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Rotator cuff tears are among the most common causes of pain and disability in the upper
extremity. Despite signiﬁcant advances in repair techniques and instrumentation, retear rates
after surgery remain high. Numerous avenues of structural and biological augmentation have
been explored to increase healing potential and achieve successful outcomes particularly in
patients with massive cuff tears and those undergoing revision surgery. The purpose of this
article is to present and discuss various techniques currently published that are designed to
augment this process through variable methodologies. A common methodology is the use of
graft tissue to “load share” with the repair or facilitate placement of pluripotential stem cell or
growth factors at the site of needed healing or both. Although this ﬁeld remains in development, this article attempts to explain the concepts currently employed and summarize the
current Food and Drug Administration–approved options.
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Introduction

R

otator cuff tears are among the most common causes of
pain and disability in the upper extremity. A recent
analysis reported an increase in the number of rotator cuff
repairs performed annually with a 2010 estimate of
200,000 surgeries performed.1 Moreover, the costbeneﬁt analysis of rotator cuff surgery has been established
with a reported age-weighted mean total societal savings of
$13,771 with rotator cuff repair compared to nonoperative
treatment.2 It is clear that these injuries represent a
common problem for which repair has a clear patient
and societal beneﬁt despite, in many situations, the lack of
a reproducible treatment, particularly in the treatment of
large to massive cuff tears.
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Evermore emphasis in recent years has been placed on
optimizing the biological processes involved in healing. Biologics in orthopaedic surgery refers to harvested natural
products used to augment a surgical repair or reconstruction
to enhance or optimize healing potential. Basic science and
biomechanical research of the tendon-to-bone interface, enthesis, has shown that biomechanically inferior ﬁbrovascular tissue
forms at the repair site subsequently making repairs prone to
failure.3-7 This tissue is biomechanically weaker than the native
calciﬁed ﬁbrocartilage secondary to its more organized, linear
collagen alignment and its calciﬁed basement membranous
attachment, both are absent in a naïve repair (Fig. 1). In an
attempt to circumvent such obstacles to healing, numerous
autograft and allograft tendon sources have been described, and
different methods of biological augmentation have been
employed including various growth factor and cell- and
tissue-based products. Interestingly, within the ﬁeld of regenerative medicine, the concepts remain the same, namely that all
3 factors are ultimately needed—a scaffold on which to work,
cells that can be directed to differentiate to speciﬁc tissue types,
and exogenous or endogenous chemical modulators that can
initiate, enhance, and direct tissue development (Fig. 2). One
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Figure 1 Microscopic view of tendon enthesis.

can appreciate the complexity of this task and realize that
optimal results are multifactorial, which we are only beginning
to understand.
Despite evolving surgical techniques, a signiﬁcant percentage of rotator cuff tears fail to heal, and retear after surgery
remains a common complication. Several factors contribute
to repair failure including patient age, tear chronicity, tear size,

Extracellular
Matrices (ECM)

fatty inﬁltration, and muscle atrophy. Therefore, evolving
augmentation products are of particular interest in the setting
of revision rotator cuff surgery where standard repair measures
have failed and risks of poor outcome and retear are increased.
Likewise, massive cuff tears represent a particularly difﬁcult
subset of patients with reported retear rates as high as 96%.8-10
These situations necessitate increased measures to facilitate
enhanced healing potential. The purpose of this review is to
provide an overview of autograft, xenograft, and allograft
tendon augmentation options; summarize the regulation of
biologics; and examine the current body of literature regarding
biologics in rotator cuff repair surgery to effectively help
surgeons direct optimal healing and achieve successful results
in their patients.

Cells (MSCs)

Regulation of Biologics

Growth Factors

Figure 2 Regenerative medicine building blocks.

