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Abstract
» The incidence of rotator cuff tears is on the rise; however, despite
advancements in surgical techniques to augment repairs, failure rates
continue to pose a challenge for orthopaedic surgeons.
» A poor biologic environment is believed to be partly responsible for
the inadequate tissue healing sometimes associated with rotator cuff
tear repairs, Consequently, to provide the missing biologic component(s)
required for adequate tendon repair, treatment strategies involving the
use of adjunctive biclogic therapies have been evaluated.
» Biologic rotator cuff repair therapies—such as platelet-rich plasma
(PRP), patches and scaffolds, mesenchymai stem cells (MSCs), and
cytokines—have been investigated in both animal models and human
clinical trials,
» Biologic augmentation carries tremendous potential for improving
rotator cuff healing, although the degree of short-term and long-term
healing reported in the literature has varied.

otator cuff repair has been Techniques for rotator cuff repair

extensively studied over the have evolved aver time. from open to

past several decades, with mini-open to arthroscopic modalitics,

carresponding enhancements  withexcellent results in rerms of pain relief
m surgical techniques, rehabilitation pro- and funcrional improvement' "%, Recent
tocals, and fixation methods. This proce- literature has demonstrated imprayed
dure is eypically suceessful for sysmprom structural properties associated with
relief, and > 150,000 rotator cuffrepairsare  double-row and transosscous-equivalent
performed annually in the Unired States’.  constructs leading ta improved foorprint
However, recurrent tears after repair occur covcrage”’w. However, even with these
fl‘cquent]y. Many FECUTITENT ECdrs are 4550~ advarlccmcn s, retears continue to PCTSiS[.
ciated with incomplete healing and gap particularly ac the musculotendinous
fermartion, resulting in a persistent ana- junction at the site of a double-row repair,
tomical defect’. Factors associated with the  where up 0 94% of retears occur’. The
failure of rotator cuff repair include the size poor tissue-healing rhat is largely associ-
of the initial tear, patienr age and smaking  ated with these retcars may be a conse-
stacus, and farty degeneration of the muscie quence of suture strengeh, chronicity of
fibers™®, Progression to a massive rear may  the tear, and poar vascularization® 23,
result in superior migration of the humeral Repeditive stressing ac submaximal loads
head. leading ta pain, inflammation, and results in fatigue, and subsequent tendon
severe functional limitations in the affecred  failure may be a result of exrrinsic facrors
shoulder”™. (e.g., impingement en local structures) or
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intrinsic factors within the tendon™.
When tensile loads exceed the tendon’s
healing response, tendon degeneration
progresses. The balance between tendon
repair and breakdown is fargely depen-
denton the rissue’s collagen content and
vascularity and the parient's generic
predisposition®® It is evidenr that
there is a considerable biclogic com-
ponent associated with the tendon-to-
bone healing site that may benefit from
augmentation.

Avariery of biclogic therapies have
been investigated ro augment rotaror
cutf repairs. This review will discuss the
iiterature regarding 4 different modali-
ties: (1) plazeler-rich plasma (PRP). (2)
patches and scaffolds, (3) mesenchymal
stem cells (MSCs), and (4) cytokines.

Platelet-Rich Plasma

PRP is an autologeus concentrate of
platelets that contains a variery of potent
growth facrors and cyrokines?®. This
artractive option to facilitare cell prolif-
eratien and rissue-healing has become
increasingly popular over the past
decade®” . PRY is prepared by cen-
trifugation of whole blood, often fal-
lowed by the addition of reagents 1o
activate growth factors®” ™, including
platele-detived growth facror-B
(PDGF-By, transforming growth factor-
B (TGF-B}, insulin-like growth factor-
1 (IGF-1}, and vascular endothelial
growth factor (VEGF*™*"* However,
there are a wide variety of techniques

for PRP preparation and administration,
and those methods have not been
standardized™.

PRP solutions have been divided
into 4 classifications based on the pres-
ence of leukacytes and/or the presence of
fibrin after acrivation: (1) purc PRP
(P-PRP) (no leukocytes present, low-
density fibrin archirecrure), (2) leuko-
cyte and PRP {L-PRD) (leukocytes
present, low-density fibrin archirec-
ture}, (3) pure plateler-rich fibrin
(P-PRE) {no leukocytes present, high-
density fibrin architecrure), and {4)
leukocyte and plareler-rich fibrin (1-
PRF) {leukocytes present, high-densicy
fibrin archicecture)*®*®. PRP can be
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administered to repaired tissues through
direct injection or viz a matrix scaffold .
Several studies have demoenstrated
favorable outcomes associated with
PRP, Jo et al.*®. in a randomized rrial of
74 patients with medium-to-large rora-
tor cuff tears (anteropaosterior size >10
to =50 mmj, found chat patients who
received PRP-augmented arthrescopic
repair {n = 37) had lower retear rates
{3.0% versus 20.0%: p = .032) and
significant augmentation of the cross-
sectional area of the supraspinarus (p =
0.014) compared with those who
underwent cenventional arthroscopic
repair (n = 37} (Table I}, Randelli
eral”” investigated the efficacy of PRP
for rotator cuff repairs in a study of 14
patients. At the 24-maonth follow-up, no
adverse events were nored, and patients
demonsirated significant improvement
in pain scores, Constant scares, and
University of California Los Angeles
(UCLA) activity scores™ compared with
preoperarive levels (p < 0.001 for alf)
(Table [1). Gumina et al.* evaluared 80
patients who had large (3 10 5-cm) full-
thickness rotator cuff tears that were
repaired with use of L-PRP {(n = 40} or
conventional methods {n = 40). At the
I-year follow-up. the study group had a
higher Constant score (77.9 versus 74.2;
P < 0.001) and significantly berrer
repair integrity (p = 0.04) compared
with the control group. Randelfi et 1.,
in a prospecrive, randomized controlled
trial, assessed 53 patients wich full-
thickness rotator cuff tears who under-
went arthroscopic rotator cuff repair
citherwith (n = 26) or without (n = 27)
intracperative application of PRP cam-
bined with an aurologous thrombin
component. The authors found thar the
PRP group demonstrated lower pain
scores than the control group 2t 3,7, 14,
and 30 days postoperarively {p < 0.05),
The PRP group also demonstrated
superier results in terms of the Simple
Shoulder Test score (8.9 versus 7.1),
UCLA scare (26.9 versus 24.2), Con-
stantscore (65 versus 57.8), and strength
inexternal rotation (3.0 versus 2.1 kg ar
3 mombhs postoperatively (p < 0.05 for

all). However, there were no between-

group differences ar 6, 12, and 24
months.

