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Arthroscopic Superior Capsular Reconstruction With
Acellular Porcine Dermal Xenograft for the Treatment

of Massive Irreparable Rotator Cuff Tears

Martin Polacek, M.D., Ph.D.
Purpose: To evaluate the short-term clinical outcomes and the complications related to arthroscopic superior capsular
reconstruction (SCR) with acellular porcine dermal xenograft for the treatment of irreparable massive rotator cuff tears.
Methods: A prospective observational study of patients treated with arthroscopic SCR for irreparable massive rotator cuff
tears in the period from 2016 to 2017 was performed. Range of motion and Shoulder Pain and Disability Index (SPADI)
scores were assessed preoperatively, at 6 months postoperatively, and at 12 months postoperatively. Results: A total of 20
shoulders in 19 patients, with an average age of 60 years, were included in the study. Twelve patients met the criterion for
the minimal clinically important difference in the SPADI score. The mean SPADI score showed significant improvement
from 51.3% to 10.4% at 1-year follow-up. Active abduction improved from 65.4� to 149.3� and active forward flexion
improved from 68.6� to 151.4� at 1-year follow-up. The procedure had a 30% complication rate, including a 15% rate of
immunologic rejection of the xenograft. Five patients underwent revision procedures, including arthroscopic debridement
and removal of xenograft residuals, implantation of a balloon spacer, and revision SCR with a fascia lata autograft.
Conclusions: Arthroscopic SCR with an acellular porcine dermal xenograft led to a successful outcome in 60% of cases.
The procedure showed a quite high complication rate; the most severe cases were related to acute immunologic rejection
of the xenograft. Level of Evidence: Level IV, case series.
he treatment of massive rotator cuff tears (MRCTs)
Tis challenging. In some cases, MRCTs can be
mobilized and repaired, but poor tissue quality and
inelasticity of the tendon lead to a quite high failure
rate.1 Chronic rotator cuff insufficiency might result in
abnormal glenohumeral wear, superior migration of
the humeral head, and glenohumeral cartilage
destruction.2,3 The first line of treatment of irreparable
MRCTs is usually conservative. Mainstays of nonoper-
ative treatment include nonsteroidal anti-inflammatory
drugs, subacromial corticosteroid injections, and
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Arthroscopy, Sports Medicine, and Rehabilitation,
physiotherapy. Rehabilitation exercises focus on global
deltoid reconditioning and periscapular strengthening
and can help to restore the shoulder’s functional range
of motion (ROM).4 Nonsurgical treatment should be
attempted for at least 6 months before surgery is
considered.4-7 The most common surgical technique in
the treatment of irreparable MRCTs is arthroscopic
debridement. Early studies showed an approximately
85% success rate at short-term follow-up (minimum of
1 year), including improvement in ROM from less than
90� to greater than 150�.8 However, in the long term,
the results deteriorated.9 Other surgical techniques in
the treatment of irreparable MRCTs include biceps
release, biceps tenodesis, partial tendon repair,
augmentation or bridge grafting of the rotator cuff
tendon, and several tendon transfers.4,10-15 Lately,
reverse shoulder arthroplasty (RSA) has emerged as a
treatment option for MRCTs without arthropathy in
patients younger than 60 years.16 RSA remains a suc-
cessful and well-accepted option in a lower-demand
patient population older than 70 years with chronic,
irreparable MRCTs and rotator cuff arthropathy.17,18

However, the use of RSA in the management of
MRCTs without arthritis in a more physically active
patient population younger than 60 years remains
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controversial because of a relatively high complication
rate of up to 17.4% and questionable long-term
results.18,19

Recently, the importance of the superior joint capsule
in passive stability of the shoulder joint has been
acknowledged. The superior joint capsule is located on
the inferior surface of the supraspinatus and infra-
spinatus tendons. It has been reported that a tear in the
superior joint capsule might lead to an abnormal load
on the rotator cuff and significantly increase gleno-
humeral translation in all directions and subacromial
contact pressure at 30� of shoulder abduction.20,21