The use of biologics in the United States is regulated by a
branch of the US Food and Drug Administration (FDA) known
as the Center for Biologics Evaluation and Research.11 Some of
the biologics used in rotator cuff repair are under the purview
of the FDA. These include allografts, which are regulated under
Title 21, Part 1270, of the Code of Federal Regulations (CFR).
These regulations require that the FDA’s good tissue practices
be followed. The term “HCT/Ps” is used to describe human
cells, tissues, and cellular- and tissue-based products. Most of
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the conversation regarding HCT/Ps centers on Title 21, Part
1271, of the CFR, commonly referred to as the 21 CFR 1271.
The 21 CFR 1271 outlines a tiered approach based on patient
risk to the regulation of HCT/Ps. In its simplest form, this
regulation delineates 2 categories in which HCT/Ps can be
categorized: lower risk and higher risk. It is important to note
that some HCT/Ps are excluded from regulation.
Lower-risk products are (1) less than minimally manipulated, (2) advertised for homologous use only, (3) not intended
to be combined with another product with the exception of
simple electrolyte and preservation solutions, and (4) either
autologous or have a nonsystemic effect. These are regulated
under section 361 and do not require premarket approval,
although they do require that the products be manufactured
under the aforementioned good tissue practices to prevent the
introduction, transmission, or spread of communicable diseases. Higher risk products, which do not meet all the 4
aforementioned criteria, are regulated under section 351 and
require animal and clinical data through the FDA’s traditional
premarket approval pathway. These include products that are
manufactured under good tissue practices with additional
manufacturing requirements determined by the FDA on a
case-by-case basis during a preclinical developmental process
that determines safety and efﬁcacy by means of animal and
human clinical studies. Examples of higher risk products
include implantation of harvested bone marrow that has been
expanded in culture and subcutaneous injection of adiposederived stem cells. Finally, excluded products include cellular
products omitted from regulation under the 21 CFR 1271
such as minimally manipulated bone marrow aspirate (BMA),
blood products like platelet-rich plasma (PRP), minimally
manipulated bone marrow, and xenografts.

