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Purpose of the Review Rotator cuff repair has excellent outcomes for many patients but continues to be suboptimal for large,
retracted tears, and revision procedures. In these situations, patch augmentation may be considered in order to improve healing.
The purpose of this article is to review the history, graft options, indications, surgical technique, outcomes, and complications
associated with arthroscopic patch augmentation for rotator cuff repair.

Recent Findings Patch augmentation has been shown in several studies to improve healing rates. After multiple investigations
into different materials available for patch augmentation, acellular dermal allograft seems to be the graft with the best scientific
support. While multiple techniques have been presented, few studies have compared their performance.

Summary While the arthroscopic technique for patch augmentation can be challenging, we present a systematic approach to this
procedure with the potential to reliably and predictably perform patch augmentation. This technique is a valuable tool for

surgeons that treat rotator cuff pathology.

Keywords Rotator cuffrepair - Patch augmentation - Dermal allograft - Surgical technique - Biologic augmentation

Introduction

The structural outcomes following rotator cuff repair continue
to be suboptimal, with high re-tear rates reported in many
series [1-3]. The natural history of rotator cuff tears is not
necessarily benign, with progression in tear size, muscular
atrophy, and eventually the development of the characteristic
articular degenerative changes of rotator cuff tear arthropathy
[1,3,6]. Consequently, the primary goal of rotator cuff repair
should be a healed tendon-bone interface. Several studies have
shown that if a rotator cuff repair heals, good outcomes are
usually maintained in the long-term [1, 4, 7]. Thus, there has
been substantial research focus and commercial investment
directed to increase the likelihood of tendon healing, with
much of the focus being upon the number and arrangement
of anchors and other factors to improve the mechanical
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properties of the repair [2, 5, 8]. However, despite decades
of research and investment in repair techniques, little to no
progress seem to have been made in reducing re-tear rates
after rotator cuff repair [4, 10, 11e]. There is thus a somewhat
urgent need for innovative treatment alternatives that will al-
low surgeons to improve healing rates after rotator cuff repair,
and they likely involve biologic augmentation (Table 1).

Patch Augmentation Types

Patch augmentation of rotator cuff repair may potentially fill
the gap described above. After early results were reported in
the 2000s [4, 7, 11e¢], there has been accelerating interest in
techniques to improve rotator cuff repair using patch augmen-
tation. Patch augmentation may be performed in a number of
forms. First, in a tear that cannot be advanced to the tuberosity,
the patch can bridge the gap between the tendon and the tu-
berosity. This technique is typically referred to as a patch
interposition technique [6, 13, 16]. Second, in a tear that can
be advanced only to the medial aspect of the tuberosity, the
patch can be placed on the bursal side of the tendon and
tuberosity to both reinforce the repair and resurface the uncov-
ered tendon footprint [4, 8, 12]. Third, in a tear that can be
fully advanced to the native footprint, the patch can be inter-
posed between the tendon and the bone in an attempt to
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Table 1 Pearls and Pitfalls to all-

arthroscopy patch augmentation Pearls

Pitfalls

in rotator cuff repair

Perform extensive intraarticular and subacromial

releases prior to repair

Pass all anchor stitches first; Then pass medial
independent stitches in the rotator cuff using a
retrograde suture shuttle to avoid tangling sutures

from the anchors

When retrieving limbs out the lateral portal to pass
through the graft, work either anterior to posterior or

Leaving residual subacromial bursa limiting vision

Tangling sutures during passage; Confirm that
tangling has not occurred prior to tying by passing
a suture retriever over each limb passed through
the graft to confirm a lack of tangles

Utilize a 3.0-mm or thicker graft as a thinner graft
tends to tear with suture tying

posterior to anterior making keeping all passed limbs
in the anterior or posterior aspect of the cannula

respectively to avoid tangling

Push and pull the graft into the subacromial space using
a rotator cuff grasper to push the graft as a taco and
the limbs of the mulberry knot stitches to pull the

graft

Make sure the lateral cannula is at least 10 mm in

diameter

Tie the medial graft stitches first, then the anchor
horizontal mattress stitches and then perform the
bridging to the lateral anchors in that order

improve restoration of the native enthesis [4,8,14¢¢]. No pub-
lished clinical outcomes exist for this third method, and thus, it
will not be further discussed in this manuscript. Fourth, the
patch can be placed between the tuberosity and the glenoid
without connection to the rotator cuff [6,18,21]. This tech-
nique, referred to as “superior capsular reconstruction” is ad-
dressed elsewhere within this topical collection and will not be
discussed in this manuscript either.