Nevertheless, the use of PRP in
rotator cuff repair remains controversial
as several ather studics have demon-
strated contrary clinical findings. Weber
ctal.* conducted a prospective, double-
blinded, randemized study ro assess
the use of platelet-rich fibrin marrix
{(PREM), which is similar wo P-PRE,
in rotaror cuff surgery. The aurhors
reported no significant diffcrences be-
rween the PRFM group (n = 30) and
the control group {n = 30) in terms of
narcortic use (39,8 versus 38.8 morphine
equivalents; p > 0.0%) or the American
Shoulder and Elbow Surgeons (ASES)
score (82,48 versus 82.92; p = 0,98). In
addition, the mecan UCLA shoulder
score was significantly lower in the
PREM group than in the control group
(27.9 versus 29.6; p = 0.046). Rodeo
ctal.*, in a study of 79 patients who
underwent rotator cuff tear repair with
PRFM at the tenden-bone interface
{n = 40) or standard repair with no
PRFM (n = 39), reported no differences
between the groupsintermsof the ASES
score {(mean, 91.3 versus 96.4; p = 0.54)
and L’Insalaca score®® {mean, 90.4 ver-
sus 94.1; p = 0.127) ar 12 months.
Furthermore, the PRFM group had a
significantly higher failure rate (p =
0.037) and PRFM was shown to be a
significanc predictor of tendon defects ar
12 weeks (odds ratio [OR], 5.81; 95%
confidence interval [CI], 1.12 10 30.45).
Castricini et al.*, ina randomized study
of 88 patients who underwent roraror
cuff repair with (n = 43) or withour
{(n = 45) PRFM augmentation, re-
ported no significant differences be-
tween the groups in rerms of the toral
Constant score (88 4 versus 88.4; p=
0.44) or tendon thickness on magnetic
resonance imaging (MRI) (p = 0.181)
at 16 months. Wangerai.“s, inastudy of
60 patients who underwent rotator cuff
repair with (n = 30) or without (n = 30)
PRI injections, reporred no significant
differences berween the groups in terms
of the Oxford Shoulder Score®™ {mean,
38.2 versus 40.3}, Short Form-12 (SF-
12) physical {41.8 versus 43.1) and
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Study

Level of
Evidence

Control Cohort
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“TABLE | Studies on PRP Use with Rotator Cuff Repair - .+ - +!

Intervention Cohort

Duration of
Follow-up

Results
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Jo et al?¢

(2015)

Randelli
etal’’
(2008)

Gumina
et al.*?
2012)

Randelli
etal®®
{2011)

Weber
et al*!
{2013)

Rodeo
etal®?
(2012}

Castricini
etal*
(2011}

Wang
etal®
{2015)

Malavalta
etal¥
(2014)

Conventicnal repair
for large rotator cuff
tear (n = 37)

None

Cenventional repair
for large fuil-thickness
posterosuperior cuff
tear (n = 40)

Conventional repair
for full-thickness
ratator cuff tear

(n =27

Conventional
arthroscopic rotator
cuff repair

{n =30

Standard rotator cuff
repair without PRFM
(n =39

Standard rotator cuff
repair without PRFM
(n =435

Arthroscopic double-
row supraspinatus
tendon repair {n = 30)

Single-row rotator
cuff repair without
PRP {n = 27)

Rotator cuff repair
augmented with
leukocyte-poor PRP
(n=37)

PRP for rotator cuff
repair (n = 14)

L-PRP repair for large
full-thickness
posterosuperior cuff
tear {n = 40)

PRP + autologous
thrombin with repair
of full-thickness
rotator cuff tear

{n = 26}

Conventional
arthroscopic rotator
cuff repair with PRFM
{n = 30)

Standard rotator cuff
repair with platelet-
rich fibrin matrix
{PRFM) (n = 40)

Standard rotator cuff
repair with PRFM,
(n=43)

Arthroscopic double-
row supraspinatus
tendon repair with
PRP (n = 30)

Single-row rotator
cuff repair with PRP
(n=27)

Minimum, 12 mo

Minimum, 24 me

Mean, 13 mo

Minimum, 24 mo

Minimum, 12 mo

Minimum, 12 mo

Minimum, 16 mo

Minimum, 16 wk

Minimum, 24 mo

No difference in Constant score at the
time of final follow-up; no difference
in pain scores; no difference in range
of mation; lower retear rate in PRP
group {3% vs. 20%; p = 0.032);
increase in cross-sectional area of
supraspinatus tendon (36.76 vs,
67.47 mm*; p = 0.014)

No adverse events; significant

decreasein VAS pain score (p < 0.001)
and increase in Constant (p < 0,001}
and UCLA activity scores {p < 0.001}

Higher Constant score in
intervention cohort at 12-ma foliow-
up (77.9vs, 74.2; p << 0.001) due tc
differences in shoulder pain
subscare; improved repair integrity
in intervention cohort {p = 0.04)

Reduced painintreatment group (p <
0.05); improvements in strength in
external rotation, Constant score,
Simple Shoulder Test, and UCLA score
at 3 moin treatment group (p < 0.05)

Neo significant difference in narcotic
use (p > 0.05) or ASES score (p >
0.98). The mean UCLA shoulder score
was significantly lower in the PRFM
group than control group (27.9
versus 29.6; p << 0.046).

No between-group differences in
healing berween 6 and 12 wk
postoperatively. No significant
differences in ASES and L'insalata
scores, tendon vascularity, tendon-
healing, manual muscle strength, or
clinical rating scales at 12 mo. PRFM
was shown to be a significant
predictor (p = 0.037) for a tendon
defectat12 wk{OR, 5.81:95%Cl,1.32
10 30.45)

No difference in total Constant score
{p = 0.44), no difference in tendon
thickness {p = 0.181}, and no
difference in MRI tendon score

{p = 0.07

PRP did not improve early functional
recovery, range of motion, or
strength, or influence pain scores.
There was no difference in structural
integrity at 16 wk postoperatively

No difference in Oxford Shoulder
scores, SF-12 physical and mental
component summary scores, range
of motian, or pain scores
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Patient-Reported Qutcome
Measurement

- TABLE 4§ . Minimum Clinically Important Diff
Patient-Reported Outcome Measurements®®

Biologre Therapies as Adjunctive Treatments in Rotater CuffRepair

nce' (MCID) of =

MCID (points)

Constant score
UCLA shoulder rating scale

Disabilities of the Arm, Shoulder and
Hand (DASH) scare

American Shoulder and Elbow
Surgeons (ASES) shaulder score

Penn shoulder score (PSS)

Simple Shoulder Test (S5T) score

104
Not established
10

12-17 for rotator cuff disease

11.4 for patients with shoulder
problems undergoing physical therapy;
21 for patients with impingement

2

mental (53.8 versus 55.2) component
summary scores, shoulder range of
maotion, or pain score {1.7 versus 1.4) ar
16 months (p > 0.05 for all}. Malavolta
eral. ina prospective, randomized
study of 54 patienrs who underwent
rotator cuff repair with {n = 27) or
without (n = 27} PRP that was prepared
by apheresis and applied in che liquid
state with thrombin, reported ne sig-
nificant differences berween the groups
in terms of the mean UCLA score (32.4
versus 32.7; p = 0.916), mean Constant
score (84.8 versus 85.1; p = 0.498), and
mean visual analog scale (VAS) pain
score (.96 versus 1.1; p = 0L418) ar
24 months. Moreover, no significant
difference was observed in terms of the
retear rate (with 2 rerears in the study
group and 5 retears in the conerol group;
p=0.42).

