Original Article

https://doi.org/10.14517/aosm16015
pISSN 2289-005X·eISSN 2289-0068

Mid-term results of arthroscopic porcine dermal xenograft
augmentation for irreparable massive rotator cuff tears: a
3-year follow-up study
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Background: In this study we assessed the mid-term results of arthroscopic augmentation with porcine dermal xenografts for irreparable rotator cuff tears.
Methods: Between February 2010 and February 2012, ten patients with irreparable rotator cuff tears were treated with
arthroscopic augmentation with porcine dermal xenografts. All patients were followed up for at least three years. Clinical
scores the University of California, Los Angeles (UCLA) scoring system, the Constant score, and the American Shoulder
and Elbow Surgeons (ASES) shoulder score were evaluated both preoperatively and postoperatively in all patients. We
evaluated repair status in terms of radiological outcome through magnetic resonance imaging after a mean 10.3 months
of operation.
Results: The study population consisted of seven men and three women with a mean age of 64.9 years (range, 53–72
years) and a mean follow-up of 42.5 months (range, 36.2–47.1 months). The clinical outcome significantly improved for
all patients. The mean UCLA score increased from 15.50 preoperatively to 30.10 postoperatively (P < 0.001). The mean
Constant score improved from 59.80 to 83.90 (P = 0.001), and the mean ASES score, from 58.60 to 85.30 (P = 0.001). However, there were no significant differences between the intact group and the retear group in terms of clinical results. Magnetic resonance imaging at the follow-up examinations demonstrated patch continuity between the native cuff and the
greater tubercle in five patients (50%). We did not observe any significant difference between the intact group and retear
group in terms of, preoperatively, the size of the tear, degree of muscle atrophy, smoking status, use of steroids, and, postoperatively, the rehabilitation protocol.
Conclusion: We found that arthroscopic repairs using porcine dermal xenografts for irreparable massive rotator cuff tears
is associated with improved clinical outcome in most patients, despite a retear rate of 50%. Thus, we conclude that porcine dermal patch augmentation can be one of the treatment options for patients with either reparable subscapularis or
infraspinatus.
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INTRODUCTION
The clinical outcomes of open or arthroscopic repairs of
rotator cuff tears have been commonly reported to be
favorable. Yet the anatomical repair of large-to-massive
rotator cuff tears, of cuff tears combined with severe fatty
infiltration or muscle atrophy, or of those with severe
adhesions to the surrounding tissues has been shown to
be difficult, and the occurrence of re-tears have been re-
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ported to be high among even those successfully treated
[1–4]. Alternative surgical treatments for irreparable massive rotator cuff tears include debridement and subacromial decompression [3,5,6], arthroscopic partial repair [2],
tendon transfer [7–9], arthroplasty [10,11], and allografting or xenografting [12–17]. For allografts and xenografts,
example graft source are autografts or allografts of the
fascia lata, freeze-dried rotator cuff allografts [15], and
composites such as the Gore tex [17] and poly-L-latic acid
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[18], autogenous biceps tendons [19]. Each treatment
shows varying clinical outcomes, and neither the relative
benefits of treatments nor indications/contraindications
for each treatment have not been established. Current
literature describes a mixture of outcomes for the treatment of massive rotator cuff tears. For instance, in their
study of 16 patients with massive rotator cuff tears, Neviaser et al. [15] reported that freeze-dried graft augmentation was associated with either decreased or resolved
pain and with good or excellent clinical outcomes in all
patients save two. In another study, Ito and Morioka [20]
found that patch augmentation was associated with less
re-tears than the McLaughlin technique for cuff repairs,
while Moore et al. [19] suggested that allograft transplantations are not effective for massive rotator cuff tears.
Recently, several animal studies have reported that
augmentation using grafts derived from human, bovine,
or porcine small intestine or the dermis improves the
repair prospects of irreparable massive rotator cuff tears
[21]. The importance of grafts as scaffolds for mechanical
support at the repair site and as stimulants of cell proliferation and differentiation for expedited tendon-to-bone
healing have also been highlighted [18]. Here, we report
the clinical outcomes of using all-arthroscopic repair
using PermacolTM (Tissue Science Laboratories plc, Aldershot, UK), a porcine freeze-dried dermal xenograft, to
treat anatomically irreparable massive rotator cuff tears.