Mihata et al.20,22 introduced a technique, superior
capsular reconstruction (SCR), in which the superior
joint capsule was reconstructed by a fascia lata auto-
graft. The graft was attached to the superior glenoid and
the humeral head by suture anchors.20,22 The initial
study by Mihata et al.22 showed excellent results with a
high grade of patient satisfaction, significant improve-
ment in shoulder function, and a low complication rate.
Because of donor-site morbidity after the fascia lata
harvest, the technique has been modified and an acel-
lular dermal allograft has been introduced as an
alternative.23,24

The purpose of this study was to evaluate the short-
term clinical outcomes and the complications related
to arthroscopic SCR with acellular porcine dermal
xenograft for the treatment of irreparable MRCTs. The
hypothesis was that SCR with dermal xenograft would
lead to significant clinical improvement in most patients
with irreparable MRCTs at 1-year follow-up and the
procedure would have a relatively low complication
rate.

Methods
In the period from 2016 to 2017, a consecutive group

of 19 patients (20 shoulders) were included in a pro-
spective study and surgically treated with arthroscopic
SCR using acellular porcine dermal xenograft. Written
informed consent was obtained from the study partici-
pants, and the hospital’s local ethical board approved
the study. The patients were referred to our hospital by
other surgeons, general practitioners, or physiothera-
pists based on a tentative diagnosis of an irreparable
MRCT. They were then assessed by the treating surgeon
at the hospital’s outpatient clinic. Suitable patients were
informed about the SCR procedure including its po-
tential risks and the postoperative rehabilitation pro-
tocol. At the same time, they were invited to participate
in our study. The inclusion criteria were based on
clinical and radiologic findings. The study included pa-
tients with symptomatic, chronic MRCTs characterized
by severe shoulder weakness, especially during active
abduction and active forward flexion; pain; and
impaired ROM. All patients had a symptom duration of
at least 12 months and tried physiotherapy, with a focus
on strengthening of the deltoid and periscapular mus-
cles, for at least 6 months. Magnetic resonance imaging
(MRI) scans were used to assess the rotator cuff tear
with a focus on the grade of tendon retraction, fatty
atrophy of the supraspinatus muscle, superior migra-
tion of the humeral head, and glenohumeral cartilage.
The inclusion criteria based on the MRI findings were
significant retraction of the supraspinatus tendon over 5
cm (Bateman classification grade 4), significant fatty
atrophy of the supraspinatus muscle (Goutallier stage
4), light or no rotator cuff arthropathy (Hamada stages
1 and 2) without acetabularization, and intact or
reparable subscapularis and infraspinatus tendons.25-27

The exclusion criteria included patients not motivated
to follow the postoperative rehabilitation protocol and
patients with known alcohol or drug abuse, a serious
cardiovascular condition (American Society of Anes-
thesiologists class 3-5), or an acute systemic infection.
Previous shoulder surgery was not an exclusion
criterion.
Owing to the cost and availability of the hospital’s

MRI scans, postoperative imaging was conducted only
in patients expressing dissatisfaction with postoperative
outcomes, such as an increased pain level, shoulder
weakness, and little or no functional improvement.
SCR was performed by a single surgeon as an outpa-
tient procedure in the hospital’s day-surgery unit. The
patients were assessed by the treating surgeon preop-
eratively, at 6 months postoperatively, and at 1 year
postoperatively with the Shoulder Pain and Disability
Index (SPADI). The SPADI questionnaire was admin-
istered preoperatively by a nurse in the day-surgery
unit and postoperatively by the treating physiothera-
pist. ROM was assessed preoperatively and at 1 year
postoperatively by the treating surgeon. Active abduc-
tion and active forward flexion were recorded. Any
complications or revision surgical procedures were also
recorded. On the basis of previous studies, the minimal
clinically important difference in the SPADI score was
18%.28 Cases that required revision surgery were
categorized as failures in this study.