Patch Types

A variety of materials have been reported for rotator cuff patch
augmentation. These materials can be divided into xenograft,
synthetic, and allograft materials.

Xenograft

Several early studies used xenograft small intestine sub-
mucosa (SIS) patches [4,9,15]. Published results using
these patches have been disappointing overall. Sclamberg
et al. reported a 91% failure rate [3,15,26]. In a random-
ized clinical trial, Iannotti et al. reported better outcomes
in the group of patients treated without the SIS patch, and
a 20% sterile inflammatory reaction rate in the group of
patients receiving the patch [11ee]. In another study, the
SIS patch was associated with a 40% rate of open debride-
ment for sterile inflammatory reactions [8,23,28]. As a
result, xenograft SIS patches have been largely abandoned
for use in rotator cuff augmentation.

@ Springer

The results of xenograft dermal grafts have been more en-
couraging but remain somewhat mixed [4,10,19]. Gupta and
colleagues reported on 27 shoulders that underwent open
patch interposition of an irreparable rotator cuff tear using a
porcine xenograft dermal graft (Conexa, Tornier, Warsaw, IN)
and showed significant improvements in elevation, strength,
and patient-reported outcome scores, with a 73% rate of a
structurally completely intact reconstruction at 2 years postop-
eratively [12]. In another prospective multicenter study using
the same graft for repair augmentations, 50 patients followed
for a minimum of 2 years of experience, significant improve-
ments in range of motion, strength, and functional outcomes
scores, with a retear of 34% [16]. A subsequent prospective
study using the patch as an interposition demonstrated again
similar findings: 92% of the grafts were intact by ultrasound, 61
shoulders followed for a minimum of 2 years [24]. In a
nonrandomized comparative study using the same patch,
Maillot et al. compared arthroscopic debridement, rotator cuff
repair, and rotator cuff repair with patch augmentation and
found no difference in outcomes, but a higher complication rate
in the patch group; these authors thus recommended against
patch augmentation [18]. Interestingly, the patch reported in
this studies is no longer available on the market.

Ciampi et al. reported on 49 patients that underwent open
rotator cuff repair with augmentation using a bovine pericar-
dial xenograft (Tutopatch, Tutogen Medical, Neunkirchen am
Brand, Germany) and reported a 51% retear rate, which was
higher than the 41% within their control group of repairs with-
out augmentation. These authors suggested that biologic ab-
sorbable patches do not provide much value [4,11°,20].
There are two reports on a cross-linked porcine dermal
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xenograft (Zimmer Collagen Repair, Warsaw, IN). The results
are very different, with one report demonstrating 80% graft
integrity [2] and the other demonstrating 0% graft integrity
[3,20,32]. This graft is no longer on the market. Consigliere
et al. reported on 10 patients who underwent arthroscopic
rotator cuff repair with a porcine dermal xenograft (DX rein-
forcement Matrix, Arthrex, Naples, FL) and reported signifi-
cant improvements in Constant score, Oxford score, and pain
scores; however, this study did not provide any follow-
up imaging, and the minimum follow was only 3 months
[4,12,21]. A comparative matched-pair study of 40 pa-
tients using the same patch demonstrated no difference
in outcomes or structural continuity of the rotator cuff
between the patch and control groups [11ee]. Overall,
the results summarized above suggest that dermal xeno-
grafts do not appear to suffer the same issues with ster-
ile inflammatory responses as a graft. However, all of
the comparative studies suggest that they do not provide
much value either.