Techniques in Augmentation
Tendon Augmentation
Allograft
Several studies have reported the use of cadaveric tendon
allografts for chronic massive rotator cuff tears using freezedried rotator cuff allografts, patellar tendon, Achilles tendon,
and quadriceps tendon allografts.12-14 Overall, the data are
quite limited. Unfortunately, there is a reported 100% rate of
complete failure at the allograft-greater tuberosity interface on
postoperative magnetic resonance (MR) arthrogram.12 Moreover, Moore et al12 reported patient outcomes in their level IV
case series using allograft tendon that were not signiﬁcantly
better than those reported for subacromial decompression,
acromioplasty, and rotator cuff debridement alone in the
treatment of massive tears. The high rate of retear, risk of
infection or graft rejection, low-level evidence, limited data,
and mediocre results compared with cheaper alternatives at
short-term follow-up have prevented cadaveric tendon allografts from becoming a popular repair option.
Autograft
Tendon autograft has also been used in rotator cuff repair
including use of rotational ﬂaps, autologous periosteum, and
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various autogenous tendon, ligament, and fascial sources.15-22
Fascia lata graft from the lateral thigh has been used to bridge
the torn tendon stump to the footprint; however, donor site
morbidity was a noted complication.15 Free graft of the
coracoacromial ligament has also been reported to show
excellent results in postoperative forward ﬂexion, abduction,
and Constant score, with the authors’ noted advantages being
use of the patient’s own tissue, no need for additional incisions
when using the mini-open approach, and overall technical
ease.15 Likewise, autologous periosteal ﬂap has also been
reported showing good to excellent clinical results.18
Another autograft option reported in repair of massive cuff
tears is the long head of the biceps (LHB).19-22 Neviaser 20 was
the ﬁrst to report the use of LHB autograft for repair of rotator
cuff defect. Other studies have since described different
methods of using LHB autograft.19,21,22 Most recently, Sano
et al17 reported signiﬁcant improvement in Japanese Orthopaedic Association score and active forward elevation as well as
tendon-to-bone repair continuity in 93% of shoulders on
follow-up MR imaging (MRI) in patients after LHB autograft
augmentation at the time of rotator cuff repair. Their technique
involved harvesting the intra-articular portion of the LHB
tendon after tenodesis of the remaining tendon at the bicipital
groove. It should be noted, however, that this study had a small
patient sample size, lack of controls, and short-term follow-up
(average 28 months).
Of all the autograft tendon sources described for the
treatment of massive rotator cuff tears, latissimus dorsi tendon
transfers are most notable and supported in the literature as a
viable surgical option. Gerber et al23 was the ﬁrst to describe
latissimus dorsi tendon transfers for treatment of massive and
irreparable rotator cuff tears, and numerous clinical studies
have since ensued. Moreover, 2 recent review articles discuss
the current body of literature in detail.24,25 The most common
indication is an irreparable posterior-superior rotator cuff tear
in a patient with chronic pain and limitation of shoulder
function including progressive imbalance of shoulder and
upper arm motion as well as loss of external rotation when
teres minor is involved. Systematic review of the literature by
Namdari et al25 suggests that poor functional outcomes are
more likely after revision surgical procedures in patients with
subscapularis insufﬁciency and in those with advanced teres
minor fatty muscle atrophy. The pooled data also suggest mean
worsening of the osteoarthritis grade and decreasing acromiohumeral distance as well as increasing superior migration of the
humeral head in 450% of shoulders after this transfer. When
managed nonoperatively, massive rotator cuff tears are also
reported to show signiﬁcant progression of degenerative
structural joint changes over an average of 4 years of followup.26 It is unclear, however, what the ultimate effect latissimus
dorsi tendon transfer has on the natural progression of
glenohumeral arthritis as no study has compared osteoarthritic
progression in patients with this transfer against the same
outcome measure in those managed with another operative or
nonoperative method.
Based on the current body of literature, latissimus dorsi
tendon transfer appears to be a viable option in a subset of
patients with irreparable rotator cuff tears and an intact
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subscapularis tendon with minimal to no fatty atrophy of teres
minor,23,27-29 providing signiﬁcant improvements in both
function and pain relief at both intermediate-term28,30,31 and
long-term follow-up.29 It should be noted, however, that
nearly all studies on this treatment modality are retrospective
case series with relatively short-term follow-up. There are no
prospective randomized controlled trials. Moreover, no study
to date has compared latissimus dorsi tendon transfer with
another treatment option for young, active patients with
irreparable posterior-superior rotator cuff tears, making it
indeterminate whether latissimus dorsi tendon transfer is a
preferable method of treatment. There is also no current
literature on autograft tendon augmentation, including latissimus dorsi transfer, combined with the use of biologics in
rotator cuff repair.

score.34 This prospective study, however, lacked both randomization and a control group. Authors of both studies recommended restoration of massive, irreparable rotator cuff tears
with a synthetic graft for pain relief and improved shoulder
function. Another prospective clinical study with low patient
numbers reported signiﬁcantly improved outcome scores and
range of motion at 1-year follow-up with a retear rate of only
10% on MRI and no adverse events associated with the
grafts.36 Moreover, in a retrospective review of patients with
massive posterosuperior cuff tears, patients who underwent
augmented repair using a synthetic polypropylene patch
reportedly showed signiﬁcantly reduced 12-month retear rate,
increased University of California Los Angeles (UCLA) scores,
abduction strength, and shoulder elevation in the scapular
plane at 3-year follow-up compared with both control group
patients who received rotator cuff repair alone and a treatment
group comprising patients who received augmented repair
with a bovine pericardium–derived patch.35 Current FDAapproved synthetic graft products are listed in Table 1.

Rotator Cuff Patch Augmentation
The goal of patch augmentation in repair of large to massive
rotator cuff tears is to provide both mechanical reinforcement
and biological properties at the tendon-bone interface. The
primary challenge presented with such grafts is incorporation
of the scaffold into the rotator cuff and ﬁrm bony attachment,
as well as attracting and supporting appropriate cells. Both
synthetic polymer and extracellular matrix grafts are available
on the market.