Surgical Technique
The surgical technique has previously been

described.20,23,24,29,30 The operation was performed
with the patient in the lateral decubitus position with
the arm in 30� of abduction and 10� of forward flexion.
The portals commonly used for the procedure were as
follows: posterior portal, posterolateral portal, port of
Wilmington, lateral portal, anterosuperolateral portal,
anterior portal, and Neviaser portal. First, the gleno-
humeral joint was assessed. The biceps tendon was
released, and if necessary, the subscapularis tendon
was repaired. The subacromial space was then cleaned.
Although the critical shoulder angle was not measured
preoperatively, an acromioplasty was performed in all
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patients. The supraspinatus and infraspinatus tendons
were tested regarding their irreparability, and if
necessary, the infraspinatus tendon was repaired. Par-
tial repair of the supraspinatus was not attempted
during the SCR procedure. In cases with an inadequate
view, a posterior interval slide was performed to
improve visualization of the superior glenoid. The su-
perior glenoid was then prepared, with preservation of
the superior labrum, and 2 or 3 anchors were placed in
the superior glenoid. Two knotted anchors (Lupine;
DePuy Synthes [Johnson & Johnson], New Brunswick,
NJ) in 10- and 2-o’clock configurations were used in 8
cases, whereas 3 knotless anchors (Knotless SutureTak;
Arthrex, Naples, FL) at the 10-, 12-, and 2-o’clock
positions were used in 12 cases. The use of 2 knotted
versus 3 knotless glenoid anchors might be explained
by the development and improvement of the technical
aspects of the procedure. Next, 2 anchors (SwiveLock,
4.75 mm; Arthrex) preloaded with suture tape were
placed in the greater tuberosity adjacent to the cartilage
margin. The distance between the anchors was
measured with a calibrated probe. A double DX Rein-
forcement Matrix graft (Arthrex) was then used. Ac-
cording to the manufacturer, the DX Reinforcement
Matrix is a porcine acellular dermal extracellular ma-
trix (ECM) that has been created by OPTRIX processing
technology (DSM, Exton, PA) as a biomechanically
strong and biocompatible scaffold for the reinforcement
and repair of soft tissues. The thickness of the scaffold
was 1.5 mm. The graft size was extended 5 mm
medially, 5 mm anteriorly, 5 mm posteriorly, and 10
mm laterally. The graft was sized, doubled, and secured
with a suture. Sutures from each of the anchors,
beginning with the anchors in the greater tuberosity,
were retrieved out of the lateral portal and passed
through the graft. The graft was then shuttled into the
joint and secured to the superior glenoid. Next, the
graft was secured to the greater tuberosity with a
double-row configuration, using 2 anchors (Swive-
Lock, 4.75 mm) in a SpeedBridge configuration
(Arthrex). The arm was in 30� of abduction and 10� of
forward flexion when the graft was secured. Finally,
the graft was attached to the infraspinatus tendon with
side-to-side sutures.
Table 1. Functional Outcomes After Arthroscopic Superior Capsu

Total

Preoperative 51.3 � 19.2
6-mo follow-up 23.1 � 18.1
12-mo follow-up 10.4 � 8.8
Difference between

preoperative and 12 mo
40.9, P < .0001

NOTE. Data are presented as mean � standard deviation or mean.
SPADI, Shoulder Pain and Disability Index.
The postoperative rehabilitation protocol was as fol-
lows: The shoulder was immobilized in a sling for 6
weeks. Passive ROM was initiated after 2 weeks. After 6
weeks, passive and active-assisted ROM was allowed.
Exercises strengthening the deltoid and periscapular
muscles were allowed after 3 months. Return to full
activity was allowed at 6 to 12 months.

Statistical Analysis
The SPADI score, as well as active abduction and

forward flexion, of all treated patients are described as
mean and standard deviation. The dependent t test was
used to analyze the preoperative and postoperative
outcomes. P < .05 was considered statistically
significant.

