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Abstract

Background Scaffold devices are used to augment rotator
cuff repairs in humans. While the strength of a novel poly-L-
lactic acid-reinforced (human) fascia patch has been
documented, it is unclear whether such patches will
enhance the strength or likelihood of healing of rotator cuff
repairs.
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Questions/purposes In a canine shoulder model, we
asked: Do tendon repairs augmented with a reinforced
fascia patch have (1) increased biomechanical properties at
Time 0 and (2) less tendon retraction and increased cross-
sectional area and biomechanical properties after 12 weeks
of healing compared to repairs without augmentation?
(3) Do the biomechanical properties of tendon repairs reach
normal values by 12 weeks of healing? And (4) is the host
response associated with use of the reinforced fascia patch
biocompatible?

Methods FEleven dogs underwent bilateral shoulder sur-
gery with partial release and acute repair of the
infraspinatus tendon, one shoulder with augmentation and
one without augmentation. Repair retraction, cross-
sectional area, biomechanical properties, and biocompati-
bility were assessed at 12 weeks.

Results At Time 0, the mean &= SD ultimate load of
augmented repairs was 296 + 130 N (46% =+ 25%) more
than nonaugmented repairs, with no difference in stiffness
between groups. At 12 weeks, the ultimate load of aug-
mented repairs averaged 192 £ 213 N (15% =+ 16%) less
than nonaugmented repairs, with no difference in stiffness
between groups. At the tendon repair site at 12 weeks, the
fascia patch showed a biocompatible host tissue response.
Conclusions The biomechanical properties of repairs
augmented with a reinforced fascia patch demonstrated
greater ultimate load at Time O than nonaugmented repairs
but remained essentially unchanged after 12 weeks of
healing, despite improvements in the ultimate load of
nonaugmented controls in the same time frame.

Clinical Relevance Together with our previous work,
these findings support the possibility that reinforced fascia
patches would incorporate and provide (at least early)
mechanical augmentation to rotator cuff repair in human
patients.
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Introduction

Rotator cuff tears affect 40% or more of those older than
60 years and are thought to be a common cause of debil-
itating pain, reduced shoulder function, and weakness. In
the United States, 30,000 to 75,000 rotator cuff repairs are
performed annually [36, 37]. Although surgical treatment
and rehabilitation strategies for rotator cuff repair continue
to evolve, repair failure rates of 20% to 70% for medium to
large tears remain a major clinical challenge [7-9, 11, 20,
21, 33, 35, 40]. Hence, strategies to mechanically augment
the repair and biologically enhance its healing potential are
needed [1, 29].

Currently, scaffolds derived from extracellular matrix
(ECM), poly(urethane urea), and poly-L-lactic acid
(PLLA) are commercially available and cleared by the
FDA to augment rotator cuff repair in humans [13]. The
rationale for using a scaffold may include mechanical
augmentation by off-loading the repair and/or biologic
augmentation by improving the rate and quality of healing.
The material structural and biologic properties of the
scaffold and how the scaffold is used are likely to define its
mechanism of action and efficacy. Several reports have
reported reduced pain and improvement in activities of
daily living, satisfaction, and strength in patients with
rotator cuff repair receiving scaffold augmentation com-
pared to their preoperative condition [4, 10, 18, 19, 24, 30,
38], but only one [5] found a better healing rate (by MR
arthrogram) in patients with rotator cuff repair receiving
scaffold augmentation compared to a nonaugmented repair
control group. Numerous questions related to the indica-
tion, surgical application, safety, mechanism of action, and
efficacy of scaffold devices remain to be clarified or
addressed.