A
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METHODS
This study was approved by the Institutional Review
Board of Pusan National University Hospital (IRB No.
D-1208-001-001).
We enrolled a total of ten patients with irreparable
massive rotator cuff tears combined with severe muscle
atrophy between February 2010 and February 2012 at
Pusan National University Hospital (Fig. 1). The following inclusion criteria were used (1) massive rotator cuff
tears deemed irreparable through magnetic resonance
imaging (MRI) or arthroscopy; (2) tears that do not reach
the greater tuberosity (and thus does not lend itself to
anatomical repair); (3) patients aged 60 years or younger
who are active and has a will to be treated; and (4) nonresponsiveness to 6 to 8 months of conservative treatment. Conversely, patients with massive rotator cuff tears
that could be anatomically repaired with tension; patients noncompliant to postoperative rehabilitation; and
patients who presented with infection or inflammation
were excluded from the study.
Among the ten patients, three had had a total of 1 to
3 primary/revision repairs of the rotator cuff tears at
an external hospital. In this study, the first two patients
were treated using a 1.0-mm-thick PermacolTM but the
subsequent eight patients were treated using a 1.5-mmthick PermacolTM, because the 1.0-mm-thick graft was
considered to be too thin (Fig. 2). In eight patients, we

B

Fig. 1. A 56-year-old man with large
rotator cuff tear of right shoulder and
substantial fatty muscle degeneration.
(A) Preoperative magnetic resonance
imaging shows massive rotator cuff tear
and medial retraction with thinning of
tendons. (B) Preoperative sagittal oblique
image shows fatty degenerated and atrophied muscles.

67

Sang Jin Cheon, et al. Arthroscopic porcine dermal xenograft augmentation

A

B

C

Fig. 2. Arthroscopic repair by use of a porcine dermal xenograft (PermacolTM; Tissue Science Laboratories plc, UK). (A) The arthroscopic photograph
shows right massive rotator cuff tear. (B) The torn rotator cuff tendon is repaired partially using suture anchor. (C) Arthroscopic placement of a porcine
dermal xenograft to bridge the defect between native cuff and greater tubercle was performed.

Table 1. Detailed demographic data of patients
Tear size (mm)

Case
no.

Sex/
age (yr)

Permacol™
thickness (mm)

Previous
surgery history

Margin convergence
technique

Subscapularis
tendon repair

Width (AP)

Height (ML)

1

F/61

1.0

–

–

–

4.9

5.2

Fatty infiltration
Grade 2

2

M/70

1.0

–

+

–

5.1

5.4

Grade 3

3

M/59

1.5

–

+

+

5.2

5.7

Grade 3

4

F/71

1.5

+

+

–

5.4

5.6

Grade 4

5

M/53

1.5

+

+

+

4.6

5.4

Grade 2

6

M/56

1.5

+

+

+

5.1

5.6

Grade 2

7

M/56

1.5

–

–

–

4.7

5.7

Grade 3

8

F/72

1.5

–

+

+

5.1

5.5

Grade 4

9

M/69

1.5

–

+

–

5.0

5.3

Grade 4

10

F/68

1.5

–

+

+

4.9

5.6

Grade 4

Stage 0, corresponds to a completely normal muscle, without any fatty streak; Stage 1, the muscle contains some fatty streaks; Stage 2, the fatty infiltration is important, but there is still more muscle than fat; Stage 3, there is as much fat as muscle; Stage 4, more fat than muscle is present.
F, female; M, male; AP, anterior-posterior; ML, medial-lateral.

used a margin convergence technique to avoid applying tension to the area of deficit, and thus to prevent its
enlargement, and performed bridging graft repair using
PermacolTM. The bridging graft repair involved either using a simple suture to implant the PermacolTM to the torn
medial tendon or a suture and suture anchor to implant
the PermacolTM to the lateral tendon and unto the greater
tuberosity. In the remaining two patients, only the bridging graft repair with PermacolTM was performed. We observed concomitant subscapularis tendon tears in nine of
ten patients. Amongst them, we performed a combined
debridement and subscapularis tendon repair in five patients and debridement alone in the rest, because the severity of the subscapularis tear of the latter set of patients
prevented us from making an anatomical repair (Table 1).
Each patient was followed up for at least three years.
The following parameters of clinical outcome were mea-
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sured both at the preoperative examination and at the
final follow-up: the University of California, Los Angeles
(UCLA) score; the Constant score; and the American
Shoulder and Elbow Surgeons (ASES) score. The patients
were also assessed radiologically through MRI after an
average 10.3 months postoperatively.
To compare the risk factors between patients with and
those without ruptures of the graft, we analyzed the following factors: size of cuff tear; extent of muscle atrophy
and fatty infiltration; smoking status; preoperative adrenocortical hormone use; preoperative superior displacement of the humeral head, that is, the acromiohumeral
distance; and the commencement period of postoperative rehabilitation (early vs. late). The preoperative fatty
infiltration of the rotator cuff muscles was measured using the Goutallier’s global fatty degeneration index [22],
and the progression of muscle atrophy was assessed
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Table 2. Clinical and radiological outcomes
Case
no.
1