Results
A total of 20 treated shoulders in 19 consecutive pa-

tients (14 men and 5 women), with an average age of
60 years (range, 45-72 years), were included in the
study. Follow-up data were obtained from all patients,
and no patient was lost to follow-up. None of the pa-
tients included in the study with supraspinatus tendon
retraction greater than 5 cm (Bateman classification
grade 4), Goutallier stage 4 fatty atrophy of the supra-
spinatus muscle, and superior migration of the humeral
head (Hamada stages 1 and 2) had a reparable supra-
spinatus tear. Three patients had undergone a previous
arthroscopic rotator cuff repair. Additional procedures
performed during SCR surgery included infraspinatus
repair (1 case) and subscapularis repair (1 case). Biceps
release and acromioplasty were performed in all cases.
Twelve patients met the criterion for the minimal

clinically important difference in the SPADI score
(>18%) and experienced highly significant improve-
ment in shoulder function. The mean SPADI score
improved significantly at 1-year follow-up from
51.3% to 10.4% (Table 1). Figure 1 shows a gradual
improvement in functional outcomes at 6 months and 1
year postoperatively.
Active ROM improved significantly as well. Specif-

ically, mean active abduction improved from 65.4� to
149.3� and mean active forward flexion improved from
68.6� to 151.4� at 1-year follow-up (Table 2).
lar Reconstruction

SPADI Score, %

Pain Disability

54.9 � 22.61 49.2 � 21.4
21.86 � 19.74 23.6 � 18.7

8.3 � 11.2 11.1 � 8.8
46.6, P < .0001 38.1, P < .0001
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Postoperative complications were observed in 6 cases
overall (Table 3). Postoperative acute immunologic
rejection of the xenograft occurred in 3 of these cases.
All of the affected patients presented with shoulder
pain, swelling around the shoulder joint, and persistent
secretion of clear fluid with small white particles from
the lateral portal. In addition, systemic symptoms such
as fatigue and fever were recorded. Initially, an acute
bacterial joint infection was suspected. However, the
blood test results showed only a slight increase in the C-
reactive protein level, a normal leukocyte count, an
increased serum erythrocyte sedimentation rate, and an
increased eosinophil count. Two patients had pre-
existing conditions that could alter the immune sys-
tem: chronic low-grade osteomyelitis in the jaw and
psoriatic arthritis. In the third patient, hospital-acquired
pneumonia developed postoperatively. The patients
were treated immediately with revision arthroscopy.
Intraoperatively, it was discovered that the xenograft
was completely degraded into small white particles
around 2 to 3 mm in diameter. Graft debris and all
suture material were removed. No wound-healing
complications occurred after the revision surgical pro-
cedure. Approximately 3 weeks after the operation, the
rehabilitation program was initiated with a focus on
strengthening exercises. The patients were initially
Table 2. Range of Motion After Arthroscopic Superior
Capsular Reconstruction

Active
Abduction, �

Active Forward
Flexion, �

Preoperative 65.4 � 21.1 68.6 � 21.4
12-mo follow-up 149.3 � 28.7 151.4 � 28.3
Difference between

preoperative and 12 mo
83.9, P < .0001 82.8, P < .0001

NOTE. Data are presented as mean � standard deviation or mean.
treated with intravenous cloxacillin. However, cultures
from the intraoperative samples did not show any
bacterial growth, so antibiotic treatment was dis-
continued when the results of the cultures were nega-
tive. Two of the affected patients responded well to the
rehabilitation program and did not require additional
surgery. The third patient did not respond to the
rehabilitation program; therefore, revision SCR using a
fascia lata autograft was performed approximately 8
months after the initial operation. Postoperatively, the
patient showed improvement in shoulder function and
ROM (Table 3).
Three other patients were dissatisfied after the pro-

cedure and did not experience improvement in pain,
weakness, and active ROM despite the postoperative
rehabilitation program. In these cases, MRI examina-
tion revealed a rupture of the graft on the humeral
head. A condition that might influence the healing
potential was identified in 2 patients: One patient had
juvenile rheumatoid arthritis, and the other patient was
a smoker. The third patient did not have any pre-
existing conditions. However, progression of gleno-
humeral arthritis was discovered postoperatively. Two
of these patients required additional surgery, but
neither was interested in total shoulder replacement.
Instead, they were treated with implantation of a sub-
acromial balloon spacer (ISB; OrthoSpace, Caesarea,
Israel).
Discussion
In this study, 12 of 20 cases met the criterion for the

