patient had an 
excellent clinical outcome. Burkhart30) defined a large rota-
tor cuff tear that does not impair function as one involv-
ing the supraspinatus tendon and the superior half of the 
infraspinatus tendon, because balanced force couples are 
maintained in this setting. Partial healing of the posterior 
cuff may permit restoration of a stable fulcrum for the 
glenohumeral joint, maintaining a balanced force couple. 
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This is likely the reason that our patient with a re-tear had 
an excellent clinical outcome.

It has been demonstrated that several factors are 
associated with re-tear after rotator cuff repair, including 
age, tear size, tendon quality, muscle atrophy and fatty 
infiltration of the rotator cuff, repair technique, and post-
operative rehabilitation.1,3,6) One of the most important 
factors for tendon-to-bone healing in massive rotator cuff 
repair is the use of a technique that can avoid tension over-
load. In the case of a massive rotator cuff tear that cannot 
be adequately reduced and anatomically repaired in a ten-
sion-free manner, the most appropriate repair technique 
is still debatable. Proponents of the single-row technique 
for retracted tears argue that a single-row repair in a me-
dialized position at the articular margin places the repair 
under less tension, allowing for biological healing in a 
reduced-tension environment.10) Advocates of the double-
row technique cite superior biomechanical characteristics 
and an increased contact area for healing, even though it 
is a high-tension environment.1,10) The surgical technique 
may contribute to the success or failure of rotator cuff re-
pair using patch grafts.19) To avoid tension overload and to 
obtain a superior biomechanical environment, we used a 
combined technique: (1) 3- to 4-mm medialization of the 
footprint, (2) augmentation with a porcine dermal patch, 

and (3) double-row suture bridge repair.
This study had several limitations, including the 

small number of participants, the absence of a control 
group, and the short follow-up period. However, we did 
introduce a new repair technique using a porcine dermal 
patch to reduce the mechanical forces on the repaired ten-
don and enhance tendon-to-bone healing in massive rota-
tor cuff tears for which restoring the anatomical footprint 
is not possible. Also, our promising preliminary results, 
with no graft-related complication, allows the continued 
application of porcine dermal patch as augmentation de-
vices in selected cases. Prospective randomized, controlled 
trials are required to assess any benefit over current stan-
dard surgical treatment regimens and to determine the 
correct indications for the use of the scaffold.

In conclusion, mini-open suture bridge repair with 
porcine dermal patch augmentation can be an option in 
young patients with high physical demands and massive 
rotator cuff tears in which it is not possible to restore the 
anatomical footprint.
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