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Abstract Purpose The aim of the present retrospective study is to describe the results obtained
at 2-year follow-up by using a porcine dermis-derived collagen membrane implanted as
augmentation to treat large rotator cuff tears.
Methods Thirty-five patients in total were included according to the following
criteria: large or massive rotator cuff tear, confirmed during surgery, measuring
between 3 and 5 cm in width and stage 1 to 2 fatty infiltration documented at
magnetic resonance imaging (MRI). Patients underwent arthroscopic repair of the cuff
augmented by the implantation of a porcine dermal collagenmembrane. Patients were
evaluated up to 24 months after surgery by the Constant score and MRI imaging to
assess functional outcomes and re-tear rate. The results obtained were compared to
those of a matched cohort of 35 patients operated by arthroscopic repair alone by the
same surgical team.
Results The application of the porcine membrane proved to be safe without scaffold-
related adverse events documented. A statistically significant difference in the
Constant score in favor of the treatment group was documented at the final evaluation
(p ¼ 0.036). Furthermore, a subgroup analysis revealed that patients treated by
augmentation and presenting re-tear at MRI showed a significantly higher functional
outcome compared with control patients with MRI evidence of re-tear (p ¼ 0.0136).
Conclusion Arthroscopic repair augmented by porcine dermal xenograft for the
treatment of chronic and retracted rotator cuff tears with low-grade fatty degeneration
proved to be safe and also effective, with higher functional score compared with the
arthroscopic repair alone.
Level of Evidence This is a Level III, retrospective cohort study.
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Introduction

The treatment of symptomatic extensive rotator cuff tears,
defined as massive and large tears, represents a challenging
problem in shoulder surgery. Traditional repair techniques
are associated with variable failure rates due to excessive
tension on the repair1 and to the presence of degenerated
tendon tissue, which has poor healing potential.2

Ahigh incidenceof failure follows repair of large andmassive
tears, particularly when they are chronic and the tendons show
degenerative changes. Failure can happen as a re-tear, but in
many of the cases, it is the effect of non-healing.3 Patients with
failed repair have inferior clinical outcomes compared with
those with intact repair.4 To overcome the limitations of tradi-
tional repair, regenerative medicine techniques have been
under investigation in recent years. The aim is to enhance
and stimulate the formation of a tendon tissuewith histological
and mechanical properties resembling those of the native
tendon. Based on these premises,manyattempts to reconstruct
the rotator cuff by using different kinds of grafts have been
performed, using both synthetic materials5,6 and biologic tis-
sues.Autograftbiceps tendon,7 fascia lata,8allograft freezedried
rotator cuff,9 and patellar tendon10 have been used in the past
with variable results. Recently, several tissue-engineered allo-
grafts and xenografts have been developed to augment rotator
cuff repairs. Such implants should provide a stronger repair in
the presence of poor-quality tissue, and in some cases, they act
as a bridging scaffold to enhance healing. Most of the research
studies are concentrated on obtaining biological scaffolds able
to provide an initial mechanical augmentation to the repaired
cuff, absorbing part of the stress and thereby protecting the
suture. At the same time, the scaffold should be, since the early
phases of healing, a ground for host cell colonization, leading to
theformationofa tendonstructurewithsimilarhistologicaland
mechanical features of the native one, but with a greater
thickness. Additional requisites for these scaffolds should be a
full biocompatibility and tolerability, complete integration at
the end of thehealing process, high suture retentionproperties,
and ease to handle for arthroscopic application. Cross-linking
provides resistance to collagenase enzymes that are responsible
for the breakdown and resorption of implanted collagen.11

After implantation, the patch should support fibroblast
infiltration and revascularization so that it is gradually
incorporated into the surrounding tissue, thus providing
strength and support while inhibiting wound contraction
through scarring.12–14

The aimof thepresent retrospective study is todescribe the
resultsobtainedat2-year follow-upbyusingaporcinedermis-
derived collagen membrane implanted as augmentation to
treat large rotator cuff tears. The results obtained were then
compared with those of a matched control group of patients
who underwent standard arthroscopic repair alone.

Methods

The present study was approved by our Institutional Ethic
Committee and all patients gavewritten informed consent to
the use of their clinical data for scientific purposes.

