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Over the past 30 years, arthroscopic rotator cuff repair (ARCR) has evolved to become the gold standard in treating rotator cuff
pathology. As procedural concepts of ARCR continue to improve, it is also continually compared with the open rotator cuff repair
as the historical standard of care. This review highlights the evolution of ARCR, including a historical perspective; the anatomic,
clinical, and surgical implications of the development of an arthroscopic approach; how arthroscopy improved some of the
problems of the open approach; adaptations in techniques and technologies associated with ARCR; future perspectives in
orthobiologics as they pertain to ARCR; and lastly, the clinical improvements, or lack of improvements, with all of these
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Over the past 30 years, arthroscopic rotator cuff repair
(ARCR) has evolved to become the gold standard in treating
rotator cuff pathology.14 In fact, between 2004 and 2009,
the percentage of rotator cuff repairs (RCRs) performed
arthroscopically increased from 48.8% to 74.3%, whereas
the percentage of open cases decreased from 51.2% to
25.7%.94 While today’s techniques and technologies appear

to make open rotator cuff repair (ORCR) seem antiquated,
the paradigm shift did not occur overnight. The ARCR pro-
cedure has evolved and continues to improve; however, it is
also continually compared with the ORCR as the historical
standard of care.21 This review highlights the evolution of
ARCR, including a historical perspective; the anatomic,
clinical, and surgical implications of the development of
an arthroscopic approach; how arthroscopy improved some
of the problems of the open approach; adaptations in tech-
niques and technologies associated with ARCR; and lastly,
future perspectives in orthobiologics as they pertain to
ARCR.

HISTORY OF ARCR

The endoscope was first described by a German urologist
named Philipp Bozzini in 1806, and the arthroscope did not
follow until 1912, when a Danish surgeon named Severin
Nordentoft examined the knee joint.20 The arthroscope was
introduced to the glenohumeral joint in a cadaveric study
by Burman19 in 1931 when he compared arthroscopic and
open findings. In 1967, the arthroscopic technique took a
giant leap when Masaki Watanabe published his Atlas of
Arthroscopy, as well as introduced fiber optics to the arthro-
scope, thus allowing the technique to spread more
widely.27,74 Watanabe is additionally credited for describ-
ing the posterior viewing portal and founding the Interna-
tional Arthroscopy Association, both in the mid-1970s.74 It
would not be until 1989 when the various anterior arthros-
copy working portals would be additionally described by
Eugene Wolf.74

In an effort to better diagnose and repair rotator cuff
injuries, in 1990, Levy et al46 reported on the results of a
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combined mini-open and arthroscopically assisted tech-
nique in 25 patients with a minimum of 1-year follow-up.
However, arthroscopic margin convergence of rotator cuff
tears was being performed as early as the late 1980s by
pioneers such as Steve Burkhart.14 By 1993, a preliminary
report by Stephen Snyder80 and a technical note by Ray-
mond Thal84 officially introduced ARCR to the United
States and paved the way for modern ARCR techniques.

In the mid-1990s, ARCR evolved through the hands of
several young leaders, including Jim Esch, Stephen Sny-
der, Dick Caspari, Lanny Johnson, Eugene Wolf, Gary
Gartsman, Rob Bell, and Howard Sweeney.14 Margin con-
vergence for massive tears was formally introduced by
Burkhart et al16 in 1996, and shortly after, in 1998, Tauro83

reported on 2- and 3-year follow-ups for ARCR using a
single-row technique with both simple and mattress
sutures. Tauro82 would add to the growing knowledge of
the field by describing the anterior interval slide technique
in 1999.

As ARCR surgery transitioned into the 2000s, the tech-
niques and technologies would only continue to expand
with the goal of improved surgeon efficiency and accuracy
and improved rotator cuff healing, all while matching the
anatomic restoration of the footprint achieved using an
open technique. Double-row methods had been used in
mini-open techniques for some time, but in 2003, Lo and
Burkhart48 adapted the double-row repair technique to
ARCR to improve healing by reestablishing the footprint
of the rotator cuff. Various surgeons would follow suit aim-
ing to maximize efficiency, apposition, biomechanical sta-
bility, and healing.

Millett et al61 in 2004 were the first to describe linking
the medial and lateral rows and also creating a crisscross
method that has now become the gold standard method of
ARCR. Park et al68 called this method of linking the
medial and lateral row the “transosseous-equivalent” RCR
technique in 2006. Burkhart et al14 would further discuss
the self-reinforcing properties of such a linked ARCR.
Many future endeavors at optimizing technique and

implant designs would stem from the linked concept, and
clinical trials with controls would validate the efficacy of
these new fixation methods.17,24 Entering into the 2010s,
it was noted that there was an increase in the number of
relevant articles that pertained to ARCR, particularly in
how to optimize the biomechanics of the repair to advance
clinical outcomes.54 As the biomechanical repair con-
structs were refined, it was postulated that attention
should be turned from the technological enhancement of
repair toward the biological enhancement, and the focus
shifted to clinical investigations into the addition of ortho-
biologics with ARCR. Herein, a more detailed description
of the evolution these techniques, implants, and technolo-
gies is given.