Unique to scaffolds derived from ECM, only fascia lata
has material structural and biochemical properties similar
to those of tendon [15, 16]. However, native fascia lata has
poor suture retention properties (~ 10 N) [3], which limits
its usefulness as a tendonlike scaffold for rotator cuff repair
augmentation. We recently reinforced fascia ECM with
PLLA polymer braids to engineer the suture retention
properties of fascia to meet the needs of musculoskeletal
applications [3]. We found the reinforced fascia patch has
and maintains its suture retention properties on the order of
human rotator cuff tendon before and after implantation in
a rat subcutaneous model. Further, we found augmentation
with a reinforced fascia patch decreased cyclic gap for-
mation compared to nonaugmented repairs in a human
cadaver model [23]. These studies demonstrate the poten-
tial for a reinforced fascia patch to provide mechanical
augmentation, minimize tendon retraction, and possibly
reduce the incidence of rotator cuff repair failure; however,
the biocompatibility and biomechanical utility of this patch
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in the context of rotator cuff repair healing remain to be
investigated.

Therefore, we evaluated augmentation of acute rotator
cuff tendon repair with a reinforced fascia patch in a canine
model. We asked the following questions: Do augmented
repairs have (1) increased biomechanical properties at
Time 0 and (2) less tendon retraction and increased cross-
sectional area and biomechanical properties after 12 weeks
of healing compared to repairs without augmentation?
(3) Do the biomechanical properties of tendon repairs reach
normal values by 12 weeks of healing? And (4) is the host
response associated with use of the reinforced fascia patch
biocompatible?

Materials and Methods

Eleven male, mongrel dogs (age, 9—13 months; weight,
23-28 kg) underwent bilateral shoulder surgery. Both
shoulders received partial release of the superior 8 to 9 mm
of the infraspinatus tendon, which is approximately %5 of
the tendon width [17]. One shoulder underwent tendon
release and repair only, and the contralateral shoulder was
subjected to release and repair followed by augmentation
with a reinforced (human) fascia patch. Tendon retraction,
cross-sectional area, stiffness, ultimate load, and biocom-
patibility of the repair site were evaluated at 12 weeks after
surgery. In addition, seven pairs of canine cadaver shoul-
ders underwent infraspinatus injury and repair with and
without augmentation and served as Time 0 biomechanical
controls. Historical biomechanical data from eight
unpaired, canine cadaver shoulders were referenced as
normal controls [17]. The study received prior approval of
our Institutional Animal Care and Use Committee.

This study was powered primarily to detect differences
in mechanical properties between nonaugmented and aug-
mented repairs at Time 0 and after 12 weeks of healing.
We chose to detect a mean difference of 165 N in ultimate
load based on the rationale that a 25% change in the
properties of nonaugmented tendon repairs at Time O could
be clinically important [17]. Previously, the mean + SD
ultimate load of nonaugmented tendon repairs at Time O
was 668 £ 146 N (n = 8) [17]. A sample size of 11
allowed us to detect an effect size of 1.1 (165/146 N) with
o = 0.05 and power = 0.9.

We prepared reinforced fascia patches by stitching
lyophilized human fascia lata from the iliotibial tract of
three human donors aged 18 to 55 years (Musculoskeletal
Transplant Foundation, Edison, NJ, USA), with custom
100% PLLA fiber as described [3]. However, given the size
constraints of the canine shoulder, we scaled down the
patches to 18 x 34 mm, from our previously described 50 x
50 mm [3, 23]. The use of smaller and rectangular-shaped
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patches required the stitch pattern to be modified as well.
The Time O failure load of the patches used in the canine
study was assessed by fixation of the patch to a wooden
block using four simple FiberWire® sutures (Arthrex, Inc,
Naples, FL, USA) on its lateral (two), superior (one), and
inferior sides (one) and pulling its medial end to failure
using three simple FiberWire®™ sutures. The Time 0 failure
load of patches designed as in this canine study averaged
153 £ 27 N (n = 6).

Surgical methods were as described in our previous
study with this animal model [17]. Briefly, dogs were
anesthetized with intravenous sodium methohexital
(10 mg/kg), intubated, and maintained on isoflurane in
oxygen (3%). The infraspinatus tendon was approached
and the superior %5 was detached from its insertion. A
portion of the joint capsule was excised to model an
intraarticular injury (Fig. 1A). The tendon was repaired
back to its insertion with two transosseous Number 0
FiberWire™ sutures in a modified Mason-Allen configu-
ration (Fig. 1B). For augmentation, a fascia patch was laid
over the tendon repair and attached to the tendon medially
using three Number 0 FiberWire®™ Mason-Allen sutures
and tensioned across the tendon repair with four Number 0
FiberWire® simple sutures (Fig. 1C). The wounds were
irrigated with normal saline and closed in layers.