Synthetic Patch Augmentation
Synthetic polymer patches represent one spectrum of patch
augmentation for treatment of massive, irreparable rotator cuff
tears with FDA-approved products currently on the market. In
a well-designed animal study, Derwin et al (2009)32 reported
improved strength, stiffness, and ultimate load of repair, as well
as increased cross-sectional area and biocompatibility of
synthetic grafts in a canine model. Although limited clinical
research exists regarding synthetic grafts, there has been some
encouraging data. Russo et al33 presented a case report with 16
years of follow-up regarding a 56-year-old patient who underwent augmented rotator cuff repair with a Marlex (Teﬂon)
mesh synthetic graft for an irreparable massive cuff tear.
Clinical, radiographic, and MRI assessment at 16 years from
surgery revealed well-preserved shoulder function and range of
motion, Constant score of 76, no increase in humeral head
migration, limited signs of osteoarthritis, and intact augmented
repair. A prospective study of 41 patients with irreparable
rotator cuff tears treated with a synthetic graft and followed for
an average of 43 months reported substantial pain relief and
improved function in activities of daily living, as well as
statistically and clinically signiﬁcant increase in Constant

Extracellular Matrix Patch Augmentation
Xenograft
Tissue-engineered xenograft materials have become commercially available as augmentation alternatives to treat massive
rotator cuff tears. Collagen-based material made from small
intestine submucosa (SIS) has been one such graft option,
however, with reportedly suboptimal results.37-40 Iannotti
et al37 reported no improvement in the rate of tendon healing
or the clinical outcome scores in their randomized, controlled
trial albeit low patient numbers. Similarly, Walton et al40 also
reported inferior results with the same product (Fig. 3)
including less strength with lift-off, internal rotation, and
adduction; more impingement in external rotation; slower
rate of resolution of pain; greater difﬁculty with hand-behindthe-back activities; and less sports participation, which were all
reported as signiﬁcant. Moreover, this SIS augmentation did
not protect against retear, with a retear rate similar to the
control group. Another study reported 91% retear rate and
decreased average American Shoulder and Elbow Surgeons
(ASES) score at 6-10 months postoperatively in patients with
large to massive cuff tears augmented with SIS.39 The authors
of these studies recommended against the use of porcine SIS
xenograft for augmentation in rotator cuff surgery.
Early postoperative inﬂammatory reaction has been
reported with the use of porcine SIS in up to 21% of
patients.37,38,40 Walton et al40 and Malcarney et al38 reported
severe postoperative inﬂammatory reaction requiring surgical
debridement in 4 patients. Another study observed that
porcine submucosa xenograft material was not acellular on

Table 1 FDA-Approved Synthetic Products for Tendon Repair
Company

Product

Material

Biomet
Synthasome
Biomerix

SportsMesh
X-Repair
Biomerix RCR Patch

Poly(urethaneurea)
Poly-L-lactide
Polycarbonate poly(urethaneurea)

n/a, not available; RCR, rotator cuff repair.

Clinical Studies for RCR
n/a
n/a
Encalada-Diaz et al36
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(Flexigra®, Lifenet, USA),

(Flexigra®, Lifenet, USA),

(Securian®, Xylos, USA),

(Mucogra®, Geistlich, CH),

(Peripheral blood 10ml; glass tube;
centrifuge 3000 rpm/10 min.)