Because of the equivocal results
seen among several reporrs of PRI use in
rorator cuff repairs, the use of PRP
remains controversial, and it is difficulr
to provide a definice conclusion regard-
ing its safety and efficacy. Further com-
plicating the issue is the paucity of
studies that adequately classify and
compare the many different PR for-
mufations. Addressing this heterogenc-
ity with standardized reporting of PRP
formulations and direct com parisons of
specific PRI formulations will be
essential for evaluating the true efficacy
and petential of PRP as un adjunct in

rotator cufl repairs.

Patches and Scaffoids

The persistence of high retear rates of
rotator cuff repairs has prompred
rescarch into forms of mechanical aug-
mentation, such as patches and scaf-
falds. Several types of patches are
conmercially available, some of which
include supplementation with extracel-
lular matrix (ECM) macerial {allograft,
xenograft, or syncheric) and cellular
components (autogenous or allogeneic).
It has been postulated tha these mare-
rials more evenly share the load of
forces across the tendon-repair site,
thereby decreasing the likelihood of re-
tearing™, LECM-supplemented parches
are thought to contribure o healing
and remodeling through biologic
factors™™®! | whereas synthetic parches
without ECM provide mechanical sta-
bilization umtil the host tissue can heai
isel P2,

When animal-derived ECM
scaffolds are used, the in vivo host
response must be monitored. Xeno-
graft scaffelds have been shown 1o
elicit a rare, early postoperacive
inflammatory reaction, as demon-
strated in several studies involving the
use of porcine small-intestine sub-
mucosa (S15) and rodent abdominal-

wall tissues®* 7

. Host responses arc
largely dependent on the species and
tissue of origin, the methods of cellu-
lar remnans extraction, and steriliza-
tion rechniques™®. Conversely,

synthetic parches are acellular and are

less likely w incire a local tissue
responscﬁs. However, more studies
are needed to assess the long-rerm
clinical safety and efficacy of synthetic
patches,

Recent reports have shown goad
autcomes and low rerear rates in asso-
cation with the use of augmentarion
patches, Giloteral.™, in a study of 35
patients whe underwent rotator cuff
repair with {n = 207 or withour {n =
15y ECM augmentation for the rrear-
mentoflarge {3 to5-cm) tears, reported
that the ECM group demonstrated
significanty herter ASES scores (88.9
versus 72.6; p = 0.02), VAS pain scores
(0.9 versus 4.1; p = 0.024), and retear
rates {10% versus 26%: p = 0.0483)
ata mean follow-up of 24.9 months
(Table IIT). In a similar study of
10 patients who underwent ECM-
augmented rotator cuff repair, Con-
sigliere et al.*" showed improvements
in the mean Constant score {from 53 o
75}, Oxford Shoulder Score (from 30 o
47), shoulder abduction (from 93°
o 153°), and VAS pain score {from 7 to
0.6} when the values at a mean of 7
months were compared with preopera-
tive values {p << 0.05 for all compari-
sons). Shepherd et al. ', ara mean of 9.7
years of follow-up, reporeed intact rota-
wr cuffs in 4 of 5 patienes who had
undergone repair with use of a patch,
with improved abduction and external
rotation compared wirth preoperarive
levels (p < 0.02).

in cases in which the quality or
mobilization of tissuc is inadequate to
restore function, augmencation grafts
such as dermal tissue marrix can be used.
These constructs support rapid revas-
cularizarion and cellular repopulation to
torm an intact exeracellular framework.

1.°%, in a study of 27 shoulders

CGupracra
that underwent reconstruction of a
massive or full-thickness 2-tendon
rotator cuff tear with use of a dermal
tissue matrix xenograft, reporred
improved mean VAS pain scores (from
5.1 t0 0.4; p = 0.002), active forward
flexion {from 138° ro 167% p = 0.024)
and abduction (from 118”10 149% p =
0.001), ASES scores {from 62.7 t0 91.8:
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ATABLE Il " Studies on Patch/Scaffold Use with Rotator Cuff Repair

Duration
Level of of
Authors Evidence Control Cohort Intervention Cohort Follow-up Resuits

Gilot et al*® 1l Arthroscopic repair Arthroscopic ECM- Mean, 24 Significantly higher rate of retears in
[2015) without ECM augmented repair ma (range, control group (26%; 4 retears) vs.
augmentaticn n =20 22-26 mo) ECM group (10%; 2 retears) (p =
(h=15) 0.0483). Significantly greater
improvement in mean pain level in
ECM group (6.8 to 0.9} vs. controf
group (6.9 to 4.1) (p = 0.024).
Significantly higher ASES scare in the
ECM group (range, 63.8 ta 88.9) vs.
contrel group (range, 62.1 to 72.6)
(e = 0.02). Significantly greater
improvement in SF-12 and WOMAC
scores in ECM graft group vs. control
group (p = 0.031 and p = 0.0412,
respectively)

Consigliere v NA Arthroscopic repair Minimum, Significant improvement in mean
etal®® 2017) with ECM 3 mo; Constant score at time of final follow-
augmentation mean, up (from 53 to 75; p < 0.05).
(n=10) 7 mo Significant improvemeant in mean
Oxford score at time of final follow-
up ifrom 30 to 47; p < .05},
Significantly decreased VAS pain
scores at the time of final follow-up
{from 7 to 0.6; p < 0.05)

Shepherd 1] NA Repair with a Mean, Significantly improved abduction
etal® (2014) synthetic PTFE patch 10 yr (from 131°t0 176% p < 0.02) and
{n =5} {range, 8.5 external rotation {from 35°to 70% p =
to 11.8 yr} 0.007) at time of final follow-up.
Improvement in fift-off strength at
time of final follow-up, trending
toward significance {from 40 to 70 N;
p = 0.07). At time of final follow-up,
repair intact in 4 of 5 patients,
Proximal humeral head migration
noted in only 1 of 4 patients with
shoulder radiographs