Synthetic

A variety of synthetic materials have been used to augment
rotator cuff repair. In other areas of soft-tissue repair surgery,
such as in hernia repair [3,21,33] and knee extensor tendon
repair [5,13,22], synthetic mesh has demonstrated utility. In
the field of rotator cuff augmentation, reports are more limited
and largely from outside of the USA. Audenaert et al. reported
on 41 patients followed for a minimum of 2 years after open
interposition with an 8-layer Mersilene mesh (Ethicon,
Somerville, NJ) and demonstrated significant improvements
in Constant and pain scores [2]. However, a recent report of 13
patients with a minimum of 17-year follow-up after open in-
terposition with a Dacron patch (DuPont, Wimington, DE)
demonstrated that 70% of patches had retorn and that there
were no differences in radiographic evidence of rotator cuff
tear arthropathy between the patch side and contralateral side,
suggesting that patch interposition with a synthetic device
may not alter the natural history of rotator cuff disease [31].
In another long-term follow-up study, Shepherd et al. follow-
ed five patients for a mean of 9.7 years after interposition with
a polytetrafluoroethylene patch (Gore, Newark, DE) and
found that in 80% of patients, the repair was intact and that
external rotation and abduction motion were improved from
preoperatively [4,22,35¢¢]. In a more recent and larger study
using the same patch, Seker et al. described minimum 2-year
outcomes in 58 patients and found significant improvements
in strength and range of motion, with 91% of patches intact on
ultrasound [4,22,36]. Ciampi et al. reported upon 52 patients
with a minimum of 1-year follow-up that underwent open
rotator cuff repair augmented with a polypropylene patch
(Repol Angimesh, Angiologica, Pavia, Italy) and showed sig-
nificantly improved healing rates (17% vs. 41%), functional

outcomes, strength, and elevation as compared to a repair-
alone control group [7]. While these international results are
promising, no published clinical outcomes are available in the
USA, despite several synthetic patches being available on the
market, including a polyurethane urea patch (SportMesh,
Biomet, Warsaw, IN) and a poly-L-lactide patch (X-Repair,
Synthasome, San Diego, CA).

Allograft

Within the USA, most recent publications have reported on
the use of acellular dermal allograft [5,13,25¢¢]. Dermal allo-
graft is more readily available than allograft rotator cuff, and it
is thus more commonly utilized. In a prospective comparative
study of 35 patients followed for a mean of 2 years, Gilot et al.
demonstrated a higher retear rate in the control group com-
pared with the patch group (27% vs. 10%) [5,13,26]. In a
prospective randomized clinical trial of 42 patients followed
for a mean of 24 months, Barber et al. demonstrated a higher
retear rate in the control group compared with the patch group
as well (60% vs. 15%) [6,14¢+,27]. These studies, and others,
have lead a recently conducted metaanalysis to conclude that
patch augmentation with allograft improves tendon
healing and clinical outcomes compared with repair
without graft-provided xenografts are excluded from
the analysis [5,27,38].

Autograft

In countries where allograft is culturally unacceptable, auto-
graft is considered as an option, although limited donor sites
are available. The tendon of the long head of the biceps is
perhaps the most frequently utilized autograft for cuff aug-
mentation, but given the structural and geometric differences
between this graft and the others discussed within the review,
we will not discuss it further in this review. Scheibel et al.
described 20 patients with a mean follow-up of 14 months
treated with rotator cuff repair augmentation using humeral
periosteum and found significant improvements in Constant
scores, simple shoulder test scores, but a 20% retear rate and a
20% rate of heterotopic ossification [5,27,39]. Fascia
lata autograft has been used for superior capsular recon-
struction [9,32,34] and also as a graft for rotator cuff
augmentation [12,37,41]. Mori et al. described 24 pa-
tients who underwent patch interposition of an irrepara-
ble rotator cuff tear with fascia lata autograft and de-
scribed significantly better outcomes when compared
with a partial repair control group as measured with
ASES scores, Constant scores, strength, and retear rates
(8% vs. 42%) [9,32,35¢++]. Overall, these studies suggest
a potentially promising role for autograft. Based upon
these results, a recently conducted systematic review
also concluded that patch interposition improves

@ Springer



564

Curr Rev Musculoskelet Med (2020) 13:561-571

functional outcomes as compared with partial repair, al-
though only two comparative studies were included
[24].