Sex/
age (yr)
F/61

Radiological
outcome

Clinical outcome
UCLA score

Constant score

ASES score

Preop

Postop

Preop

Postop

Preop

Postop

19

32

73

84

71

82

Intact vs. ruptured

Appearance of rupture

Ruptured

Midsubstance partial tear
GT disruption

2

M/70

13

22

46

78

50

81

Ruptured

3

M/59

12

35

43

85

47

90

Intact

4

F/71

15

31

49

78

41

75

Ruptured

5

M/53

9

26

40

85

36

92

Intact

6

M/56

9

31

48

88

44

85

Intact

GT disruption

7

M/56

17

33

76

85

75

90

Intact

8

F/72

23

30

85

90

79

85

Ruptured

GT disruption

9

M/69

15

26

64

78

66

78

Ruptured

GT disruption

10

F/68

23

35

74

88

77

95

Intact

UCLA score, University of California, Los Angeles score; ASES score, American Shoulder and Elbow Surgeons shoulder score; Preop, preoperative; Postop, postoperative; F, female; M, male; GT, greater tubercle.

Table 3. Clinical assessment
Preoperative

Postoperative

P-value

UCLA score

15.50 ± 5.06

30.10 ± 4.23

< 0.001

Constant score

59.80 ± 16.37

83.90 ± 4.46

0.001

ASES score

58.60 ± 16.58

85.30 ± 6.43

0.001

Values are presented as mean ± standard deviation.
UCLA score, University of California, Los Angeles score; ASES score,
American Shoulder and Elbow Surgeons shoulder score.

using oblique sagittal MRI as determined through a positive tangent sign [23]. The superior displacement of the
humeral head was evaluated pre- and postoperatively
using the shoulder and the supraspinatus outlet MRI radiographs [24].
In all patients, a common postoperative rehabilitation
protocol, which involved applying a shoulder abduction
brace for six weeks, was conducted. The first five patients
to receive rehabilitation were permitted to begin pendulum exercises from the day after the operation and passive range of motion (ROM) exercises within two weeks
of the operation. However, the subsequent five patients
were not permitted to begin pendulum exercises until the
4th postoperative week, and passive ROM exercises were
begun with caution from the 5th postoperative week in
these patients. In all patients, active assisted ROM exercises were begun after a week of passive ROM exercises,
and muscle strengthening exercises, from the 12th postoperative week.
To analyze the statistical significance of the differences
between the preoperative and postoperative values, we
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conducted statistical tests, such as the paired t-test, on
SPSS (for Windows 12.0; SPSS Inc., Chicago, IL, USA). Statistical significance was set as a P-value of less than 0.05
and a confidence interval of 95%.

RESULTS
The study population consisted of seven male patients
and three female patients. The average age of the patients
at the time of operation was 64.9 years (range, 53–72
years), and the average follow-up period was 42.5 months
(range, 36.2–47.1 months). We found that the average
UCLA score significantly improved from a preoperative
score of 15.5 (‘average’ in 2 patients; ‘poor’ in 8 patients)
to a postoperative score of 30.10 (‘fair’ in 9 patients; ‘average’ in 1 patient) (P < 0.001). Likewise, the respective
improvements in the average Constant and ASES scores
were both statistically significant (Tables 2, 3).
During an MRI follow-up at an average 10.3 months
of operation, we found that there were five patients with
ruptured grafts and five patients with intact grafts (Fig.
3). Follow-up MRI revealed that the two patients who
were treated using the 1.0-mm-thick PermacolTM had
torn grafts whereas only three in eight patients who were
treated using the 1.5-mm-thick PermacolTM had torn
grafts, while five didn’t (Table 1). Among the patients with
ruptured grafts, one patient was shown to have a history
of three operations for a rotator cuff tear. The patient,
in spite of improved clinical parameters, later received
a revision treatment of debridement due to unsatisfac-
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tory treatment outcomes. We kept a vigilant eye on the
treatment progress of the other four patients because the
clinical outcomes of their treatment had been favorable.

Fig. 3. At postoperative 10 months, the oblique coronal magnetic resonance imaging shows that the intact patch continuity between native
cuff and greater tubercle.