Gupta et al.*? v NA Reconstruction with Minimum, Significantly decreased mean pain
(2013 dermal tissue matrix 24 mo levels at time of final follow-up (from
xenegraft (n = 27) range, 24 5.1to 04 p = 0.002). Significantly
to 40 mo) improved active range of motion in
forward flexion (from 138.8° to
167.3% p = 0.024) and abduction
{from 117.9°t0 149.3% p = 0.001) at
time of final follow-up. Significantly
increased supraspinatus strength
{from7.2109.4 N; p = 0.001) and
external rotation strength (from 7.4
to 9.5 N; p = 0.001). Significantly
improved mean ASES {from 62.7 to
91.8; p = 0.0007) and SF-12 scores
{from 48.4 10 56.6; p = 0.044) at time
of final follow-up. Of 22 patients who
received follow-up ultrasound, 16
{73%) demonstrated fully intact
tendon-graft reconstruction

continued
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ABLE Il {continued) - -

Duration
Leve| of of
Authors Evidence Control Cohort Intervention Cohort Follow-up Results
Neumann v NA Repair with porcine Mean, 50.3 Significant improvement in VAS pain
etal™ (2017} acelluiar dermal mo {range, scores {from 4.0 to 1.0; p < 0.001).
matrix xenograft 24 to Significant improvements in active
{n=61) 63 mo) forward flexion (from 140.7° to
160.4%), external rotation (from 55.6°
to 70.1°}, and internal rotation (from
52.0°1076.2°; p = 0001 forall) at time
of final follow-up. Significant
increases in supraspinatus strength
{from 7.7 to 8.8 N) and infraspinatus
strength (from 7.7 to 8.3 N; p < 0.001
for both) at time of final follow-up.
Musculoskeletal ultrasound at time
of final follow-up demonstrated that
56 (91.8%) of 61 repairs were fully
intact
lannottietal.®* Il Open repair Open repair Mean, 14 Higher failure rate noted in
(2006) without augmented with mo (range, augmentation group (11 of 15)
augmentation (n = porcine 515 {n = 15) 1210 26.5 compared with control group (6 of
15) ma) 15; p = 0.11). Significantly lower
median Penn total score reported in
the augmentation group (83 points)
compared with control group (91
peints; p = 0.07} at time of final
follow-up
Bryant et al*® 1 Open repair Open repair Minimum, Lower rate of failure in
(2016} without augmented with 2and 6 wk augmentation group (52.9%; 18 of
augmentation (n = porcine SIS (n = 34) and 3, 6, 34.) compared with centrof group
28) 12, and 24 (65.4%; 170f 26) at 1 yr (RR = 0.81;

mo p = 0.33). No significant differences
between augmentation and control
groups in terms of Western Ontario
Rotator Cuff, ASES, SST, Constant, or
SF-36 sceres; range of motion; or
strength. No significant difference
between augmentation group
{59.6 * 38.9 days) and control
group {52.7 = 38.6 days) in number
of days to being narcotic and pain-
free (p = 0.50)

Phipatanakul i NA Repair with porcine Mean, 26 Significant improvements in mean
and 515 xenograft me (range, UCLA (frem 13.9 to 25.7}, ASES (from
Petersen®® augmentation 1410 38 36.3 to 71.8), and VAS pain scores
{2009) (h=11}) mo) (from 6.6 to 2.0} (p < 0.01 for all) at

time of final feliow-up. Increased
active elevation {from 109° to 1267
and decreased active external
rotation {from 37°t0 28°) {p < 0.05 for
beth) demenstrated at time of final
follow-up, MRA at time of final
follow-up demonstrated 44% of
repairs to be partially or completely
intact

*ECM = extracellular matrix, NA = not applicable, PTFE = polytetrafluoroethylene, RR = relative risk, MRA = magnetic resonance arthrography.
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p = 0.0007}, and SF-12 scores (from
48.4 10 56.6; p = 0.044) ata mean of 32
months postoperatively. Only 1 patient
had a complete tear at the graft-bone
interface. and there were no cases of
infection or graft rejection. Similarly,
Neumann eral, ¥ ina prospective study
of 60 padents (61 shoulders) who
underwent repair of a massive rotator
cuff tear with use of porcine acellular
dermal matrix xenoegraft, reported 2
mean modified ASES score of 87.8 and
significant improvements in terms of
mean active forward flexion (from 141°
ro 160% p <2 0,001) and VAS pain scores
(from4.0to 1.0;p < 0.001) at amean of
50.3 months. Ultrasound examination
showed thar 91.8% of the repairs were
fully intact, 3.3% were pardally inracr.
and 4.9% were not intact.

Several studies have recommended
against the use of parches, primarily
those composed of animal-derived
ECM, because of the potential for
postoperative inflammarory reactions.
lannotti et al. ", in 2 randomized study
of 30 shoulders with chronic 2-tendon
rotator cuff tears char were repaired with
or wirthout augmentation using porcine
SIS, reported thart the augmentation
group demonstrared a lower median
postoperative Penn 1oral score™ (83
versus 91; p = 0.07} and a higher
nonhealed-repair rare (73% versus 40%;
p = 0.11} at a mezn follow-up of 14
months. Morcover, 2 paticnts in the
augmentation group experienced com-
P]icutions‘ including elevated whire
blood-cell count, crythema, and spon-
taneous drainage. Bryant et al.®®, ina
study of 62 patients who underwent
rotator cuff repair with or without aug-
mentation with poreine SIS, reported
similar rates of nonhealed repairs in the
augmentation and control groups at {2
months postoperatively {52.9% versus
(5.4%:; p= 0.33). There was no sig-
rificant berween-group ditference in
terms of the number of days 1o being free
of narcotics and pain (59.6 versus 52.7;
p = 0.50). Phipatanakul and Petersen®®,
in a study of 11 patients who underwent
rotator cuff repair with porcine SIS aug-

mentation, reported significant
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improvements in terms of mean UCLA
scores, ASES scores, and VAS pain scores
{p < .01 for all); however. they siill did
not recammend the use of such aug-
mentation as some patients had localized
inflammatory reactions, infection, and
suboprimal findings on magnetic reso-
nance arthrography ar a mean follow-up
af 25 months.

It is important to note that parches
are currently recommended as augmenta-
tion anly in the serring of large-ro-massive
tears that may have compiomised healing
potential®”. However, even in that setTing,
factors such as patient age and functional
status, patient expectations, and the
severity of rotator cuff arthropathy shoutd
be considered hecause other modalivies,
such as reverse toral shoulder arthroplasty,

may be better options.