Postoperatively, dogs were housed individually in 2.13- x
0.91-m cages with restricted ceilings. Dogs were given
subcutaneous injections of buprenorphine (0.02 mg/kg
body weight) twice daily for 3 to 5 days postoperatively for

analgesia and 500 mg cephalexin orally twice daily for
7 days as a prophylactic antibiotic.

At 12 weeks, we euthanized the dogs using a lethal
injection of barbiturate (1 mL/4.5 kg; Beuthanasia-D®;
WA Butler, Dublin, OH, USA). We harvested the tendon
repair construct, including the infraspinatus muscle and
20 cm of the proximal humerus. It was not possible to
reproducibly separate the intact portion of the tendon from
the repaired portion, so the entire tendon (and reinforced
fascia patch in augmented samples) constituted the repair
construct. Samples were stored in saline-soaked gauze at
—20° C up to 8 months until tested. This delay in testing
allowed all samples to be collected and biomechanically
tested in one analysis. Since both the experimental and
control samples from any given dog were frozen for an
identical amount of time, any effects of frozen storage,
though expected to be minor [25, 27, 28, 34, 39], would
have affected each group similarly.

To assess tendon retraction distance at 12 weeks, we used
visual inspection and palpation to approximate the position
of the tendon stump within the fibrous tissue at the repair site
[17]. We used calipers to measure the distance between the
retracted stump and osseous repair site. The somewhat
subjective nature of identifying the position of the retracted
tendon stump led us to report the tendon retraction data
categorically in four groups: (1) 5 mm or less; (2) 5 to
10 mm; (3) 10 to 15 mm; or (4) 15 mm or more.

At mechanical testing, the humeri were potted and the
muscle belly was gripped in a custom cryoclamp as

Fig. 1A-C Diagrams illustrate bilateral rotator cuff injury and repair
with and without patch augmentation in a canine model. (A) The
superior % of the infraspinatus tendon was sharply detached from its
insertion at the greater tuberosity, and a 1.5- x 2-cm portion of the
underlying joint capsule was excised. (B) The infraspinatus tendon
was immediately repaired back to its insertion using two transosseous
modified Mason-Allen sutures. Bone anchors for patch fixation were
included in the nonaugmented shoulders. (C) For augmentation, a
fascia patch was laid over the tendon repair and attached to the tendon

medially with use of three Number 0 FiberWire®™ Mason-Allen
sutures. The device was tensioned by advancing the lateral edge
approximately 2 mm laterally for osseous attachment to two
customized stainless steel machine screw anchors (2.2 mm in
diameter) using Number 0 FiberWire™ simple sutures. Finally, the
patch was tensioned superiorly and inferiorly to osseous anchors
because of the absence of a soft tissue rotator cuff in this animal
model. Reprinted with permission, Cleveland Clinic Center for
Medical Art & Photography © 2009-2011. All rights reserved.
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described previously [17]. We estimated the cross-sectional
area of the repair construct from caliper measurements of
the width and thickness. Suture markers of 4-0 braided silk
were stitched through the tendon and overlying soft tissue
on the repair construct 20 mm medial to the insertion site,
which was medial to the reinforced fascia patch attachment
to tendon. A 1.6-mm tantalum bead was placed as a bone
marker at the insertion site. Samples were tested in tension
along their anatomic direction of pull. Testing was con-
ducted in air at room temperature, and samples were kept
moist by spraying with saline solution. Samples underwent
100 prefailure loading cycles from 5 to 100 N and were
immediately tested to failure at 30 mm/minute (MTS
Systems Corp, Eden Prairie, MN, USA). Load was recor-
ded with a 5000-N load cell (Honeywell Sensotec,
Columbus, OH, USA). A custom optical system, synchro-
nized with the load data and sampling at 30 Hz, was used
to track the optical markers and calculate the local dis-
placements across the tendon-bone repair site using custom
texture correlation software [6]. Repair stiffness was
defined from failure testing as the slope of the load-
displacement curve from 50 to 400 N. Ultimate load was
defined as the maximum load the sample reached.