Participants
Thirty-five patients (“treatment group”) were included in
the study according to the following inclusion criteria: large
or massive rotator cuff tear (3–5 cm in width) documented
by preoperative magnetic resonance imaging (MRI) and
confirmed during surgery; pain and functional disability
refractory to conservative treatment; stage 1 or 2 fatty
infiltration of the supraspinatus muscle on MRI according
to the grading systemof Goutallier et almodified by Fuchs for
MRI15,16; integrity of the teres minor and subscapularis
tendons; availability of postoperative MRI of the affected
shoulder (performed 24 months after surgery); and follow-
up period of 24 months. Exclusion criteria were positive
Patte test and/or drop-arm sign at baseline clinical evalua-
tion, previous surgeries or traumas to both shoulders,
arthritic and/or septic conditions of both shoulders, diabetes,
neuromuscular diseases, smoking, and previous steroid
injections into the affected shoulder.

Patients of the treatment group were compared with a
control group consisting of a matching cohort of 35 patients
operated in the same time interval in our department by
standard arthroscopic repair without augmentation.
Patients of the control group were selected based on the
same inclusion criteria described above and with the same
demographic characteristics at baseline evaluation. All the
patients of the matching cohort were evaluated at 24-month
follow-up for clinical and imaging outcomes similar to those
of the treatment group.

Intervention
The patient was placed in lateral decubitus position and
supraclavicular regional block was used for anesthesia. After
preparation and draping, a posterior portal was established
1 cm medial and 2 cm distal to the posterolateral corner of
the acromion. The position of this portal was proximal and
lateral to the standard posterior portal. This “higher” posi-
tion facilitates subacromial work. Aworking portal was then
established in the anterosuperior rotator interval by the use
of an “inside-out” technique. Diagnostic arthroscopy was
started and associated glenohumeral pathology was
addressed including long head of the biceps. The arthroscope
was then introduced into the subacromial space. A lateral
portal was created at the midpoint between the anterior and
posterior aspects of the acromion. A thorough subacromial
bursectomy was performed to gain proper visualization and
rotator cuff tendons were mobilized by releasing any adhe-
sions, especiallywithin the rotator interval and supraglenoid
recess. Cuff mobility was assessed by pulling laterally the
retracted supraspinatus tendon and ensuring that its lateral
margin could be reduced to the greater tuberosity without
significant tension with the arm in neutral abduction and
rotation. The tuberositywaspreparedwith a shaver andburr,
while care was taken not to violate the cortex. To reduce
tension on the repair, up to 3 to 5 mmofmedialization of the
footprint was performed by removing the lateral-most car-
tilage. Accessory anterolateral and posterolateral portals
3 cm off the anterolateral and posterolateral corners of the
acromion were also performed to aid the procedure.
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In the control group, the rotator cuff was repaired by a
single-row technique using two triple loaded suture anchors
(Trevo; Linvatec, Largo, Florida, United States) laterally posi-
tioned. All sutures were passed through the cuff with a
sharp-tipped penetrator and then tied by conventional
arthroscopic knot-tying techniques.