Mesenchymal Stem Celis

Recently, the use of MSCs to augment
tendon-healing has become a ropic of
interest, primarily because of cheir
ahility to differentiate into various
targer cell types and their potential
;mti-inﬂammamry and angiogenic
propertics®® . MSCs are capable of
differentiating into adult cells such as
chondrocytes. osteoblasts. and tenocytes,
and they have the ability to produce sev-
eral growth factors™ 7!, Cansequently,
approaches mvolving the use of MSCs
may haold clinical potential for enhancing
rotator cuff repairs. The primary source
tor obtaining MSCs is the bone marrow,
which is often procured through aspira-
tion of the proximal part of the humerus
or the iliac crest®™ 727,

Several studies have investigated
the use of MSCs in the treatment of
rotator cuff discase. Gulorta er al.m, in
a study of 90 rats that underwent
detachment of the supraspinatus and
repait with usc of MSCs that were
delivered by means of a cartier marrix
{n = 30}, repair and application of a
carrier alone (n = 30}, or repair with
nothing at the repair site (n = 30),
reported no ditferences berween the
rats thar received MSCs and those that
did not in terms of structure {p =
0.96), composition (p = 0.88). or

strength (p = 0.57) of the healing
rendon attachment site afrer 4 weeks
(Table IV}, However, since that report
was published, improved strategies for
MSC administration have been intro-
duced. In a more recent study involv-
ing 66 rats, Peach et al.” useda hybrid
tiber marrix of polycaprolactone
¢ozated in pelyphosphazene paly[(ethyl
alanato); (p-methyl phenoxy),] phos-
phazenc {PNEA mPh) to create a bia-
mimetic rorator cuff tendon martrix to
deliver MSCs 1o the site of tendon
repair, At 6 and 12 weeks, tensile
modulus (measured in N/mm} and
ultimare stress {measured in MPa) were
significantly grearer in the matrix-
MSC group compared with the groups
treated with suture and martrix alone {p
< 0.05}. The investigatars postulated
that the improved biomechanics in the
matrix-MSC group arose from the
ability of the MSCs to modulate

the local healing response through cell
communication and use of autocrine/
paracring mechantsms. Hernigou
etal.”®, in a casc-control study of 90
patients who underwent rotator cuff
repair with (n = 45) or without (n =
45) MSCs, found that the proportion
of patients with intact repairs was sig-
nificantly greater in the MSC group
than in the controal group at 10 years
(87% versus 44%; p << 0.05}. In
addition, when the partients were eval-
uared with ultrasound at 6 months
after surgery, 100% of the MSC-
augmented repairs were healed, com-
pared with only 67% of untreared
repairs. Ellera Gomes and colleagucs?7.
in a study of 14 patients with complete
ratator cuff rears who underwent repair
augmented with mononuclear stem
cells from iliae erest bone marrow, re-
ported that all patients had rendon
integrity at the repair site as demon-
strated on MRI scans ar 12 months.
Furthermore, the mean UCLA score
improved from 12 preoperatively to 31
at the time of the latest follow-up.
However, the authors reporred chat

1 patient experienced a poor outcome
with a relapse into pain and loss of

: 78
strength. Kim et al.”” reporced a
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ABLE IV ; Studies on Use of MSCs with Rotator Cuff Repair

Biologic Therapies as Adjunctive Treatments in Rotator Cuff Repair

Level of Duration of
Study Evidence Control Cohort Intervention Cohort Follow-up Results
Gulotta Controlled Group 3 (n=30}: Group 1 (n = 301 Minimum, No difference between groups in
etai’* laboratory supraspinatus bone marrow-derived 4 wk cartilage formation, collagen
(2009} study tendan repair MSCs. Group 2 (n = organization, biemechanical
300 fibrin sealant strength, peak stress to failure, or
carrier only. stiffness at time of death
Peach Laboratory Suture and Rat MSCs with Minimum, Increased tendon tensile modulus
eral’ study biomimetic matrix biomimetic matrix 12 wk (MPa) and tendon ultimate stress
(2017} with rotator cuff with rotator cuff (N/mm} at 6 and 12 wk (p < 0.05)
tendon repair repair
Hernigou n Single-row rotator Single-row rotator Minimum, Higher rate of ultrasound/MRI-
etal’® cuff repair (n = 45} cuff repair with bone 120 mo confirmed healing by 6 mo in
{2014) marrow-derived treatment group {100% vs. 67%; p <
MSCs (n = 45) 0.05); higher rate of intact rotator cuff at
10-yr follow-up (87% vs. 44%; p << 0.05)
Ellera N None Conventicnal rotator Minimum, Improvements in mean UCLA score
Gomes cuff repair with bone 12 mo {from 12 to 31; p < 0.05}. All repair
etal’’ marrow-derived and fixations were acceptable, with
(2012) menonuclear maintained integrity
autologous stem cells
(n=14)
Kim et al.”™® il Conventional Conventional Minimum, No difference in pain, range of
2017) arthroscopic rotator arthroscopic rotator 12 mo motion, Constant score, or UCLA
cuff repair {n = 35) cuff repair with score. MRl indicated higher retear
adipose-derived rate in control group {28.5% vs.
MSCs (n = 35) 14.3%; p < 0.001)

significantly lower rate of retears when
patients undergoing arthroscopic
rorator cuff repair with injection of
adipose-derived MSCs in fibrin glue
were compared with patients receiving
conventional rrearment (14.3% versus
28.5%; p < 0.001), Additionally, che
rare of full-thickness rerears was sig-
nificantly lower in the injection group
than in the noninjection group (8.6%
versus 25.7%; p <X 0.001). Significant
improvements were observed for both
the injection and neninjection groups
with regard ro range of motion {p
<20.05 for both) and functional out-
comes (p =0.037 for the injection
group; p = 0.013 for the noninjection
group), While these results indicare
that MSC augmentation is safe and has
the porential 10 imprave outcomes in
patients with rotator cuff rears, addi-

tional studies are necessary.

Cytokines
The healing process potentially can be

enhanced with the addition of

cytokines and growth factors. These
molecules are produced by inflaimma-
tory cells and are invelved with cell
groweh and differentiation, chemo-
raxis, and martrix syn[hesis“’(’. This
cascade is typically initiared within the
first week after rotator cuff repair and
involves recruitment of macrophages
and neutrophils”®. These macro-
phages release a variety of cytokines,
which increase collagen synchesis,
proteinase activity, and the formarion
of fibrovascular scar tissue™®. It has
been postulared thar local macro-
phages at the bone-to-tendon inser-
tion site in repaired rotator cuffs
possess anabolic activity, as opposed ro
the carabolic activity provided by re-
cruited macrophages™”. Multiple
cytokines are involved in the healing
process. Local delivery of select cyto-
kines has shown promise in animal
medels of rendon-healing. burt there
are limited human dama regarding the

safery or efficacy of cyrokine delivery.