After mechanical testing, we processed the tendon-bone
repair sites of three augmented repairs, which included the
reinforced fascia patch, for histologic evaluation of bio-
compatibility. Samples were fixed in 10% neutral buffered
formalin for 3 to 7 days, decalcified in 5% trichloroacetic
acid solution for 1 to 2 weeks, processed routinely, and
embedded in paraffin. From each specimen, 6-pm-thick
sections were cut and stained with hematoxylin and eosin.
One section from within the repaired region was visually
inspected by a board certified pathologist (CDT) so that
qualitative comments regarding fascia patch morphology,
overall cellular infiltration, inflammatory cells, and neo-
vascularization could be made.

We compared stiffness, ultimate load, and cross-
sectional area between paired shoulders using a Wilcoxon
signed-rank test and tendon retraction distance using a sign
test. Within the nonaugmented and augmented repair

groups, we compared stiffness and ultimate load with the
respective Time 0 and normal controls using a Kruskal-
Wallis one-way ANOVA on ranks, with pairwise Wilcoxon
rank-sum post tests for significance. Since at least one data
set failed the test for normality, nonparametric tests were
used for all statistical comparisons. SigmaPlot®™ 10.0
(Systat Software, Inc, Chicago, IL, USA) was used for
statistical analysis.

Results

When the group means for the biomechanical properties
(stiffness, ultimate load) (Table 1) were paired and ana-
lyzed, at Time O, stiffness was similar (p = 0.219) between
nonaugmented and augmented repairs (Fig. 2A). However,
the ultimate load of augmented repairs averaged
296 £ 130 N (46% =+ 25%) more (p = 0.016) than that of
nonaugmented repairs (Fig. 2B). The predominant mode of
failure for both nonaugmented and augmented repairs was
suture cut-through of the tendon (Table 2).

Tendon retraction was similar (p = 0.72) between
nonaugmented and augmented repairs. During the 12-week
healing period, all repairs retracted to some extent
(Table 3). Four of 11 repairs in each group retracted less
than 5 mm during the 12 weeks of healing, whereas three
of 11 nonaugmented repairs and four of 11 augmented
repairs retracted greater than 15 mm during the same time
period. After 12 weeks of healing, the cross-sectional area
of augmented repairs averaged 24 4+ 24 mm® (46% +
50%) more (p = 0.019) than paired nonaugmented repairs
(Table 1). At 12 weeks, we found no difference
(p = 0.365) in construct stiffness between augmented and
nonaugmented repairs (Fig. 2A). However, the ultimate
load of augmented repairs averaged 192 4+ 213 N
(15% =+ 16%) less than (p = 0.01) paired nonaugmented
repairs (Fig. 2B). The predominant failure mode of both
groups started in soft tissue by rupture of the repair and/or
intact portion of the tendon, at or away from the bone
(Table 2).

Table 1. Cross-sectional area and biomechanical properties of repair constructs

Variable Normal controls* Nonaugmented repairs Augmented repairs

n=2_y

( ) Time 0 (n = 7) 12 weeks (n = 11) Time 0 (n = 7) 12 weeks (n = 11)
Cross-sectional area (mm?) 3242 NA 70 £+ 197 NA 94 + 10™%
Stiffness (N/mm) 515 + 141 211 + 22F 265 + 49% 232 + 437 248 + 431
Ultimate load (N) 1595 + 285 670 £ 1127 1228 + 1150 966 + 1607+ 1037 + 189"

Values are expressed as mean + SD; * previously published data [17]; fcompared with normal controls, the difference was significant
(p < 0.001); *compared with Time 0 nonaugmented repairs, the difference was significant (p < 0.016); compared with 12-week nonaugmented
repairs, the difference was significant (p = 0.019); Hcompared with 12-week nonaugmented repairs, the difference was significant (p = 0.01);
NA = not applicable (cross-sectional areas not obtained for the Time 0 repairs).
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Fig. 2A-B Graphs show the biomechanical properties of the paired
nonaugmented and reinforced fascia patch (RFP) augmented repairs
at Time O and 12 weeks. (A) There was no difference in stiffness
between nonaugmented and augmented repairs at Time O (p = 0.219)