In the treatment group, a porcine dermis-derived collagen
membrane (Conexa Reconstructive Tissue Matrix, Wright
Medical Group N.V., Tennessee, United States) was used to
augment the repair. No tear bridging was performed.17 The
V-sled technique18 was adopted to fix both the cuff repair
and the scaffold. In this case, two 5.5 mm triple-loaded
bioabsorbable anchors (Trevo, Linvatec) were used. The first
anchor was placed anterolaterally (ALA: anterolateral
anchor) and the second posterolaterally (PLA: posterolateral
anchor). The repair was performed using two high-strength
sutures from each anchor. The third suture from each anchor
was then retrieved out of the accessories portals used for the
insertion of the anchors. Two free high strength sutureswere
passed through the muscle anteromedially (AM) and poster-
omedially (PM) in line with the ALA and PLA, respectively,
approximately 3 cm medially from anchors, while the
distance between the AM and PM was the same as that
between ALA and PLA. Size of the scaffold was established
using a measuring probe introduced through the lateral
portal. The patch was then cut to cover the entire lesion
and, using a free suture needle, the posterior limb of the AM
suture (PL–AM) was passed through the medial edge of the
patch with an anteroposterior direction moving from top to
bottom. The passage was complete when the suture reached
the midpoint of the medial edge of the patch. Similarly, the
anterior limb of the PM suture (AL–PM) was passed through
the medial edge of the patch but this time moving in a
posterior–anterior direction. Therefore, the PL-AM and AL-
PM sutures were tied together over the patch. The third
suture from each anchor (ALA and PLA) was then passed,
respectively, through the anterolateral and posterolateral
corner of the patch. By pulling the posterior limb of the AM
suture and the anterior limb of the PM sutures, the patch
folded and slided through the lateral portal easily entering
the subacromial space. With the use of a probe, the patch
was unrolled, recovering its original shape. The free portion
of AM and PM sutures was then loaded in a knotless anchor
that was placed approximately 1.5 cm distal to the edge of
the repaired cuff. In this way, the two sutures were
stretched on the patch, stabilizing, and compressing it
with a V-shape bridge. The remaining third suture of each
anchor was then tied (►Fig. 1). The arm was brought
through passive range of motion (ROM) to ensure appro-
priate construct tension without gap formation.

Postoperatively, all patients were immobilized in a sling
with a 15° abduction pillow. At 4 weeks, patients began
pendulum and passive ROM exercises on the scapular plane.
At 6 weeks, sling use was discontinued and patients began
active-full assisted ROM exercises. At 8 weeks, patients
began active ROM and isometric rotator cuff strengthening,
with progression toward return to full activity at 6 months
postoperatively.

Outcome Measurements
Each patient underwent preoperative imaging with radio-
graphs and MRI. Clinical evaluation was performed on the
day before surgery and 24 months postoperatively. Func-
tional outcome was assessed by the Constant score.19 Active
ROM of the shoulder to the point of pain was measured with
a goniometer, including forward flexion (FF), external rota-
tion (ER)with the arm at the side, and internal rotation (IR) at
the back. A digital dynamometer (micro FET2 MT; Hoggan
Health Industries,West Jordan, Utah, United States)was used
to quantitatively assess the isometricmuscle strength in both
the affected and unaffected upper extremity in the seated
position. Abduction strength was tested with the arm
abducted to 90° in the scapular plane with the elbow
extended and the forearm pronated. The measurement
was made three times and the average of the three measure-
ments was obtained and used for strength assessment in the
Constant score.

Fatty infiltration of the rotator cuff was evaluated on
preoperative MRI.20,21 Cuff integrity on MRI was evaluated
24 months postoperatively by a blinded musculoskeletal
radiologist.

Fig. 1 Arthroscopic implantation technique of the graft.
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MRI was performed with a 1.5-T closed-type scanner
(Excelart Vantage powered by Atlas or Visart/EX; Toshiba,
Otawara, Japan). Oblique coronal, oblique sagittal, and axial
T2-weighted images were acquired for structural and qua-
litative assessment of the rotator cuff tendons and the graft,
and repair integrity was evaluated. The slice thickness was
4 mm, and the interslice gap was 0.5 mm in the former
scanner and 0.8 mm in the latter scanner. Continuity and
re-rupture of the tendonwere assessed onMRI scans accord-
ing to established MRI criteria.20,21 A full-thickness re-tear
was diagnosed in the presence of a high-signal intensity or
when discontinuity of the tendon was observed on one or
more of the T2-weighted images.

Statistical Analysis
All continuous data were expressed as mean and standard
deviation; categorical variables were expressed as frequency
and percentages. TheWilcoxon nonparametric test was used
to test the differences at different follow-up times. The
Mann–Whitney nonparametric test was performed to assess
between-group differences of continuous data. The Spear-
man rank correlationwas used to assess correlation between
rank and continuous data, and the Kendall tau ordinal
correlation was used to assess correlation of ordinal data.
Fisher’s chi-square test was performed to investigate the
relationships between dichotomous variables. Pearson’s chi-
square test evaluated by exact methods for small samples
was performed to investigate the relationships between
grouping variables. All nonparametric tests were evaluated
by exact methods for small samples. For all tests, p < 0.05
was considered significant. All statistical analysis was per-
formedwith SPSS software, version 19.0 (IBM, Armonk, New
York, United States).