Platelet-Derived Growth Factor-B
PDGF-B is thought to play a role as
a critical cyrokine in repairing liga-
ments and tendons as it effectively
promotes chemotaxis, production of
ECM, fibroblast revascularizarion,
and surface integrin cxpression“’“.
Additionally, PDGF-B stimulates
osteocyte proliferation and may aug-
ment the biomechanical propertics of
the healing site™,

Several reports have shown
improved structural and biochemical
healing properties of tendons and lig-
aments in small-animal models”.
Uggen et al.®, in a study of 18 sheep,
reported promising resules in associa-
tion with the use of surures coared with
recombinant human PDGF-BB
{rhPDGE-BB) at the site of rorator
cuft repair (Table V3. Grossly, the
rendon-to-bene interfaces were well-
healed in both groups, However, his-
tologic examination revealed better

tendon-to-bone healing at the sites of
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development of
regenerative repair
strategies for
rotator cuff injury

hydrogel only)
(n=78)

treated group
(gelatin hydrogel
containing 5 pg of
FGF-2} {n = 78)

Clinical Duration
Relevance/Level Species Control Intervention of
Study of Evidence Model Cohort Cohornt Fallow-up Results

Uggen Recombinant Qvine Repair with Repair with Minimum, rhPDGF-BB-treated specimens

et a}® human platelet- uncoated rhPDGF-BB- 6wk showed significantly more

(2010) derived growth suture (n = 9) coated sutures cartilage formation at tendon-
factor-BB (rhPDGF- {n=9 bone interface than controls;
BB}-coated sutures Soslowsky score 0.75 = 0.25 vs,
seem to produce a 2.5 + 0.2, respactively (with 0
more histelogically indicating normaltendonand 3
normal tendon indicating severe
insertion disorganization)

Hee et al®* rhPDGF-BB Ovine Suture-only Repair with Minimum, Significantly greater load to

{2011) combined with repair {n = 12) rhPDGF-BB 12 wk failure observed for repairs
type-l collagen combined with a treated with 75 ug (mean,
matrix has highly porous 1,490.5 * 2245N; p = 0.029) or
potential to type-l bovine 150 pg (1,486.6 + 2290 N; p =
augment surgical collagen matrix 0.029) of rhPDGF-BB vs, suture-
repair of rotator (75,150, or 500 only controls (910.4 = 1561 N)
cuff tears pgl{n =12 for

each group)

Kovacevic Augmenting Rat Suture-only Supraspinatus Minimum, Control group had higher tensile

et al®® healing repair of repair with 4 wk ioads to failure and stiffness

{2015) environment to supraspinatius collagen scaffold (355 x88Nand 203 £ 45
improve structural tendon (n = 5) anly or 3 different N/mm, respectively) than all
integrity and to rhPDGF-BB doses groups receiving the scaffold,
reduce retear rate delivered cna including the rhPCGF-BB groups
after rotator cuff collagen scaffold (scaffold only, 27 = 6.4 N [p =
repair may be (n = 5 for each 0.021]and 13 = 57 N/mm [p =
realized with group) 0.01}; 30 wg/mL thPDGF-BB,
continued 265 = 75N [p = 0.014] and
understanding and 133 = 3.2 N/mm [p = 001} 100
optimization of pg/ml rthPDGF-BB, 257 = 61 N
growth factor [p=00051and 11.6 = 3.3 N/mm
delivery systems [p = 0.01); 300 pg/mlL rhPDGF-

BB, 27 + 69 N {p = 0.014] and
127 = 41 N/mm [p = 0.01))

ide et al.?? Appiication of FGF- Rat Untreated Supraspinatus Minimum, FGF-treated groups had greater

(20G9) 2 may result in control tendon treated 2,6, and ultimate tensile failure load at
improved supraspinatus with ADM grafts 12wk both 6 wk (10.2vs. 72 N; p =
histologic tendons (n = with (n = 10) or 0.02) and 12wk (159 vs. 132 N;
characteristics and 10} without (n = 10) p = 0.0072) compared with
biomechanical FGF-2in a fibrin untreated group. FGF-treated
strength in sealant group showed significantly
acellular dermal higher tendon maturation
matrix (ADM) graft scores on histologic analysis at
constructs in both time points {p < 0.05}
humans

Tokunaga Findings provide Rat Unilateral Unilateral Minimum, Uhtimate load teo failure greater

etal® clues regarding supraspinatus supraspinatus 2,4,6,8, in FGF-2-treated group

{2015} clinical repair {gelatin repair with FGF-2- and 12 wk compared with controls at both

6and 12wk (p=0.009andp =
0.003, respectively). Higher
histologic scores in treated
group with regard to cellularity,
vascularity, collagen fiber
crientation, and total score at

different time points
continued
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TABLE V. [continued) . -