The stiffness (p = 0.011) and ultimate load (p < 0.001)
of nonaugmented repairs increased between Time O and
12 weeks of healing, but both parameters remained less
(p < 0.02) than normal controls at 12 weeks (Table 1).
Neither the stiffness (p = 0.65) nor the ultimate load
(p = 0.24) of augmented repairs changed between Time 0
and 12 weeks of healing, and both parameters remained
less (p <0.001) than normal controls at 12 weeks
(Table 1).

Visual inspection suggested the fascia patch was
appreciably resorbed at its medial suture connection to
tendon in three of 11 samples. At the tendon repair sites of
the three samples examined histologically, the fascia
matrix was discernable and intimately associated with
surrounding host tissues (Fig. 3A). Neither the fascia
matrix nor the PLLA reinforcing fiber appeared to be
resorbed in this region (Fig. 3B). The interface between the
reinforced fascia patch and host tissue showed cellularized
fibrous tissue with mild neovascularization (Fig. 3C).
Grafts exhibited variable regions of cellularity and most
of the cellular infiltrates were accounted for by spindle-
shaped cells infiltrating within and between the fascicles of
the native fascia architecture (high cellular density: Fig. 3D;
low cellular density: Fig. 3E). There was no evidence of an
inflammatory cell infiltrate, except in regions immediately
adjacent to the PLLA reinforcing fiber where rare giant
cells were noted.

Table 3. In vivo tendon retraction at 12 weeks

Tendon retraction Number of tendons

distance (mm)

Nonaugmented
repairs (n = 11)

Augmented
repairs (n = 11)

. . < 4 4

or 12 weeks (p = 0.365). (B) At Time 0, the ultimate load of =3
augmented repairs averaged 296 + 130 N (46% =+ 25%) more 5-10 3 1
(p = 0.016) than that of nonaugmented repairs. At 12 weeks, the 10-15 1 2
ultimate load of augmented repairs averaged 192 4+ 213 N > 15 3 4
(15% £ 16%) less (p = 0.01) than that of nonaugmented repairs. —
Table 2. Ex vivo failure modes for mechanical testing of repair constructs
Failure mode Normal controls* Time 0 12 weeks

n=2_8

( ) Nonaugmented Augmented Nonaugmented Augmented

n="7) n="7) (n=11) (n=11)
Soft tissue 0 5 6 8 9
Bone avulsion of intact 0 2 1 1 1
tendon strut

Bone avulsion of humeral 8 0 0 2 1

head*

* Previously published data [17]; "failure by suture pulling through tendon for Time 0 samples; failure by rupture of the repair and/or intact
portion of the tendon, at or away from the bone, for 12-week samples; *humerus fractured before the repair failing; failure load reported is

therefore underestimated.
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Fig. 3A-E Images show the reinforced fascia augmented repair at
12 weeks. (A) In a representative longitudinal section of an
augmented repair site (upper image), the reinforced fascia patch
overlying the bone and tendon is discernable and intimately
associated with surrounding host tissues (stain, hematoxylin and
eosin; original magnification, x20). In the lower image, a masked
representation of the upper image outlines the fascia patch, tendon,
and bone at the tendon repair site. The asterisk indicates a PLLA
reinforcement fiber. (B) An inset box from (A) demonstrates neither
the fascia matrix nor the PLLA reinforcing fiber appear to be resorbed
in this region (stain, hematoxylin and eosin; original magnification,
%x200). (C) In Region 1 from (B), the interface between the reinforced

Discussion
Although numerous patch devices derived from ECM or

synthetic polymers are available to augment rotator cuff
repair in humans [13], the efficacy of any device in