Figure 3 Table of a sample of currently available graft materials. (Color version of ﬁgure is available online.)

their histologic assessment as previously reported but rather
contained multiple layers of cells with porcine DNA,41 which
may be implicated in immunologic responses reported in
humans. Further literature suggests that a humeral (antibody)
immune response to the presence of the galactose-a (1,3)galactose (a-Gal) epitope, which is present in xenogeneic
tissues but not in humans or Old World monkeys, may be a
primary culprit in the reported reactions to porcine xenograft.42-44
Other xenograft products include porcine and bovine
dermal grafts and equine pericardium; however, a paucity of
clinical studies exists regarding use of these products in rotator
cuff repairs. A single clinical study reported positive results in
patients with porcine dermal xenograft augmentation in the
setting of large to massive cuff tears.45 In their prospective
study of only 10 patients, Bahde et al45 reported signiﬁcant
improvement in Constant scores, pain, abduction power, and
range of motion at an average of 4.5 years of follow-up with
only 2 retears noted on ultrasound and no complications
unlike the porcine SIS graft counterpart. Dermal-based xenografts are reported to be stronger than mucosal products and
are less likely to fail owing to suture pullout based on in vitro

mechanical testing.46 In addition to low patient numbers, this
study had no control group. Current FDA-approved xenograft
products are listed in Table 2.
Allograft
Allograft extracellular matrix (ECM) products developed from
harvesting human dermal tissue are also approved for use.
Overall results compared with other patch augmentation
products have been promising in patients with large to massive
cuff tears. Barber et al46 reported 2-7 times greater mean load to
failure of human dermis allograft patches compared with
bovine and porcine grafts, with porcine patches being the
weakest overall. A subsequent prospective randomized clinical
trial by the same group reported statistically signiﬁcant
improvement in ASES and Constant outcome scores in
patients with human dermal graft augmentation compared
with no augmentation in repair of large rotator cuff tears at
short-term follow-up47; however, clinical signiﬁcance is debatable based on the excellent outcome scores achieved in both
patient groups after surgery. Interestingly, MRI of patients in
both groups showed 85% of augmented cuffs to be intact at a
mean of 14.5 months compared with 40% in nongrafted

Table 2 FDA-Approved ECM Xenograft Products for Tendon Repair
Company

Product

ECM Type or Source

Clinical Studies for RCR

DePuy

Restore

Porcine SIS

Tissue Science Laboratories,
Zimmer
TEI Biosciences, Stryker
Arthrotek
Kensey Nash Corporation
Pegasus Biologics
Tornier

Collagen Repair
Patch
TissueMend
CuffPatch
Bio-Blanket
OrthoADAPT
Conexa

Porcine dermis

Barber et al,46 Malcarney et al,38 Iannotti et al,37
Walton et al,40 Sclamberg et al,39
Bahde et al,45 Barber et al,46

Bovine fetal dermis
Porcine SIS
Bovine dermis
Equine pericardium
Porcine dermis

Barber et al46
Barber et al46
n/a
n/a
n/a

n/a, not available; RCR, rotator cuff repair.
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Table 3 FDA-Approved ECM Allograft Products for Tendon Repair
Company

Product

ECM Type or Source

Clinical Studies for RCR

Musculoskeletal Tissue Foundation
Wright Medical

Allopatch
GraftJacket

Human dermis
Human dermis

Arthrex

ArthroFlex

Human dermis

Agrawal49
Barber et al,47 Barber et al,46
Wong et al,51 Bond et al48
n/a

n/a, not available.

repairs.47 Another study reported full graft incorporation on
MRI at 1 year in 81% of patients.48 Similarly, Agrawal49
reported intact rotator cuff repair in 85.7% of patients at an
average of 16.8 months. The same retrospective case series
reported signiﬁcantly improved Constant score, Pain score,
range of motion in scapular plane abduction, and postoperative strength compared with preoperative values at short-term
follow-up. Other studies have reported very similar and
signiﬁcant improvements in UCLA scores after rotator cuff
repair using human dermis patch.48,50,51 All clinical studies on
acellular human dermis allograft reported no adverse events or
inﬂammatory reactions to the graft.47-51 Based on the available
research, acellular human dermis allograft appears to be the
best option for patch augmentation in repair of large to massive
rotator cuff tears; however, no study to date has prospectively
compared human dermis allograft vs synthetic polymer grafts.
Table 3 lists the FDA-approved ECM allograft products for
tendon repair.