Biologic Therapies as Adjunctive Treatments in Rotator Cuff Repair

Clinical Duration
Relevance/Level Species Control Intervention of
Study of Evidence Model Cohort Cohort Follow-up Results
Kimn et a1 % Neone given Rat Saline solution 3 treatment Minirmum, Immunohistachemistry
(2011} only (n = 10} groups: TGF-31 1and 4wk demonstrated increased levels
{n = 18), TGF-B3 of type-lll collagenin shoulders
{n = 18), anti-TGF- treated with TGF-B1. All
Gin =18 treatment groups showed
reduced mechanicat properties
Manning Nane given Rat Left shoulder, Left shoulder, Minimum, TGF-B3 group had increased
etal® repair only; HBDS + TGF-B3; 2,4,and 8 stiffness (p = 0.04), toughness
(2011} right shouider, right shoulder, wk ip = 0.007), and medulus {p =
heparin-based HBDS only (n = (.01). Cell proliferation, fibrous
delivery 14) scar tissue, and vascularity
system (HBDS) remained high at alltime points
(n =14} in TGF-R3-treated tendons
Kovacevic Delivery of TGF-j33 Rat Repair alone Repair with Ca-P Minimum, Greater load to failure at 4 wk
et al® with an injectable (n =12 matrix only {n = 2and 4wk postoperatively for Ca-P
(2011} calcium- 32) or repair with matrix + TGF-B3 group
phosphate (Ca-P) Ca-P matrix + compared with matrix or repair
matrix at the TGF-f3 (n = 32) alone {p = 0.04). Greater
supraspinatus number of fibroblasts in both
tendon feotprint experimental groups compared
has promise to with control at 2 wk (p = 0.04)
improve healing
after soft-tissue
repair
Seeherman Delivery of rhBMP- Ovine Repair withaut rhBMP-12 Minimurm, Maximum load for repairs
etal'™ 12in several rhBMP-12in= deliveredin 8 wk treated with rhBMP-
(2008} sponge carriers has 14) hyaluronan paste 12/hyaluronan sponge was 2.1
the potential to (n=8),ona times greater than that for
acceierate healing sponge (n = 8), or untreated repairs (p = 0.01)
of rotator cuff ontype-l(n = 8}or and 339% of that for normal
repairs. type-llll {n = 8} tendon (p < 0.0001); maximum
Accelerated repair collagen sponges load for repairs treated with
may allow shorter rhBMP-12/collagen sponge
rehabifitation and was 2.7 times greater than that
an earlier return to for untreated repairs (p <
occupational and 0.0001) and 42% of that for
recreational normal tenden {p < G.0001)
activities
Greiner Level I Human Standard rhBMP-12 + 52 wk Complete healing of rotator
etal'®? apen repair absorbable cuff abserved in 84% of
{2015) n=4) collagen sponge patients treated with rhBMP-
n =16} 12, campared with 75% of
controls
Dines None given Rat Suture repair 3 treatment 52 wk Histology scores significantly
etal'® alone (n = 12) groups: suture better in both experimental
{2007) repair + acellular groups compared with controls
pelyglycolic acid (p << 0.05}. Toughness and
scaffold (n = 12), maximum load to failure both
suture repair t significantly improved in IGF-
PDGF-transduced 1 repairs {p < 0.05)
scaffold (n = 12),
suture repair +
IGF-1 transduced
scaffold (n = 12)
continued
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anterior cruciate
ligament tear and
autologous
reconstruction,
Animals killed and
evaluation
performed at 6
(n=6)12(n = 86),
24(n=86},52{n =
6), and 104 wk

{n = 6)

Clinical Duration
Relevance/Level Species Control Intervention of
Study of Evidence Model Cohort Cohort Follow-up Results
Kobayashi Nene given Rabbit No centrol Shoulders of 27 1.3,579, Peak expression for IGF-1 {Day
rabbits harvested 11,14, 21, 5) occurred earlier than
at different time and expression for FGF (Days 7 and
points: Day 1 {n = 28 days 9) or PDGF {Days 7 and 14)
3),Day3n = 3,
Day5(n=34LDay7
(n=13),Day%(n=
3}, Day 11 (n = 3},
Day 14 {n == 3}, Day
21 (n = 3}, Day 28
(n=3)
Petersen Naone given QOvine No control Animals 6,12, 24, Increased vascular density and
12 underwent 52, and VEGF immunoreactivity
surgically inflicted 104 wks identified at 12 wk

the thPDGE-BBR-augmented repairs
compared with the unaugmented
repaits, Inanother study of rotatar cuff
repairs in a sheep model, Hee ct al.®*
identified superior histologic scores
and maximum load to failure ar the
sites of repairs that had been per-
{ormed with PDGF-BB-loadcd scaf-
{olds compared with those performed
with untreated scaffolds. During bia-
mechanical testing, the repairs thar
had been performed with PDGE-BB-
treated scaffolds failed as a result of
tendon avulsion from the osseous
insertion, whereas those that had been
performed with use of untreated scaf-
folds failed at the repair sire. Con-

T
1.7% inarat

versely, Kovacevic et a
maodel of rocaror cuff repair, demon-
strated that thPDGE-BB delivery on a
collagen scaffold did not resule in a
more structurally organized or stron-
ger artachment site during later stages
of healing in comparison with the
findings observed in the contrel

group. Despire its therapeutic

JULY 2018 « VOLUME 6, I1SSUE 7 - ¢l

petential, the efficacy of PDGF-B in
rotator cuff healing is not well under-
stood and warrants further

investigation.

Fibreblast Growth Factor

FGF is expressed by inflammatory
cells and fibroblasts and aids remod-
eling at the tendon-repair site by
facilitating angiogenesis and cellular
migration®’. Additionally, FGF-1and
FGIE-2, which are commonly found in
normal adulr tissues, play avitalrolein
mesenchymal cell mimgcnesisﬂu.
FGF-2, also known as basic FGF
(bFGF}, helps to trigger the develop-
ment of granulation tissue and is an

891 with the peak

effective mirogen
expression of this growth facror
occurring between 5 and 9 days fol-
lowing ratator cuff injury™ % [4e
cral.”? in arac model, assessed the
ability of FGF-2 1o aceelerate remod-
cling and regeneration of rotaror cuff
tendon defects that had been re-

constructed with acellular dermal

matrix grafts. The FGF-treared spec-
imens demonstrated a greacer ulti-
mate tensile failure load at both 6
weeks {10.2 versus 7.2 N; p= 0.02)
and 12 weeks (15.9versus [3.2N; p =
+.0072) when compared with
untreated specimens. Furchermore,
the FGF-treated group showed sig-
nificantly higher tendon maturation
scores on histologic analysis at both
time points (p < 0.05), suggesting
that local administration of FGE-2
may accelerate tendon repair and
remadeling. Similarly, Tokunaga and
collcagucs% demonstraced a signifi-
cant improvemncnt in mechanical
strengthat 6 and 12 weeks (p = 0.009
and p = 0.003, respectively) and
higher histologic scores when rats
with supraspinatus rendan rears that
were rreated with FGF-2 were com-
pared with untreared controls. While
the use of FGF-2 holds promise, more
studies are needed to understand irs
effect on the repair of rotator cuff

Tears.
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Transforming Growth Factor-B

The TGF-B class c)Fn:ytokinus plays a
vital role in native tendon development
and scar-tissue formation during heal-
ing. In addition to boosting the prolif-
eration of filkroblasts and synthesis of
fibronectin and rype-1 collagen, TGF-B
can stimulate osteeclast formation and
l)un{f l'CbDl'P[ians. 1[ hds bCCn ]1)’[)0[]1—
esized that the ype of scar tissue that
forms is dependent on the ratio of TGF-
B isoforms that are expressed. TGE-B
isoforms can be found not only during
differentiation of scar tissue but also
during tendon-to-bone healing and fegal
tendon dcvclopmcmxz. [nereased TG
[31 expression results in the scar tissue
seen in adult wounds, with associared
cell migration, cell proliferation, and
collagen 5ynthcsissz‘ Conversely,
increased TGE-B3 is associared with
development of the prenaral tendon
enthesis ™7, Even after healing has
occurred at the sites of tendon repairs or
adult wounds, increased TGI-B3
expression has been seen to reduce the

f : focar tlssue ™ 100
ormation of scar rissue ;