@ Springer

fascia patch and host tissue shows cellularized fibrous tissue with
mild neovascularization (arrows; stain, hematoxylin and eosin;
original magnification, x400); (D) Region 2 from (B) demonstrates
a region of high cellular density within the fascia patch (stain,
hematoxylin and eosin; original magnification, x400). (E) Region 3
from (B) demonstrates a region of low cellular density within the
fascia patch (stain, hematoxylin and eosin; original magnification,
x400). Most of the cellular infiltrates within the patch were
accounted for by spindle-shaped cells. There was no evidence of an
inflammatory cell infiltrate, except in regions immediately adjacent to
the PLLA reinforcing fiber where rare giant cells were noted.

reducing the incidence of retear compared to nonaug-
mented primary repair has not yet been demonstrated. Our
group has developed a polymer-reinforced fascia ECM
patch and demonstrated its biomechanical properties and
utility, as well as initial biocompatibility, through a series
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of bench, cadaveric, and small-animal investigations [3,
23]. The current study builds on our previous work by
investigating the biomechanical utility and biocompatibil-
ity of this patch in the context of large-animal rotator cuff
repair healing.

Limitations of our canine shoulder model include the
following. First, the animals were relatively young and the
injury model was acute. While these healing conditions
were consistent for both repair groups, they likely do not
closely reflect those of chronic rotator cuff repairs in an
older human population. Second, we used a bilateral injury
model. While a bilateral injury model allows each animal
to be its own control, it likely provides an overly rigorous
test of the repair construct as postoperative rehabilitation
cannot be controlled and the animal cannot favor either
limb during the healing process. Third, there were ana-
tomic and size dissimilarities compared to the human
rotator cuff condition [14]. As a consequence, the fascia
patch used in this canine study was scaled down from its
well-characterized and optimum design for human appli-
cation [3, 23]. Fourth, bone anchors were needed to secure
the patch superiorly and inferiorly over the repair because
dogs lack the soft tissue anatomy of a human rotator cuff.
In addition, patch fixation with seven FiberWire® sutures
over approximately 1 x 3 cm was necessary but exceeds
the typical suture density for securing an augmentation
patch onto the human rotator cuff tendon. In particular, the
three medial sutures used to attach the patch to the tendon
were densely spaced across a 1-cm tendon width and could
introduce mechanical irritation, wear, and/or local inflam-
mation. Furthermore, their Mason-Allen configuration
could act to strangulate the tendon and introduce necrosis
[26], which could reduce the capacity of the tendon to
integrate with the patch or heal to the bone. Finally, we did
not perform a thorough histologic survey of the tendon
repair and patch in a large number of samples or in samples
devoted exclusively to histology.

We found repair augmentation increased the ultimate
load but not the stiffness of the canine repairs at Time 0.
Similarly, repair augmentation with a PLLA patch
(X-Repair"‘? ; Synthasome Inc, San Diego, CA, USA)
increased the ultimate load but not the repair stiffness in
canine [17] and human [22] cadaveric models. The potential
for patch augmentation to increase construct stiffness may
be mitigated to a large extent by setting of the repair sutures
during the early loading of the repair. The 46% increased
ultimate load achieved with device augmentation at Time 0
is likely the result of having five points of tendon fixation
(two sutures between tendon and bone and three sutures
between patch and tendon) rather than two points.

Repair augmentation did not reduce the amount of tendon
retraction at the repair site or increase the biomechanical
properties of the repair at 12 weeks compared to

nonaugmented controls. These findings are similar to a
previous study that showed rotator cuff repairs augmented
with a small intestinal submucosa (SIS) patch (Restore™;
DePuy Orthopaedics, Inc, Warsaw, IN, USA) had no
increase in failure load compared to nonaugmented repairs at
12 weeks of healing in the ovine model [32]. However, our
findings are in contrast to previous studies that showed
rotator cuff repair augmentation with a PLLA patch
(X-Repair@) reduced tendon retraction and improved the
stiffness (26%) and ultimate load (35%) of the repair at
12 weeks in the canine model [17]. In addition, infraspinatus
tendon repairs augmented with a polycarbonate poly(urethane)
urea (PCPU) patch (RCR Patch™; Biomerix Corp, Fremont,
CA, USA) showed an increase in failure load compared to
nonaugmented repairs at 12 weeks in the ovine model [31].