Surgical Technique

Patch augmentation can be technically challenging and re-
quires the surgeon to be patient and organized. While a variety
of surgical techniques have been presented for arthroscopic
patch augmentation for rotator cuff repair [8,16,29], the senior
author has developed the following technique for patch aug-
mentation. The procedure described is specifically used to
augment posterosuperior rotator cuff tears that are completely
reparable. This technique is not recommended to address ei-
ther completely irreparable or partially reparable tears.

Surgical repair is performed in a beach chair position.
Equipment required for the procedure include a standard 30°
arthroscope, multiple 7-mm cannulas, one 10-mm cannula,
and anterograde and retrograde suture passing devices.
Sutures anchors utilized include standard triple loaded 5.5-
mm screw-in suture anchors and 5.5-mm knotless suture an-
chors. The graft used is a 3.0-mm thick acellular dermal ma-
trix allograft. Finally, multiple strands of number 2 high ten-
sile strength suture are used.

The procedure starts with an intraarticular evaluation
and management of any subscapularis pathology or biceps
lesions encountered. Once the intraarticular work has been
completed, the scope is redirected subacromially.
Working portals are established 3 to 4 cm off the antero-
lateral and posterolateral corners of the acromion along
with a lateral portal halfway between these other portals.
Seven-millimeter cannulas are placed in the anterolateral
and posterolateral portals, and a 10-mm cannula is placed
in the lateral portal. A complete subacromial bursectomy
is performed included removal of bursal tissue and

Fig. 1 View of massive rotator cuff tear from posterolateral portal
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adhesions in the anterior, posterior, and lateral gutters.
Mobilization of the rotator cuff with releases between
the rotator cuff and labrum as well as release around the
base of the scapular spine, and the coracoid are often
required. Typically an intraarticular release of the rotator
cuff interval as well as subacromial release of the
coracohumeral ligament with preservation of the lateral
margin of the rotator cuff interval is preferred (Fig. 1).

Once the rotator cuff has been mobilized and it has
been determined that a complete repair is possible, the
repair with augmentation is initiated. Because these are
typically large retracted tears (and oftentimes revision
procedures), a medialized single row repair is most
commonly performed. A row of triple loaded 5.5-mm
anchors is placed along the medial aspect of the greater
tuberosity (Fig. 2). Usually three anchors are required.
The most anterior two sutures from the anterior anchor
and most posterior two sutures from the posterior an-
chor are placed in a simple fashion. The last suture
from the anterior anchor is placed posterior to the pre-
viously passed sutures from this anchor in a mattress
fashion. The last suture from the posterior anchor is
placed anterior to the previously passed sutures from
this anchor in a mattress fashion. The three sutures from
the middle anchor are placed in a simple fashion be-
tween the anterior and posterior mattress stitches.
Finally, three number 2 high strength sutures are placed
medial to the previously passed anchor stitches in a
mattress fashion through rotator cuff tissue usually at
the muscle-tendon junction—one anterior, one middle,
and one posterior—with the anterior and posterior
stitches placed at the most anterior and posterior aspects
of the tear (Figs. 3 and 4).

The simple sutures from the anchors are then tied
completing the rotator cuff repair (Fig. 4). This leaves

Fig. 2 Three triple loaded anchors placed at the medial aspect of the
anatomic neck of the greater tuberosity
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Fig. 3 View of stitches passed from anchors (2 simple stitches and 1
mattress stitch from the anterior and posterior anchors and 3 simple
stitches from the middle anchor)

the mattress stitches from the anterior and posterior an-
chors as well as the medially placed horizontal sutures
untied. An arthroscopic measuring device is then used to
measure the graft size. The anterior to posterior dimen-
sion is measured from the most anterior mattress suture
not coming from the anchor to the most posterior mat-
tress suture not coming from an anchor. The medial lat-
eral dimension of the graft is measured from the middle
mattress suture not coming from an anchor to the lateral
aspect of the greater tuberosity. The acellular dermal ma-
trix graft is then cut to these dimensions.