There were no postoperative complications, such as
infection or graft-versus-host disease, in any of the patients until the final follow-up. We compared the following risk factors between our two groups of patients: size
of cuff tears; extent of muscle atrophy and fatty infiltration; smoking status; preoperative use of adrenocortical
steroids; preoperative acromiohumeral distance; and
commencement period of postoperative rehabilitation.
Rotator cuff tears with deficits that required arthroscopic
patch grafts were assessed and the area of deficit was
measured arthroscopically and intraoperatively. The area
of the deficit that required patch augmentation did not
statistically differ between the two groups (Table 4).
We found that compared to the intact group the ruptured group had more severe fatty infiltration in terms
of the Goutallier fatty index, while the intact group had
more severe muscle atrophy, determined using the positive tangent sign, than the ruptured group. However,
these differences were not tested statistically on account
of a small study population. In terms of smoking status
and preoperative adrenocortical hormone use, we found
that the ruptured group had a greater proportion of non-

Table 4. Risk factor analysis
Parameter

Intact group (n = 5)

Ruptured group (n = 5)

P-value

Width (AP)

4.90 ± 0.25

5.10 ± 0.19

NS

Height (ML)

5.60 ± 0.12

5.40 ± 0.16

NS

Size of tear (mm)

Reduction of acromiohumeral distance (mm)
X-ray (AP)

8.21 ± 0.12

6.55 ± 0.10

< 0.001

X-ray (outlet view)

6.17 ± 0.07

5.54 ± 0.13

< 0.001

MR (coronal)

5.18 ± 0.05

4.54 ± 0.13

< 0.001

MR (sagittal)

5.70 ± 0.09

4.14 ± 0.12

< 0.001

2

2

1

3

2

1

4

1

3

+

2

1

–

3

4

+

2

4

–

3

1

Early

2

4

Late

3

1

Goutallier fatty index

Smoking history

Steroid injection history

Postoperative rehabilitation protocol

Values are presented as mean ± standard deviation or number only.
AP, anterior-posterior; ML, medial-lateral; MR, magnetic resonance; NS, not significant.
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smokes and users of steroid hormones than the intact
group, but again the statistical significance of these differences was not evaluated.
We found that patients with ruptured grafts had a significantly more severe superior displacement of the humeral head preoperatively than patients with intact grafts
(Table 4). The commencement period of postoperative
rehabilitation, in particular when ROM exercises were begun, was within two and four weeks of the operation for
four and one cases, respectively, in the ruptured group,
and within two and four weeks for two and three cases,
respectively, in the intact group. Though not with statistical significance, these data suggest that in general the
ruptured group received rehabilitation more quickly than
the intact group.

DISCUSSION
In this study, we found that the clinical outcomes improved in all patients who were treated by arthroscopic
PermacolTM implant augmentation. Favorable clinical
outcomes were observed in patients under 60 years of
age; in patients treated using a 1.5-mm-thick, as opposed
to a 1.0-mm-thick, PermacolTM; and in patients whose
subscapularis tendon or infraspinatus tendon could be at
least partially repaired.
It is still difficult to treat irreparable massive rotator cuff
tears despite technological advancements in arthroscopic
procedures generally because of severe muscle atrophy
and fatty infiltration. Various surgical treatment options
have been described in the literature, yet it is unclear
whether there exists a gold standard of treatment or
whether indications or contraindications exist that suggests the choice of one treatment over another. Recently,
there has been substantial research investigating the effectiveness of novel approaches to treat these irreparable
rotator cuff tears, with the aim to restore the anatomical
continuity, such as augmentation, allografting, or xenografting [12–17].
Ideally, grafts for cuff augmentation should originate
from the body and be biologically inactive; an ideal graft
would therefore have optimal tensile strength and stimulate invasion and revascularization of the fibroblasts
before the tensile strength of the graft is lost, enhancing
healing. Animal studies using PermacolTM have shown
mixed outcomes. For instance, tissue ingrowth was
observed without complications such as host-versusgraft reaction or immune responses after subscapularis