EVOLUTION OF ARCR TECHNIQUES

The development of ARCR would stem from some of the
issues historically attributed to ORCR,1 including poor pain
control, stiffness, deltoid violation, infection risk, delayed
recovery, and adequate visualization and characterization
of the rotator cuff tear, which, in turn, correlate with proper
anatomic repair technique.21,36 Several critical prerequisites
addressed these issues, including the 30� arthroscope, the
arthroscopic pump for fluid management, bipolar radiofre-
quency ablation, arthroscopic instrumentation (probe, scis-
sors, graspers, crochet hooks, suture retrievers, tissue
graspers, knot pushers, guillotine knot cutters), suture pas-
sers, cannulas, and switching sticks (Figure 1).52 Research
and development of devices and techniques were closely tied
to innovations from the medical device industry.47,52 With
regard to soft tissue management, deltoid takedown and
repair posed unique risks to the patients and precluded them
from an accelerated rehabilitation program. There was also
the small but real risk for deltoid avulsion.36,51,64,91,93 Sev-
eral studies1,33-35,75,76 have reported increased pain with
open techniques, which delays recovery, limits patient sat-
isfaction, and affects progression of rehabilitation.

Figure 1. Examples of suture-passing devices created to facilitate ease of suture passage during arthroscopic rotator cuff repair.
(A) Smith & Nephew FIRSTPASS ST. (B) Arthrex Scorpion. (C) Various SutureLasso devices (Arthrex).
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Additionally, visualization and characterization of tears,
particularly articular-sided partial tears, are challenging
during an open procedure.33 Arthroscopy has allowed better
visualization and has improved understanding of the vari-
ous tear patterns. This allows surgeons to achieve the most
accurate, functional, and stable ARCR possible.25,62

After improved visualization and improved tear pattern
recognition and understanding, the next technical evolu-
tions were aimed at arthroscopic fixation methods. An enor-
mous amount of time and effort was aimed at the
development of suture anchors, suture material and fixa-
tion methods, and surgical techniques. These developmen-
tal steps aimed to restore and recreate the anatomic
footprint of the rotator cuff to enhance healing of the tendon
to the bone.87

Suture Anchors

With ORCR, surgeons would commonly drill bone tunnels
using a transosseous technique to attach the tendon to the
humeral head via knotted sutures. As this was not as fea-
sible with arthroscopy, suture anchors were developed.
These suture anchors varied in terms of fixation tech-
nique, shape, size, composition, radiopacity, and suture
material.6 Moreover, the anchors initially were not specif-
ically designed for ARCR and the unique features needed
to provide stable fixation at the greater tuberosity and to
enhance healing. Although the attributes were variable,
all anchors had the same general aim to reattach torn
tendons to the bone of the greater tuberosity. The anchors
needed to secure the tendon for the different phases of
healing (inflammation, vascularization, and tissue remo-
deling) over the course of at least 12 weeks.6 Several
research studies7,8,10 have outlined the developments in
the biomechanical features of numerous anchors over the
past 3 decades.

Anchor design has evolved over time and included
anchors with fins, partially threaded anchors, and eventu-
ally fully threaded anchors, with the last being proclaimed
as advantageous in osteoporotic bone and fixation at the
tuberosity.9 Additionally, anchors can be screw-in or non–

screw-in. In 2011, Barber et al9 investigated the biome-
chanical properties of various anchor types and found that
a fully threaded screw-in anchor demonstrated a signifi-
cantly greater load to failure versus smaller, non–screw-
in anchors. Interestingly, in this same study9 with certain
anchor designs, the size of screw-in anchors was not pre-
dictive of load to failure, with both larger (6.5 mm) and
smaller (5.5 mm) screw-in anchors having similar
strengths.

Anchor composition has evolved from metal anchors to
bioabsorbable; to permanent polyether ether ketone
(PEEK); and, more recently, to soft, all-suture anchors
(ASAs).8 Metal anchors have historically been simple to
utilize and easy to visualize radiographically postopera-
tively, but because they are permanent, they present chal-
lenges in revision surgery and cause image artifact on
postsurgical magnetic resonance imaging (MRI) scans (Fig-
ure 2). One of the weaknesses that was recognized was the
anchor eyelets, which could make tying sliding knots diffi-
cult and, in some instances, could actually abrade or dam-
age the suture material.6 This was especially true in metal
anchors where potential sharp edges seemed to be a risk
factor for ARCR failure due to suture breakage. Research-
ers learned that the rotation of the anchor eyelet in relation
to the line of force could be important to protect the sutures
and to affect load to failure.49 Bioabsorbable anchors com-
posed of polyglyconate or poly-L-lactic acid (PLA) were
developed and had the benefit of dissolving over time and
also had better biomechanical profiles with less risk of dam-
aging the repair sutures (Figure 3). Clinically, further ben-
efits included their minimal effect on revision surgery and
lack of artifact on MRI scans.8,49 Downfalls of bioabsorbable
anchors included the fact that PLA anchors need up to
4 years to resorb and some cases of an inflammatory reac-
tion to polyglyconate anchors have been described.4 The
addition of biocomposite anchors with a combination of PLA
and calcium triphosphate has helped the anchors to resorb

Figure 2. Examples of metal suture anchors in various sizes
from Smith & Nephew, the TWINFIX Ti.