Results

There were no significant differences between the two
groups in terms of sex, age, follow-up period, dominant
hand, and Constant score at baseline.

The application of the porcine membrane proved to be
safe and no intraoperative or perioperative complication
(including neural injury, wound infection, or suture anchor
problems) was registered.

PostoperativeMRI at thefinal 24-month follow-up showed
that 7 shoulders in the treatment group (21.9%) presented re-
tears of the supraspinatus tendon, whereas 13 (33.3%)
occurred in the control group. No significant difference was
documented between groups in terms of re-tear rate.

With respect to preoperative value, the mean Constant
score was significantly higher at 24-month follow-up in both
groups (p< 0.05). In particular, a statistically significant dif-
ference, in favorof thetreatmentgroupwasdocumentedat the
final evaluation (p ¼ 0.036). Furthermore, a subgroup analysis
revealed that patients treatedbyaugmentationandpresenting
re-tear at MRI showed a significantly higher Constant score
compared with patients of the control group with MRI evi-
dence of re-tear (p ¼ 0.0136). In the treatment group, no
significant difference was detected at 24 months among

patients with and without re-tear at MRI evaluation. Conver-
sely, in the control group, there was a significant clinical
difference between patients with fully healed supraspinatus
tendon and those with evidence of re-injury (63.9 � 11.9 vs.
53.4 � 9.7, respectively; p< 0.001) (►Table 1).

Discussion

The results of the present study suggest that arthroscopic
repair augmented with a porcine dermal collagen scaffold
might represent an effective method in the treatment of
repairablelarge rotatorcuff tears. Therewerenocomplications
directly related to the use of the porcine dermal graft, and in
particular, there was no evidence of tissue rejection. A sig-
nificantlyhigherConstant scorewasobserved in thetreatment
group 24 months after surgery compared with the matched
control group, and patients who received the augmentation
presented higher clinical scores even in case of re-tear. Inter-
estingly, the augmentation by porcine graft prevented the
deterioration of clinical scores in case of re-tear, and, in the
treatment group, we reported no clinical difference among
patientswith orwithout evidence of re-tear. However, the lack
of significant difference in re-tear rate between treatment and
control group might suggest that the patch itself is not able to
restore a full integrity of the tendon, thus meaning that a
complete regeneration cannot be achieved.

Nonetheless, a recent systematic review reported that,
despite patients with intact repairs had significantly higher
strength in forward elevation and ER, these objective differ-
ences are not truly clinically relevant for thefinal outcomeand
overall patients’ satisfaction.22 Although our results could not
endorse the hypothesis that the patch augmentation signifi-
cantly improved the healing rate of the rotator cuff, the
superior clinical outcome reported at 24 months and the
higher scores in patients with MRI signs of re-tear suggest a
beneficial contribution of the porcine membrane that should
be evaluated at longer follow-up. Perhaps, despite the number
of patients included in the present study allowed to detect a
significant difference in functional outcome (which was the
primary end-point of the study), a higher number would have

Table 1 Mean Constant score in the treatment and control
groups (overall results and subgroup analysis according to MRI
evidence of re-tear)

Constant score Treatment
group
(mean � SD)

Control group
(mean � SD)

p-Value

Preoperative 37.2 þ 8.2 37.3 þ 5.3 n.s.

Follow-up
(24 months)

71.4 þ 11.8 63.9 þ 11.9 0.036

Follow-up
(24 months)
Patients with
MRI evidence
of re-tear

65.3 þ 10.8 53.4 þ 9.7 0.0136

Abbreviations: MRI, magnetic resonance imaging; SD, standard devia-
tion; n.s., non significant.
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been required to assess also a significant difference in terms of
re-tear rate at MRI evaluation. In particular, in the group of
patients with re-tear, we support the idea that the scaffold,
even in absence of an anatomic and complete healing of
tendons, could partially restore the superior stability of the
glenohumeral joint. As previously demonstrated by Mihata
et al,23 patients with massive rotator cuff tear have a defect of
the superior capsule, which is located on the inferior surface of
the supraspinatus and infraspinatus tendons. Such defect sig-
nificantly increases translation of the humeral head, causing a
reduction in the acromion–humeral distance and thus result-
ing in subacromial impingement. To restore the superior
stability of glenohumeral joint inmassive tear, in the last years,
a new procedure called superior capsular reconstruction has
been popularized: a graft is attached medially to the superior
glenoid and laterally to the greater tuberosity. In our study, we
believe that, even in patients with a recurrence of rotator cuff
tear, thepatch,which isattachedmedially to themyotendinous
junction and laterally to the greater tuberosity, could partially
act as a superior stabilizer for the glenohumeral joint and could
then be responsible for the functional and clinical improve-
ment observed in these patients compared with controls.