Growth Factor Addition
Research into growth factor inﬂuence on biological healing has
been suggested in the literature for more than 20 years. Despite
this, translating bench research into clinical applicability has
proven to be a challenge owing to multiple roadblocks
including regulatory and the substantial cost of clinical studies.
As a result, the inﬂuence of growth factors in fracture, cartilage,
and tendon healing discussed in the early 1990s are topics of
increased discussion within the current rejuvenated interest in
biologics. A landmark study by Joyce et al52 brought transforming growth factor-β (TGF-β) into the limelight as a
powerful growth factor in the induction of osteogenesis and
chondrogenesis. They reported that mesenchymal precursor
cells in rat femur periosteum are stimulated by TGF-β to
proliferate and differentiate in a manner similar to that which
occurs in embryologic bone formation and early fracture
healing. TGF-β has also been reported to promote supraspinatus tendon healing in a rat model.53,54 Other growth
factors have also been implemented in tendon-to-bone healing
response; however, the optimal milieu of these factors, ideal
growth factor concentrations, and appropriate dosing schedules have yet to be elucidated.
The most readily and clinically used potential source of
growth factor therapy currently is PRP, which is a blood serum
fraction containing concentrated platelets isolated through
centrifugation. When activated, platelets release various
growth factors including bone morphogenetic proteins, basic
ﬁbroblast growth factor (bFGF), platelet-derived growth factor,
vascular endothelial growth factor, insulinlike growth factor 1,

and TGF-β.55 By means of these bioactive properties, in vitro
data suggest that PRP attracts mesenchymal stem cells (MSCs),
macrophages, and ﬁbroblasts and stimulates cell proliferation
and ECM protein production.56,57 These growth factors have
also been reported to increase tenocyte proliferation and
collagen secretion in vitro, as well as increase the biomechanical strength and accelerate the tendon-to-bone healing in vivo.
Moreover, PRP is reported to improve tendon collagen
deposition and tendon vascularization.58-60
Nevertheless, the promising ﬁndings of PRP in the basic
science literature and animal studies have failed to translate
clinically regarding rotator cuff repair in humans. There are 7
randomized controlled trials and 3 nonrandomized comparative studies (levels I-III evidence)8,61-69 on the use of PRP in
rotator cuff repair surgery, and all but one of these studies
was assessed in 2 recent meta-analyses.55,70 Clinical heterogeneity did exist among these studies regarding the type of
repair (single row vs double row), tear sizes, number of
tendons involved, and PRP product used. In total, 4 different
PRP products were used among the studies discussed here
with differences in autologous blood volume drawn, centrifuge
rates, single- vs double-spin cycles, use of an activator, white
blood cell concentrations, and ﬁnal platelet and growth factor
concentrations. The numerous PRP devices available on the
market are listed in Table 4.
Regarding cuff tear recurrence, both meta-analyses found no
signiﬁcant differences in the overall pooled retear rates or
functional outcomes (Constant scores, ASES scale, UCLA scale,
and SST scale) among patients who were administered PRP
during arthroscopic rotator cuff repair vs those who did not
receive the intervention. There was, however, an overall
decreased rate of retears reported among patients treated with
PRP in the setting of small- and medium-sized rotator cuff tears
but no difference in retear rates of large- and massive-sized or
at-risk tears.55,71 Randelli et al67 reported improved pain scores
and increased strength after 3 months with the use of injectable
PRP in combination with an autologous thrombin component,
but they reported no difference after 6 months compared with
controls. Jo et al66 reported no clinical beneﬁt with use of
platelet-rich plasma gel; however, they did report improved
structural outcomes in the PRP group. Overall, the literature
shows little to no beneﬁt for the use of PRP as an adjunctive
measure in rotator cuff repair.

Mesenchymal Stem Cells
Application of BMA–derived MSCs at the time of rotator cuff
repair represents yet another augmentation technique with
more recent adjunctive use. Bone marrow is composed of a

C.G. Ziegler et al.