minimal clinically important difference in the SPADI
score (>18%). The patients experienced a significant
improvement in the SPADI shoulder score by 40.9%.
Mean active abduction improved from 65.4� to 149.3�
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and mean active forward flexion improved from 68.6�

to 151.4� at 1-year follow-up. Our study showed a
complication rate of 30%, including a 15% rate of
immunologic rejection of the xenograft. The onset of
the immunologic reaction several weeks after implan-
tation indicated acute immunologic rejection of the
xenogeneic antigens.31 A specific condition that could
alter the immunologic response was able to be identi-
fied in all cases. The first patient had chronic low-grade
osteomyelitis in the jaw, the second had psoriatic
arthritis, and the third acquired bacterial pneumonia
after the surgical procedure. All of these conditions
might lead to an alteration of the innate immune de-
fense system that is in charge of responses to foreign-
body antigens.
Biological scaffolds composed of xenogeneic or allo-

geneic ECMs have been widely used in both preclinical
studies and clinical settings.32-35 The ECM scaffolds are
usually prepared by decellularization of the tissue and
removal of the immunogenic antigens.36 A tremendous
amount of research has been performed to develop
allografts and xenografts with a low risk of immuno-
logic host reactions, high host cell ingrowth, ECM
turnover, and incorporation of the graft into the host
tissue. However, residual antigenicity of the biological
scaffolds remains an issue.36,37 The graft preparation
process has improved substantially because of an
increased understanding of the immunogenic antigens
in xenogeneic tissues and mechanisms of immunologic
host reactions.31,36 It has been shown that extensive
decellularization of the native tissues leads to disruption
of the ECM and poor mechanical properties of the graft.
In addition, preservation of the native ECM architec-
ture such as tissue morphology, alignment of the
collagen fibers, and thermal stability is critical in
avoiding the innate immune systememediated foreign-
body response toward the ECM scaffold and facilitating
recellularization of the scaffold.31 Preservation of the
ECM during the preparation process is usually achieved
by stepwise solubilization of both the hydrophilic and
lipophilic antigens in the ECM in addition to the cell
and DNA removal.31,33,38-40 However, total removal of
the antigens from xenogeneic or allogeneic tissues is
not an attainable goal to maintain the structural prop-
erties and the recellularization potential. Studies have
also shown that total removal of the antigens is not a
necessary criterion for a functioning xenograft.31 ECM
turnover begins around 1 month after implantation of
the scaffold, and complete ECM turnover occurs
approximately 6 months after implantation.41 There-
fore, if the tissue antigenicity can be sufficiently
reduced to avoid immune-mediated destruction for
approximately 6 months, the original xenogeneic scaf-
fold is completely replaced by the recipient ECM.31,41 A
study using a primate model showed increasing inte-
gration of the implanted porcine graft at 3 months after
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implantation.42 At 6 months, it was difficult to distin-
guish the graft from the native recipient tissue.
The a-gal epitopes are the main antigenic factor in a

xenograft. The long-term anti-nonegal antibody
response has been studied in patients who underwent
implantation of a porcine xenogeneic ligament replac-
ing the torn anterior cruciate ligament.43,44 The
implanted tendon was gradually replaced by host
collagen fibers without impairing the biomechanical
properties of the graft. The recipients displayed no
antibody response in the first 3 weeks after implanta-
tion. However, the anti-nonegal antibodies appeared in
all patients after 2 months and peaked by 6 months
after implantation. Antibody activity decreased at 1
year and disappeared at 2 years.44 These observations
suggest that the recipient’s immune system was stim-
ulated to produce antibodies as long as the porcine
tissue was present in the body. The immunologic
response did not affect the mechanical properties of the
implanted material, and by 24 months, all of the
porcine tissue was replaced by human ligament tissue.
The xenografts and surgery were well tolerated by all
patients. At 24 months’ follow-up, 5 of 6 evaluated
subjects presented with functional xenografts that were
clinically satisfactory and lacked knee effusion, which if
present would reflect extensive inflammation. One
subject presented with tibial bone plug loosening at 15
months after implantation. No cases of immunologic
rejection of the xenograft have been reported.44