www.e-aosm.org

tendon repairs using porcine dermal xenografts in adult
dogs [25]. In rabbits, conversely, a graft consisting of five
constituents including PermacolTM was reported to be
associated with prominent host reaction and decomposition responses [26].
In a randomized control study, Iannotti et al. [12] reported that patients treated with porcine small intestine
submucosa xenografts were associated with poorer clinical outcomes than those treated without the porcine
graft. They found that xenografts derived from the dermis
was not only stronger than porcine small intestine submucosa xenografts but also associated with less reduction failure caused by suture loosening, as well as less
allergic response, toxicity, and graft reaction [14].
PermacolTM is a porcine dermal collagen implant lacking of non-collagenous materials, such as cells, DNA, and
RNA. This acellular implant has very similar properties to
human tissue, and its scaffold contains elastin fibers that
have been sterilized using gamma radiation [27]. Crosslinked with hexamethylene disocyanate, the implant
is resistant towards collagenase breakdown that cause
absorption and degradation of collagen and, therefore,
promotes soft tissue engineering and regeneration [28].
Using PermacolTM, Soler et al. [29] reported initial optimistic outcomes for arthroscopic augmentation in four
patients with massive rotator cuff tears but found that all
patients exhibited ruptured grafts by the 6-month followup. Thus, the authors of the study suggested, in spite of
its many advantages, against PermacolTM for irreparable
massive rotation cuff tears. Conversely, Badhe et al. [14]
reported using ultrasound and MRI that PermacolTM for
massive rotator cuff tears was associated with favorable
clinical outcomes at one-year follow-up and that eight in
ten patients (with an average age of 66 years) had intact
grafts by the final follow-up. Furthermore, none of these
patients had showed any postoperative complications.
Thus, they concluded that in most patients with massive
rotator cuff tears PermacolTM for arthroscopic cuff augmentation is safe and effective.
In this study, patients with irreparable massive cuff
tears were treated using an all-arthroscopic rotator cuff
repair with a bridging graft technique and PermacolTM
implant. We found that the clinical indices significantly
improved in all patients after treatment. However, we
observed at the follow-up MRI that one patient, who
had the poorest radiological outcomes among the study
population, had a ruptured graft. And despite improved
clinical parameters the patient was unsatisfied with the
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treatment outcomes and, therefore, received revision
treatment. In the other four patients found radiologically
to have ruptured graft were monitored for progress since
these patients were satisfied with treatment outcomes
and had significantly improved clinical parameters.
We found that the intact group had less fatty infiltration
than the ruptured group, although we observed some
degree of muscle atrophy in the intact group. Among the
five patients who underwent a combined subscapularis
tendon repair, only a single patient presented with a
ruptured graft, while ruptures were observed in all four
patients who had irreparable tears. In addition, in this
study all patients treated using a 1.0-mm-thick PermacolTM implant had ruptures, compared to only three out
of eight patients treated using 1.5-mm-thick PermacolTM.
Together, these findings suggest that subscapularis tendon repair and PermacolTM thickness may be important
determinants of arthroscopic augmentation. Reporting
the biomechanical properties and the appearances of
ruptures within different types of grafts, Barber et al. [30]
observed that the PermacolTM implants failed by the suture techniques—the isthmus pull-through and the side
pull-through—but not by the end pull-through. Similarly,
we found that four in five cases had a rupture in the footprint between the PermacolTM and the greater tuberosity
of the humerus [30].
In this study, we found that certain graft rupture-dependent differences were seen among the various factors
assessed in this study. However, the small study population restricted us from testing the statistical significance
of the observed differences. Therefore, future studies with
a greater number of study participants are needed.
Major limitations of this study are that the study had a
small study population and that there were no controls,
meaning that the relative contribution of PermacolTM
towards the beneficial clinical outcomes cannot be determined empirically or its association established. And

because radiological examinations were performed on
average after 10 postoperative months, while clinical examinations were performed on average 42 months postoperatively, we did not evaluate the possibility of ruptures
occurring after 10 months. Further, our study population
was not homogeneous in terms of the implant used and
the rehabilitation protocol: a subset of patients were
treated with a 1.0-mm-thick PermacolTM while another
subset, with a 1.5-mm-thick PermacolTM and some patients began rehabilitation exercises two weeks earlier
than others. Lastly, although the clinical outcomes of the
3-year follow-up suggest an improvement associated
with the use of the porcine xenografts, a longer follow-up
may reveal more or altered clinical effects. Further randomized control studies investigating the effectiveness
and the long-term outcomes of PermacolTM are required.
Here, we found that all-arthroscopic rotator cuff repairs using porcine freeze-dried dermal xenografts may
provide enhanced clinical outcomes for massive rotator cuff tears that are untreatable through arthroscopic
repairs. Yet despite the favorable clinical outcomes of
arthroscopic porcine dermal augmentation, we observed
that postoperative MRI findings were associated with a
high incidence of ruptures of the graft implant. For these
reasons we suggest that the use of arthroscopic porcine
dermal augmentation for massive rotator cuff tears is
restricted to patients in whom either the subscapularis
tendon or the infraspinatus tendons can be partially repaired. More studies with greater statistical power should
be performed investigating the effectiveness of and the
indications for arthroscopic porcine dermal augmentation in patients with irreparable rotator cuff tears.
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