8
Table 4 Platelet-Rich Plasma Devices
Company
Arteriocyte Medical
Arthrex
Sequire PPAI Medical
EmCyte
Harvest
Biomet Biologics

Product
Mallegan
ACP and Angel

Genesis CS
SMartPrep2 BMAC
GPS II: Plasmax platelet
concentration system
Cytomedix
AutoloGel System
Stryker
Regenkit
Biotechnology Institute Endoret (prgf)
Musculoskeletal
Cascade
Transplant Foundation
CaridianBCT
COBE Spectra LRS Turbo
Vivostat

Vivostat PRF

Platelet Formulation
PRP injection
PRP injection

Platelet concentration system

Clinical Studies in RCR
n/a
n/a
n/a
n/a
n/a
Randelli et al67

PRP injection

n/a
n/a
PRP injection
n/a
PRP ﬁbrin matrix construct
Bergeson et al,63 Rodeo
et al,68 Castricini et al64
Plateletpheresis system with leukoreduction Jo et al66
set (platelet-rich plasma gel)
PRF
Antuña et al8

n/a, not available; PRF, platelet-rich ﬁbrin; RCR, rotator cuff repair.

mixture of platelets, erythrocytes, leukocytes, hematopoietic
precursors, and MSCs, which can be isolated through the
process of bone marrow aspiration and centrifugation. There
are different BMA concentration techniques and devices on the
market that derive platelets and MSCs from BMA, thereby
providing a unique and single source of potential growth factor
and cell-based therapy. This cellular reservoir is quite attractive
to use clinically as many reports have demonstrated mesenchymal cell populations from bone marrow or aspirations
taken from the shoulder, distal femur, proximal tibia, and iliac
crest.71-73
MSCs have been of particular interest in orthopaedics given
their relatively ease in access and their known pluripotential
ability to differentiate into a verity of downstream cells that
could be useful within healing or regenerative process:
osteocytes, chondrocytes, ﬁbroblasts, and myocytes. Once
differentiated, they have the ability to release trophic, paracrine,
and immune modulators to potentiate their own activity and
the tissue around them.74 Mazzocca et al75 reported that MSCs
treated with insulin showed increased gene expression of
tendon-speciﬁc markers, increased content of tendon-speciﬁc
proteins, and increased number of cell surface receptors.
Animal studies using MSCs have shown improved healing
in tendon and ligament models76; however, mixed results are
seen in animal rotator cuff models. Contrary to their hypotheses, Gulotta et al77 reported no improvement in ﬁbrocartilage
formation, collagen ﬁber organization at the insertion site, or
ultimate strength of the tendon repair with the use of bone
marrow–derived MSCs compared with controls in their rat
rotator cuff model despite evidence of metabolically active
MSCs. The application of a ﬁbrin sealant also had no healing
beneﬁt when compared with the untreated controls.
Although basic science and animal studies have shown
somewhat promising data regarding cellular repopulation with
MSCs, no clinical or preclinical studies exist regarding the use
of BMA in rotator cuff repair surgery. Currently all the
important “ingredients” are understood and can be produced,

but our current limitation is that the proper “mixture” has not
been formulated to work within the biological constraints of
the human shoulder.

Conclusion
Improving the success of rotator cuff repair remains an
ongoing endeavor. This review highlights the current augments available in rotator cuff surgery and discusses the
biologics applications pertinent to rotator cuff repair. There
are numerous autograft, allograft, and xenograft sources
available with variable success rates. Moreover, growth factor
and MSCs offer yet another avenue in the quest to optimize
healing of massive cuff tears and in revision rotator cuff
surgery, although the optimal milieu of these components
and the clinical data to back up their use remain elusive. Patient
factors certainly play a role, and it is clear that healing potential
is multifactorial and remains a challenge despite ongoing
research and product development. This article sought to
provide an overview of the current state of biologics in rotator
cuff repair surgery. Using the available armature, it is the goal
that the shoulder surgeon can use this information to direct
optimal management for his or her patient.
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