Three new separate number 2 high strength sutures
are then placed in the lateral aspect of the graft. One
stitch is placed in the anterolateral corner in a simple

Fig. 4 View from the lateral portal after the simple stitches from the
anchors are tied leaving the mattress stitches from the anterior and
posterior anchors untied. The trailing stitch in the image is one limb
from the independent stitches passed through the rotator cuff medial to
the anchor stitches

fashion and another is placed in the posterolateral cor-
ner in a simple fashion. Between these two sutures, an
inverted mattress suture is placed along the lateral mar-
gin with the tails exiting the superior surface of the
graft. At this point, the tails of the sutures passed
through the rotator cuff but not tied will be exteriorized
through the lateral 10-mm portal for passage through
the graft. The scope should be placed in the posterolat-
eral portal during this portion of the surgery.

A suture retriever is placed through the lateral portal
and one limb of the most posterior medial mattress su-
ture that is not from the anchor is retrieved and passed
through the most posterior medial aspect of the graft
with the tail of the suture passed to the superior surface
of the graft. A mulberry knot is then created using this
tail and the other tail of this suture is pulled, securing
the knot to the superior aspect of the graft. Next the
most posterior tail of the posterior mattress suture from
the posterior anchor is placed in the graft halfway be-
tween the medial and lateral edge of the graft and ap-
proximately 5 mm from the posterior edge of the graft.
Next, the more anterior tail of this posterior anchor
mattress is retrieved and passed about 5- to 10-mm an-
terior to the previously passed tail in the graft. Next,
one tail of the middle mattress suture is retrieved and
passed through the middle of the medial aspect of the
graft with the tail of the suture passed to the superior
surface of the graft. A mulberry knot is then created
using this tail, and the other tail of this suture is pulled
securing the knot to the superior aspect of the graft.
Next, the most posterior tail of the anterior mattress
suture coming from the anterior anchor is passed in
the graft halfway between the medial and lateral edge
of the graft approximately 15 mm from the anterior
edge of the graft. Next, the most anterior tail of the
anterior mattress from the anterior anchor is passed
about 5-10-mm anterior to the last tail of this same
suture. Finally, one tail of the anterior most mattress
suture not coming from an anchor is passed into the
anterior medial corner of the graft with the tail of the
suture passed to the superior surface of the graft. A
mulberry knot is then created using this tail, and the
other tail of this suture is pulled securing the knot to
the superior aspect of the graft. At this point, one tail of
the posterior mattress not from an anchor should be
coming out the posterior portal and one tail of the an-
terior mattress not from an anchor should be coming out
a standard anterior portal. A Nevaiser portal can be
created and the remaining limb of the medial mattress
suture not coming from an anchor should be pulled out
this portal with a retriever. Care must be taken during
this process to not cross sutures while retrieving or
passing sutures through the graft (Fig. 5).
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Torn rotator
cuff tendon

]

Triple loaded
suture anchors

Fig. 5 Diagram showing the placement of stitches from the anchors in the rotator cuff along with medial independent stitches in the rotator cuff.

All slack is then taken out of the sutures. The graft is
then folded like a taco with the anterior and posterior
edges folded up. A rotator cuff grasper is then used the
grasp the folded edges and push the graft through the
lateral cannula. At the same time, the three tails of the
medial mattress sutures coming out the anterior and
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posterior and Nevaiser portals should be pulled, so there
is a combined push—pull during the delivery of the
graft. Once in the subacromial space, slack should be
taken out of the sutures. The lateral portal should be
cleared of sutures by docking the tails from the anterior
mattress from the anchor, the tails from the anterolateral
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\

3.0 mm thick
acellular dermal
matrix graft

Fig.6 Diagram showing the simple stitches from the anchors tied and the
remaining limbs from the mattress anchor stitches as well as one limb of
the medial independent stitches in the rotator cuff passed through the

suture through the anterolateral corner of the graft, and
the anterior limb of the middle lateral inverted mattress

graft. Finally, three independent stitches are also passed through the
lateral margin of the graft.