The results of our study are in line with the findings of
previous studies reporting the use of patch grafts to reinforce
rotator cuff repair.24 In clinical practice, several different
grafts have been tested, with variable outcomes. Recent
studies showed positive outcomes when anatomic25 or
partial26 repairs were augmented by using patches derived
from porcine dermis. Also, open reconstruction of irrepar-
able massive or full-thickness two-tendon rotator cuff tears
by dermal tissue matrix xenograft showed improvement in
pain, ROM, strength, and subjective functional outcomes.27

Recently, a study demonstrated superior outcome in favor of
polypropylene augmentation versus collagen patch for pos-
tero-superior massive rotator cuff tear.28

Several studies reported that biological augmentation
with acellular human dermal matrix allografts had success-
ful clinical outcomes.29–31 Barber et al32 reported that,
among rotator cuff repairs that underwent such biological
augmentation, 85% remained intact compared with 40% of
controls. Conversely, other authors demonstrated unfavor-
able re-tear rates and clinical outcome scores with the use of
a porcine small intestine submucosa (SIS) graft. A clinical
study showed very poor results, with 91% re-tear after
augmentation with porcine SIS of large and massive rotator
cuff tears.20 This was further confirmed by other studies
showing similar modest outcomes.33,34 Interestingly, failure
was attributed to rapid resorption of the SIS patch and
insufficient mechanical support of the repaired tear.33 Based
on these findings from the available literature, in our series
we used a porcine dermal membrane for augmentation
because such xenograft does not induce an immune response
and has structural and biomechanical properties similar to
those of native rotator cuff tendons.25

The biological aspects of tendon healing play a significant
role in the ultimate clinical outcomes.31,35 In vitro mechan-
ical tests have since demonstrated that dermal-based xeno-
grafts are not only stronger than mucosal products but also

less likely to fail due to suture pullout.32 Nevertheless, a
sheep model comparing a porcine dermis patch to the
porcine SIS has shown superior performance of the der-
mis-based implant and various problems with the porcine
SIS, namely an elevation of the inflammation plasma marker
fibrinogen and ossification. Some authors observed that
porcine SIS degraded faster than dermis and is almost
completely absorbed within 9 weeks.36

The mechanical advantages of porcine dermal collagen
patch over porcine SIS, which are related to the presence of
collagen cross-linking, provide an explanation for the better
results obtained in the present study. Furthermore, as shown
by the absence of adverse clinical reactions in this series,
porcine dermal collagen graft is no allergenic, nontoxic, and
does not elicit a foreign body response. It is, therefore, less
likely to fail in the early postoperative period. This is in
contrast to porcine SIS, which has been shown to elicit
inflammatory reactions requiring open debridement in up
to 16% of rotator cuff repairs.37

Some limitations of the present study must be acknowl-
edged. First, the study design is retrospective with a
matched control group, whereas the ideal setting would
have been a rotator cuff tear. Second, the short-term follow-
up did not allow to establish if biologic augmentation is able
to provide stable superior results over time. Third, only
tendons with stage 1 to 2 of fatty infiltration were included,
so further studies are needed to evaluate massive cuff
rupture involving two or more tendons with fatty infiltra-
tion over stage 2.

In conclusion, arthroscopic repair augmented by porcine
dermal xenograft for the treatment of chronic and retracted
rotator cuff tears with low-grade fatty degeneration (Gou-
tallier stages 1–2) proved to be safe and also showed positive
clinical outcome, with higher functional scores compared
with the arthroscopic repair alone. In particular, even
patients with MRI evidence of re-tear showed significantly
higher functional score after augmentationwith the scaffold.
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