One explanation for improved biomechanical outcomes
at 12 weeks with the use of synthetic patches but not with
biologics, at least in these animal models, could be related
to patch resorption. Patch fixation using nonresorbable
suture may induce local inflammation that results in
accelerated enzymatic resorption, particularly at the medial
end of the patch where the suture density is high in the
animal model. This mechanism is supported by our
observation that the reinforced fascia patch in our study
was appreciably resorbed at its medial suture connection to
the tendon in three of 11 samples. Medial patch resorption
could abrogate the initially strong Time 0 attachment of the
patch to the tendon, leaving the augmented repairs to
perform much like the nonaugmented repairs after
12 weeks of healing. Although three FiberWire®™ sutures
were also used for medial fixation of the PLLA patch
previously [17], PLLA would be less susceptible than a
biologic patch to enzymatic resorption resulting from local
inflammation induced by suture fixation. Hence, the Time 0
biomechanical benefit of augmentation with a synthetic
patch could be maintained over the 12-week study period
by way of the same all-mechanical mechanism as at Time
0, and any additional tendon healing or fibrous tissue for-
mation would then serve to increase the overall construct
properties. Given the possibility that medial patch resorp-
tion is exacerbated by use of a animal model that requires
excessively dense suture fixation, the extent to which our
findings reflect those expected with use of the reinforced
fascia patch in the context of human rotator cuff repair is
uncertain at this time. However, it is certainly possible that
biologic and synthetic patches could act by way of different
mechanisms and thus serve different roles in the context of
human rotator cuff repair augmentation.

We found repairs augmented with reinforced fascia had
lower stiffness (48%) and ultimate load (65%) than normal
tendon at 12 weeks. Similarly, rotator cuff repairs aug-
mented with an SIS patch had lower stiffness (40%) and
ultimate load (24%) than normal tendon at 12 weeks in an
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ovine model [32], rotator cuff repairs augmented with a
PLLA patch had lower stiffness (47%) and ultimate load
(77%) than normal tendon at 12 weeks in a canine model
[17], and rotator cuff repairs augmented with a PCPU patch
had lower stiffness (41%) and ultimate load (38%) than
normal tendon at 12 weeks in an ovine model [31]. The
extent to which the biomechanical properties of these
repair constructs would approach normal tendon after a
period of time sufficient for either mature engraftment and/
or remodeling (in the case of a biologic patch) or complete
hydrolytic resorption (in the case of a biodegradable syn-
thetic patch) is unknown and should be addressed with
longer-term studies.

The reinforced fascia patch demonstrated a biocompat-
ible histologic response at the tendon repair site, as
evidenced by a noninflammatory (fibroblastlike) cell infil-
trate, intimate association with host tissues, and minimal
resorption at 12 weeks. Similarly, noncrosslinked biologic
scaffolds derived from dermis [2] and SIS [12, 32] and
synthetic scaffolds derived from PLLA [17] have shown a
biocompatible host response at 12 weeks in large-animal
rotator cuff models. A thorough histologic survey of these
augmented repair constructs from the bone to the medial
tendon attachment of the patch has not been previously
performed and would allow investigation of region-specific
cellular infiltration and vascularization, patch integration,
and patch resorption.

In summary, the biomechanical properties of rotator cuff
repairs augmented with a reinforced fascia patch in the
canine model demonstrated greater ultimate load at Time O
than nonaugmented repairs but remained essentially
unchanged after 12 weeks of healing, despite improvements
in the ultimate load of the nonaugmented controls in the
same time frame. At the tendon repair site, the fascia patch
showed a biocompatible host tissue response. Together
with our previous body of work demonstrating the bio-
mechanical utility of the reinforced fascia patch in a variety
of in vitro and in vivo model systems [3, 23], our obser-
vations support the possibility that reinforced fascia
patches would incorporate and provide (at least early)
mechanical augmentation to rotator cuff repair in human
patients. Future studies investigating the use of the rein-
forced (human) fascia patch for augmentation of rotator
cuff repair in human patients will help to more conclu-
sively define the efficacy of this patch for improving repair
outcomes in humans.
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