in the anterolateral cannula. The remaining limbs should
be similarly docked in the posterolateral cannula. With
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Fig. 7 Lateral view after the graft has been passed in the subacromial
space, the medial graft stitches have been tied and cut, the anchor mattress
stitches have been tied and their tails have been brought over to 2 lateral
row knotless anchors along with three independent stitches passed
through the lateral margin of the graft

the lateral cannula now cleared, the posterior mulberry
knot is retrieved, cutoff, and the corresponding suture
tail retrieved and tied securing the posteromedial corner.
The same steps are performed for the middle and ante-
rior mulberry knots. The tails of these are cut.

Next, the posterior mattress limbs from the posterior
anchor are retrieved and tied and the knot cut. The
anterior mattress limbs from the anterior anchor are
managed similarly. The arm is then brought into slight
forward flexion and abduction, exposing the lateral gut-
ter. The scope is placed back into the posterior portal.
One of the limbs from the anterior tied mattress from
the anterior anchor and one of the limbs from the pos-
terior tied mattress from the posterior anchor plus the
two limbs of the simple suture through the anterolateral
corner of the graft and the anterior limb of the middle
lateral inverted mattress suture and are placed into a
5.5-mm knotless suture anchor. The anchor is then
placed about 5-10 mm lateral to the edge of the greater
tuberosity just posterior to the biceps groove as the
anterior anchor of the suture bridge construct. Finally,
the remaining anterior and posterior limbs from the tied
mattress sutures from the anchors as well as the simple
suture tails from the suture in the posterolateral corner
and the remaining tail of the middle lateral inverted
mattress suture are retrieved out the lateral portal and
placed into the final 5.5-mm knotless suture anchor.
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This anchor is placed about 5-10 mm lateral to the
edge of the greater tuberosity at the posterior margin
of the tear (Figs. 6, 7 and 8).

Postoperative Rehabilitation

After this procedure, patients are in an abduction sling for
6 weeks. Passive supine forward elevation is started at 2 weeks
and allowed to 90° along with pendulums and active assisted
external rotation at the side. At 6 weeks postoperative, the
sling is discontinued and the patients can start lifting up to
5 1bs. Passive and active motion is allowed in all directions
except for internal rotation with extension. At 12 weeks, mo-
tion is allowed in all planes and isometric and resistive
strengthening of the rotator cuff, deltoid, and scapular stabi-
lizers is initiated; at that point, patients are allowed to lift up to
20 Ibs. At 18 weeks, patients are allowed to lift up to 40 1b. and
return to most activities except contact or collision sports and
heavy lifting manual labor. At 6 months postoperative, pa-
tients are allowed to return to work as tolerated.

Future Directions

Certainly, further research is necessary to better define the
indications for patch augmentation and interposition. Given
the high healing rates of small- and medium-sized tears the
cost of patch augmentation is difficult to justify in these set-
tings [8,17,30]. However, other questions remain: Are these
patches better for younger or older patients? What is the role
of patch interposition as compared to superior capsular recon-
struction? What is the role of partial repair and patch interpo-
sition as compared with tendon transfers? These questions will
require careful prospective comparative research. In addition,
future research will be necessary to compare synthetic patches
to acellular dermal allograft, as well as to determine whether
there may be newer xenografts that should be investigated
further.

Conclusions

The current research suggests that patch augmentation may
improve healing rates and outcomes when used to augment in
the repair of large and massive rotator cuff tears, and that patch
interposition may improve outcomes with irreparable rotator
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Knotless anchors

Fig. 8 Diagram of final construct with tied medial graft stitches, tied horizontal mattress anchor stitches through the tendon and graft and tails of the tied
stitches brought over to two knotless lateral row anchors along with the stitches from the lateral margin of the graft
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cuff tears as compared with partial repair. The shoulder surgeon
who evaluates patients with large rotator cuff tears should be
aware of the potential benefits of patch augmentation.
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