Another study reported on the use of interposition
acellular porcine dermal xenograft in patients with
MRCTs.45 The study included 60 patients (61 shoul-
ders) and reported significant improvements in pain,
ROM, and manual muscle strength. Specifically, the
mean visual analog scale (VAS) score decreased from
4.0 preoperatively to 1.0 postoperatively. Mean active
forward flexion improved from 140.7� to 160.4�,
external rotation at 0� of abduction improved from
55.6� to 70.1�, and internal rotation at 90� of abduction
improved from 52.0� to 76.2�. The average modified
American Shoulder and Elbow Surgeons (ASES) score
was 87.8 postoperatively. Musculoskeletal ultrasound
showed that 91.8% of repairs (56 of 61) were fully
intact; 3.3% (2 of 61), partially intact; and 4.9% (3 of
61), not intact. No infections, evidence of inflammatory
reaction, tissue rejection, or other major adverse out-
comes were reported.45

Other experiments in different animal models such as
pigs, primates, and rabbits also showed that a mild
immune response does not seem to have a negative
impact on the regenerative potential of the implanted
material.31,46 In comparison with these studies, the
rejection rate in our study was quite high. In retrospect,
with acknowledgment of the immunologic reaction
pattern of the host organism to the xenografts, the
patients with pre-existing conditions altering the
immune defense system, such as chronic osteomyelitis,
juvenile rheumatoid arthritis, and psoriatic arthritis,
should not have been treated with the xenograft and
hence should not have been included in the study.
The grafts commonly used in SCR are either an

acellular dermal allograft or fascia lata autograft. Mihata
et al.22 reported the outcomes of 24 shoulders in 23
patients treated with SCR using a fascia lata autograft.
The patients showed significant improvement in
shoulder function. Specifically, the ASES score
improved from 23.5 to 92.9, mean active elevation
increased from 84� to 148�, and external rotation
increased from 26� to 40�. The acromiohumeral dis-
tance increased from 4.6 to 8.7 mm. Postoperative MRI
scans showed an 83.3% healing rate of the implanted
fascia lata autograft and repaired rotator cuff tendons.
Three patients experienced retears of the repaired
infraspinatus tendons, and 1 had a tear of the autograft.
No cases of arthritis progression or rotator cuff muscle
atrophy occurred. No complications such as neural
injury, infection, or suture anchor problems were re-
ported. In a more recent study, Mihata et al.47 reported
the outcomes of 100 patients treated with SCR using a
fascia lata autograft. The patients showed improvement
in the ASES score from 36 to 92, active elevation
improved by 56�, and external rotation improved by
15�. A 16% complication rate was noted, comprising 2
deep infections, 4 cases of suture anchor pullout, 2 se-
vere joint contractures, 3 cases of fatty atrophy of the
infraspinatus muscle, and 5 postoperative graft tears.
Double or triple fascia lata autograft with a final
thickness of 6 to 8 mmwas used in both studies. Despite
a quite large harvesting area (approximately 5 � 12
cm), none of the patients reported donor-site morbidity
or dysfunction.
Denard et al.25 reported the outcomes of 59 patients

treated with an SCR procedure using an acellular
dermal allograft. Active forward flexion improved from
130� to 158�, and external rotation improved from 26�

to 45�. The VAS score decreased from 5.8 to 1.7, the
ASES score improved from 43.6 to 77.5, and the Sub-
jective Shoulder Value (SSV) improved from 35.0 to
76.3. The graft thickness was 1 mm in 5 cases, 2 mm in
2 cases, and 3 mm in all the other cases. Postoperative
MRI scans showed healing of the graft in 45% of pa-
tients, whereas the 1-mm grafts had a failure rate of up
to 60%. Overall, a 67.8% success rate was reported.
Revision surgical procedures included RSA in 7 cases
and revision SCR in 2. Complications included infection
in 1 case and persistent pain after the biceps tenodesis
in 1 patient.
Pennington et al.30 reported the outcomes of 86 pa-

