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Augmentation with a reinforced acellular fascia
lata strip graft limits cyclic gapping of
supraspinatus repairs in a human cadaveric model
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Background: A reinforced biologic strip graft was designed to mechanically augment the repair of rotator
cuff tears that are fully reparable by arthroscopic techniques yet have a likelihood of failure. This study
assessed the extent to which augmentation of human supraspinatus repairs with a reinforced fascia strip
can reduce gap formation during in vitro cyclic loading.
Methods: The supraspinatus tendon was sharply released from the proximal humerus and repaired back
to its insertion with anchors in 9 matched pairs of human cadaveric shoulders. One repair from each pair
was also augmented with a reinforced fascia strip. All repairs were subjected to cyclic mechanical loading
of 5 to 180 N for 1000 cycles.
Results: All augmented and nonaugmented repair constructs completed 1000 cycles of loading. Aug-
mentation with a reinforced fascia strip graft significantly decreased the amount of gap formation compared
with nonaugmented repairs. The average gap formation of augmented repairs was 1.5 ± 0.7 mm after the
first cycle vs. 3.0 ± 1.2 mm for nonaugmented repairs (P = .003) and 5.0 ± 1.5 mm after 1000 cycles of
loading, which averaged 24% ± 21% less than the gap formation of nonaugmented repairs (7.0 ± 2.8 mm,
P = .014).
Conclusion: Cadaveric human supraspinatus repairs augmented with a reinforced fascia strip have sig-
nificantly less initial stroke elongation and gap formation than repairs without augmentation. Augmentation
limited gap formation to the greatest extent early in the testing protocol. Human studies are necessary to
confirm the appropriate indications and effectiveness of augmentation scaffolds for rotator cuff repair healing
in the clinical setting.
Level of evidence: Basic Science Study; Biomechanics
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Tears in the rotator cuff are characterized by reduced shoul-
der function and deficiencies in the normal joint mechanics,
often with the presence of debilitating pain.16,23 Tears can pro-
gress in size over time, potentially leading to further
dysfunction and continued pain.25 Although stepwise advances
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have been made in the surgical repair of medium to large tears,
primary repair failure rates from 20% to 70% are still re-
ported, depending on the patient’s age, tear size and chronicity,
tendon quality, muscle atrophy and degeneration, and reha-
bilitation protocol.3,4,11,18,20,36 Tension overload of the primary
repair is understood to be one mechanism of failure13,39; there-
fore, augmentation of the primary repair has been put forth
as a strategy to potentially mitigate this occurrence.

Currently, scaffold devices are the most common clini-
cally available method to mechanically augment the rotator
cuff repair site. Clinical data to demonstrate the indications,
efficacy, and complication rates of scaffold devices are limited;
however, it has been proposed that scaffold augmentation may
be indicated for reducing retear rates of medium to large re-
pairable tears or recurrent tears that would otherwise have a
moderate to high likelihood of failure.35 Scaffolds derived from
extracellular matrix (ECM) and synthetic sources have been
cleared by the United States Food and Drug Administration
for augmentation of the rotator cuff after primary repair, and
most of the current device designs are “patches” that can be
fit to the repair site.

In most clinical reports, augmentation grafts have been
applied during open surgery, although grafts were placed
arthroscopically in 2 recent studies.2,37 No laboratory or clin-
ical studies have compared the mechanical utility or clinical
outcomes when a graft is placed open vs. arthroscopically.
However, laboratory work supports the conclusion that for
grafts to have mechanical benefit, they need to be tensioned
at implantation.27,38

There is a need for a means to readily and effectively
mechanically augment the repair of rotator cuff tears that
are fully reparable by arthroscopic techniques yet have a
likelihood of failure. To address this clinical need, a bio-
logic strip graft for arthroscopic rotator cuff repair
augmentation was designed. The graft is constructed largely
from ECM, in this case human fascia lata, reinforced with
an ultra-high-molecular-weight polyethylene (UHMWPE)
suture. To evaluate the potential use of a reinforced fascia
strip graft for arthroscopic rotator cuff repair augmentation,
this study assessed the extent to which augmentation of
human supraspinatus repairs with a reinforced fascia strip
could reduce gap formation during in vitro cyclic loading
using a cadaveric model. The hypothesis was that tendon
repairs augmented with a 5-mm × 60-mm reinforced fascia
strip would have significantly less initial stroke elongation
and less gap formation than repairs without augmentation
and that augmented repairs would gap less than 5 mm over
the cyclic loading protocol.

Materials and methods

Experimental design

The study used 9 matched pairs of human cadaveric shoulders
(Anatomy Gifts Registry, Glen Burnie, MD, USA, and ScienceCare,

Aurora, CO, USA) with a mean age of 55 ± 9 years (range, 35-70
years). We excluded shoulders from donors aged younger than 35
or older than 70 years or with a history of shoulder surgery, dia-
betes, metastatic bone disease, or any cancer requiring radiation.

In each shoulder, the supraspinatus was sharply released from
the proximal humerus and primarily repaired back to its insertion
with anchors. One repair from each pair of shoulders was assigned
for augmentation with a reinforced fascia strip. All repairs under-
went cyclic mechanical loading according to the protocol described
below.

Reinforced fascia strip

We prepared 15 reinforced fascia strips by stitching lyophilized, acel-
lular, human fascia lata (Musculoskeletal Transplant Foundation,
Edison, NJ, USA) with size 0 ForceFiber (Teleflex Medical, Re-
search Triangle Park, NC, USA). A single reinforcing line was stitched
in the longitudinal orientation of the deep fibers using a commer-
cial sewing machine (Alphasew, Mini-Walker Zig Zag, Model: PW
400-ZZ, USA). Individual strips were 5 mm × 60 mm with a 5-cm
tail of 2 fibers extending from each end (Fig. 1). Six strips were used
for isolated load-to-failure mechanical testing, and the remaining
9 strips were used for rotator cuff repair augmentation on the ca-
daveric model.

Nonaugmented repair

The methods for creating and repairing the rotator cuff tendon tear
of each cadaveric shoulder were as follows.27 Each shoulder was
dissected so that only the humerus remained with supraspinatus,
infraspinatus, and subscapularis intact. The leading edge of the
infraspinatus was followed laterally to the footprint with sharp
dissection. The rotator cuff tendon anterior to the leading edge of
the infraspinatus and posterior to the bicipital groove was defined
as the supraspinatus and released from its humeral insertion. Two
5.0-mm FASTIN anchors, each loaded with a single strand of No.
2 ORTHOCORD suture (DePuy/Mitek Inc., Warsaw, IN, USA),
were inserted at the medial edge of the supraspinatus footprint and
spaced evenly to divide the anterior-posterior length of the foot-
print into thirds. The sutures from each anchor were passed through
the supraspinatus tendon at the medial edge of the released portion
of the tendon, creating 2 equally spaced horizontal mattress sutures.
Both intervals between the supraspinatus and its adjacent tendons
were closed using 2 simple sutures—1 at the medial border of
the footprint and another spaced 1 cm medial from the first
(Fig. 1, A).

Markers for measuring tendon-to-bone distance

One optical marker was affixed to the bone at the primary repair
site in the plane of the tendon surface. Another optical marker was
placed on the supraspinatus immediately medial to the primary repair
sutures.

Strip graft application

For the shoulders augmented with a reinforced fascia strip graft,
the primary repair was first performed in an identical fashion to its
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