Kimetal.”, ina rat model, applied
vatiousisoforms of TGF-B at the healing
supraspinatus tendon-to-bone arrach-
menr site on the humerus. The shoul-
ders that received increased TGF-B1
showed a greater cross-sectional arca of
tissue at the repair site due to increased
production of rype- 111 collagen, but shey
also had marginally reduced mechanical
properties. Manning et al.'® demon-
strated chat controlled release of TGF-
B33 in vivo accelerated the healing
process at repaired rat supraspinatus
tendon-to-bone insenion stees, with
increases in cellularity, vascularity.
inflammation, and cell proliferarion.
Moreover, this sustained delivery
improved tendon structural properties
{cross-secrional area} ar 28 days and
tendon material properties {uhimate
stress and modulus} at 56 days when
treated rats were compared with con-
wols. Kovacevie et al.™ incorporated
TGF-33 into an injectable calcium-
phosphate matrix te augment the heal-
ing tendon-bone interface in a rat model
of rotator cuff repairs. The trearment

Biologic Therapies us Adjurictive Treatments in Rorator CuffRepair

group demonstrared a greacer number of
fibroblases ar the lm‘dling site 2t 2 weeks
postoperatively (p = .02) and a sig-
nificantly greater Joad to failure ar 4
weeks postoperatively (p = 0.04) when

compared with the control group.

Bone Morphogenetic Proteins

Bene morphogenctic proteins (BMD’s)
are cytokines that compose a portion of
the TGE-B superfamily. BMPs are ox-
pressed during embryonic development
to help form fibracartilaginous rendons
through a cascade of physiologically
orchestrated signals'2, While BMPs 2
through 7 have good osteoinductive
praperties, recombinant human BMDPs
irhBMDs) 2 through 14 arc expressed
during embryonic development and
promote tenocyte differendiation'™,
suggesting that the biologic activity of
BMDPs may have clinical benefir if im-
plemented carefully, Seeherman
eral.'"™ in a sheep model of rotator cuff
repair, evaluared the healing effects of
thBMP-12 when delivered with use of
several carriers, When compared with
tissues in untreated controls, the
thBMP-12 group demonsrrared
increased glycosaminoglycan contenc
and berrer restoration of collagen fiber
continuity at the bone-tendon interface
ar 8 weeks. Addttionally, the specimens
in the rhBMP-12 group that were trea-
ted with hyaluronan and collagen
sponges were 2.1 and 2.7 times stronger,
respectively, than untreated controls.
However, the specimens char were trea-
ted with thBMP-12 in 2 hyaluronan
paste showed bioniechanical propertics
similar to those of the contrels. Greiner

10
eral,'®?

, in a Phase-1 randomized con-
trolled trial involving 20 patients with
full-thickness rotator cuff tears, evalu-
ated the safety and feasibiliry of delivery
of rhBMP-12 on an absarbable collagen
sponge. At 52 weeks, complere healing
of the rotaror cuff was observed in 84%
of patients who were treated with
rhBMP-12, compared with 75% of
untreared controls. Unfortunately, the
authors did not report any statistical
difference berween the groups, making

it difficult 1o draw conclusions about

reatment efficacy. While cthese studies
highlight the potential for BMPs in
augmenting rotator cuff repair, more
research is necessary o determine how to
optimize the delivery of this growth

f&lCIO!.

Insulin-Like Growth Factor-1
The synthesis of IGF-1 is regulated by
PDGE in the early stages of the healing

pl’OCC‘IQ72’E 388,105,106

JGE-1 s respon-
sible for the proliferation of chondro-
cytes and fibroblasts and for homceostasis
of the local environment™ - #810%107.1608
Dines eral.'® used Aibroblasts from rar
tendons that were cultured with the
genetic information of IGF-1 and
transferred to repaired rotaror cuff ten-
dons. Biomechanical testing revealed a
greater toughness and maximum load 1o
fatlure when the IGF-1-enhanced ten-
dons were compared with unenhanced
tendons (p << 0.05), Kobayashi eral *,
in an in vivo study of supraspinatus
tendon-healing in a rabbis rotacor cuff
repair model, found thar the peak
expression of IGF-1 occurred carlier
than the peak expression of either FGF
or PDGE. Given the favorable resules
associated with the addition of IGF-1 in
animal madels, more studies are needed
to fully assess the potential therapeutic
role of IGF-1 in the treatment of human

rotator cuff rears,

Vascular Endathelial Growth Factor
VEGF plays an integral role in the cre-
ation of blaod vessel lumen and vessel
fenestrations as well as in chemotaxis for
macrophages and granulocytes' "
VEGF binds 1o cell-surface receptors
thar activate a fyrosine kinase responsi-
ble for regulating signal rransduction
pathways that facilitate proliferation,
migration, and differentiation of endo-
thelium. It is also thought te play a role
in the neovascularization process of
tendon repair and hculingI "' Petersen
etal."' % in a sheep medel, reported
that lighr microscopy demensrrated
increased vascular density 12 weeks
after tendon repair, Increased density
of VEGPT in the tissues was observed

with use of immunchistochemistry,
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highlighting VEGYF expression during

angiogenesis associated with tendon
3

remodeling. Via ctal.'™ reparted
improved biomechanical properties in
repaired tissues that were treated wich
VEGF. However, other studies have
linked VEGT with synovial proliferation
and pain during movement in patients
with shoulder impingement' 1%,
These conflicting results highlight the
need for further research exploring the

use of VEGF in rotator cuff repairs.

Overview

As rotator cuff rears become increasingly
trequent in the population, it is imper-
ative for orthopaedisis who repair them
1o maximize healing and minimize
complications such as retears, The
additien of biologics and parches 1o
standard rotator cuff repairs may be
beneficial. PRP, scaffolds, and MSCs
have shown promise, bur additional
studies are necessary. Animal srudies
have demonstrated the potential of vari-
ous growth factors to augment rorator
culf healing, but human studies are nee-
essary. While most studies have offered
insight into the application of biologics,
many reports have been limited by
insuflicient long-term follow-up, small
sample sizes, and inconsistent methods of
preparation and delivery of bialagics,
making ir challenging to offer specific
recommendations or guidelines, Further
rescarch is needed ro determine the
:lppl‘ﬂpriﬂlc C0n1l)indti()l1 ‘dnd dUSing (')f
these substances, indications for their use,
and the optimal method for delivering

them in the serding of rotator cuff repair,
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