tients treated with SCR using dermal allograft. The
patients showed improvement in the VAS score from
4.0 to 1.5 and the ASES score from 52 to 82 at 1-year
follow-up. Active abduction increased from 103� to
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159�, and active forward flexion increased from 121� to
160�. All patients received 3-mm-thick dermal allo-
grafts. Only a few complications and a failure rate of
4.5% were reported. Three graft tears were revealed by
MRI scans, and 1 patient experienced increased pain
and lack of function. Revision surgery was required in 1
patient, who underwent RSA. Postoperative MRI scans
were conducted only in patients reporting dissatisfac-
tion; thus, no graft healing rate was reported.
The improvements in the shoulder scores and ROM in

the aforementioned studies followed a similar pattern
to that in our study. Although Pennington et al.30 re-
ported a very low complication rate, the fascia lata
autograft seems to have superior clinical results and a
superior healing rate to both allografts and xenografts.
SCR procedures with a dermal xenograft seem to have
a high rate of graft-related complications, specifically
immunologic rejection of the graft. None of the authors
using allograft reported on immunologic rejection of
the graft after surgery.
The thickness of the graft may be important in

achieving good clinical outcomes after the procedure.
Our study used a 3-mm-thick xenograft. Allografts used
in SCR procedures are usually 3 mm thick, and the
fascia lata graft is usually 6 to 8 mm thick. Mihata
et al.48 compared a 4-mm-thick fascia lata graft with an
8-mm-thick fascia lata graft. Biomechanical analysis
showed that although both the 4- and 8-mm-thick
grafts decreased subacromial contact pressure, the 8-
mm-thick graft was better in reducing superior trans-
lation. Another study compared the biomechanical
properties of a 3-mm-thick dermal allograft versus an
8-mm-thick fascia lata autograft in an SCR cadaveric
model.49 The allografts were significantly elongated by
15% during testing, whereas the fascia lata graft lengths
were unchanged. The dermal allografts partially
restored superior glenohumeral stability, whereas the
fascia lata grafts completely restored superior gleno-
humeral stability.
Postoperative MRI scans of all the patients treated

with the SCR procedure could not be obtained in our
study. Hence, the xenograft healing rate cannot be re-
ported. However, with acknowledgment of our
complication rate of 30% and revision rate of 25%,
both mostly graft related, our healing rate is probably
lower than the reported healing rate of fascia lata
autografts.
Total RSA has recently emerged as an option in the

treatment of irreparable MRCTs.16,17,19 Ernstbrunner
et al.16 reported on long-term outcomes after RSA for
irreparable MRCTs in 20 patients younger than 60
years. The Constant score improved from 24 to 59, and
the SSV increased from 20% to 71%. In addition, sig-
nificant improvements were noted in active anterior
elevation (from 64� to 117�), active abduction (from
58� to 111�), pain scores, and strength. The clinical
outcomes did not significantly deteriorate beyond 10
years, and the functional results of patients with pre-
vious surgical procedures were not significantly inferior
to those of patients with primary RSA. The complica-
tion rate was 39%; complications included persistent
stiffness, pain, mechanical block, early dislocation, late
dislocation, glenoid component dissociation, and
infection. The revision rate was 26%; the revision
procedures comprised arthroscopic debridement in 2
patients, exchange of the liner in 4 patients, conversion
to hemiarthroplasty in 1 patient, and surgery for
infection in 2 patients.
Petrillo et al.17 reported on outcomes and complica-

tions of RSA in 396 patients with an average age of 71.9
years. After surgery, all clinical scores improved in a
statistically significant fashion. Specifically, the VAS
score improved from 6.5 to 1.8, the ASES score
improved from 29.4 to 72.2, the Constant shoulder
score improved from 31.4 to 60.3, and the SPADI score
improved from 77% to 34%. In addition, active
abduction improved from 41.1� to 115.4�, and active
forward flexion improved from 51� to 124.4�. The
complication rate was 17.4%. Complications included
infection; humeral, scapular, and/or acromial fracture;
humeral stem loosening; baseplate failure; center screw
breakage; luxation; and mechanical failure. The rate of
revision surgery was 7.3%; revision procedures
included change of the liner, revision of the humeral
stem or glenoid plate, and revision owing to infection.
An earlier study of RSA reported a complication rate of
nearly 50%with a revision rate of 30%.50 Nevertheless,
more recent studies have shown a dramatic decrease in
the complication rate.51,52 If compared with our results,
whether using autograft, allograft, or xenograft, the
clinical improvement after RSA is quite similar. How-
ever, there are several important differences. The pa-
tient population treated with RSA in the study of
Petrillo et al. was older (mean age, 71.9 years) than our
patient population (mean age, 60 years) at the time of
SCR surgery. RSA in patients younger than 60 years
showed a much higher complication rate than in older
individuals (aged 71.9 years). Although our study
shows a quite high complication and revision rate in the
context of SCR surgery, the rate is similar to that of
RSA. On the other hand, although most of our com-
plications are relatively easily solved by revision
arthroscopy, the complications after RSA procedures
are more severe and difficult to address.
Other procedures traditionally used for irreparable,

chronic MRCTs are different tendon transfers. Specif-
ically, latissimus dorsi transfer is used in patients with
chronic posterosuperior cuff insufficiency, and pector-
alis major transfer is used in patients with chronic
anterosuperior rotator cuff insufficiency.4,53-56 Gerber
et al.57 reported the 10-year results of 44 patients
treated with latissimus dorsi transfer for chronic
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MRCTs with posterosuperior rotator cuff deficiency. At
the final follow-up, the SSV improved from 29% to
70%, the relative Constant score improved from
56% to 80%, active abduction improved from 112.1�

to 122.6�, and active forward flexion improved from
118� to 132.4�. Complications included 1 infection, 2
cases of postoperative shoulder stiffness, 1 latissimus
dorsi avulsion, 1 deltoid avulsion, and 2 cases of ulnar
nerve dysesthesia. The revision rate was 12.3%; revi-
sion procedures included arthroscopic debridement,
latissimus dorsi reconstruction, and RSA. El-Azab
et al.53 reported the results of 108 patients treated
with latissimus dorsi transfer for chronic poster-
osuperior rotator cuff insufficiency with an average of
9.3 years’ follow-up. At the final follow-up, the relative
Constant score improved from 44% to 71%, the ASES
score improved from 30 to 70, the VAS score improved
from 7.8 to 2.4, active abduction improved from 88.7�

to 127.4�, and forward flexion improved from 86� to
133.5�. Complications included axillary hematoma in 4
cases, a radial nerve lesion in 1, an axillary nerve lesion
in 1, deltoid insufficiency in 3, and secondary frozen
shoulder in 2. Except for a hematoma evacuation, no
revision surgical procedures were reported. By com-
parison, our study showed similar improvements in
shoulder function and ROM. Although our complica-
tion rate was higher, the complications were relatively
easily solved by revision arthroscopy. In addition,
tendon transfer is a much more extensive and invasive
surgical procedure than SCR.

Limitations
Our study has limitations. First, our initial experience

is presented with a relatively low number of patients
and without a control group. Inaccurate exclusion
criteria, especially regarding pre-existing conditions
that could impair healing of the xenograft or lead to an
immunologic rejection, might have influenced the re-
sults and the complication rate. Second, only short-
term results are presented, and the surgical outcomes
in the long term are not known. Third, postoperative
MRI scans were not available to confirm healing of the
graft in patients with significant improvements and
successful outcomes after SCR surgery.

Conclusions
Arthroscopic SCR with an acellular porcine dermal

xenograft led to a successful outcome in 60% of cases.
The procedure showed a quite high complication rate;
the most severe cases were related to acute immuno-
logic rejection of the xenograft.
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