Figure 3. Examples of biocomposite suture anchors used for
arthroscopic rotator cuff repair. From left to right: Arthrex
BioComposite Corkscrew FT, Smith & Nephew Helicoil
Regenasorb, and Arthrex BioComposite SwiveLock.
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more quickly while maintaining the advantages of resorp-
tion, postoperative imaging, and ease of revision.

PEEK anchors were also developed as an alternative to
metallic ones and included radiolucent, nonabsorbable,
nonmetallic anchors with biomechanically similar pull-out
strengths to the abovementioned materials (Figure 4).7 In
theory, PEEK anchors should offer some design advan-
tages, as PEEK is stronger than most absorbable materials.
To further improve the perfusion of the medial row, vented
suture anchors were developed in both bioabsorbable and
PEEK anchors.90

Recently, ASA designs have become available for use in
ARCR (Figure 5).5,66 ASAs are composed of suture material

and differ from prior anchor systems in the primary
fixation.5,66 In general, the intracortical suture material
expands and fixes the anchor in the bone. The upside
includes smaller drill holes that lead to less bone loss,
especially after pullout.66 The anchor pull-out strength and
the fixation angles have been shown to be comparable to
those of conventional anchors in biomechanical testing, as
demonstrated by a recent randomized prospective clinical
trial.66 However, while analyzing in vitro studies, one
should keep in mind they do not necessarily translate into
enhancement in clinical outcomes.

Suture Material

Suture material varies and includes braided, nonbraided,
and cord-like sutures. Braided polyester sutures and mono-
filament polydioxanone sutures were initially utilized (eg,
PDS II; Ethicon). These braided sutures frequently broke
during knot tying and did not withstand cyclical loading
well because of their poor resistance to abrasion. The devel-
opment of high-strength sutures for ARCR was a major
development. The high-strength sutures had markedly
improved load-to-failure values as compared with poly-
blend polyethylene sutures in biomechanical testing (eg,
FiberWire, Arthrex; Ultrabraid, Smith & Nephew; Ortho-
cord, Depuy Synthes) (Figure 6).81 The polyblend polyeth-
ylene sutures also demonstrated less fraying at the edge of
the anchor eyelets.92 Furthermore, the polyblend polyeth-
ylene material was developed further in recent years and
now uses ultra–high-molecular-weight polyethylene, which
has been beneficial regarding fraying and failure through
submaximal strength slipping in vitro.6

As opposed to conventional sutures, suture tapes were
also developed to dissipate forces over a greater surface
area of the tendon, leading to less “cut-through.” They also
act as biological scaffolds with biomechanical advantages in
load to failure and stiffness because of the wider dimension

Figure 4. Examples of polyether ether ketone (PEEK) anchors
used in arthroscopic rotator cuff repair. From left to right:
Smith & Nephew Helicoil PK, Arthrex PEEK SwiveLock SP,
and Smith & Nephew Footprint PK.

Figure 5. Example of an all-suture anchor used in arthro-
scopic rotator cuff repair, the Arthrex FiberTak.

Figure 6. Examples of high-strength sutures and tape used in
arthroscopic rotator cuff repair that contain ultra–high-
molecular-weight polyethylene. Top: Arthrex Fiber Tape. Bot-
tom: Smith & Nephew Ultrabraid.

4 Day Hazra et al The Orthopaedic Journal of Sports Medicine



of the material.11 However, few to no randomized clinical
trials have been performed to verify the effect of these
mostly biomechanical findings.

Fixation Techniques

Fixation techniques with ARCR are centered around
restoring anatomy, recreating biomechanics with strong
fixation, promoting healing, and improving function.87 To
fulfill these aims, numerous fixation methods have been
developed over time, differing in terms of the quantity of
anchors, suture material, region of fixation, and biome-
chanical qualities.65 Fixation techniques include single-
row repair,87 double-row repair,48 linked versus unlinked
double-row repair,71 conventional sutures versus suture
tapes,71 and knotted versus knotless constructs.56

At the turn of the millennium, ARCR was performed
either using a single anchor in the center of the tear or via
the placement of anchors in a row from anterior to posterior
on the greater tuberosity, referred to as a single-row repair
(Figure 7).83 After diagnostic arthroscopy, identification of
the tear pattern, and mobilization of the tendon, anchor
placement is achieved through an additional superolateral
portal at an inclination of 45�.78 Severud et al78 were the
first to show comparable results in ARCR and an
arthroscopy-assisted mini-open repair with less fibrosis in
the ARCR group. However, after these promising results,
Galatz et al31 reported a disturbing study in which ultra-
sound testing showed recurrent defects, after single-row
ARCR, in approximately 94% of repairs. Furthermore, the
study group reported a significant deterioration of the

functional outcomes between the 12- and 24-month fol-
low-ups.31 Dugas et al28 showed that the surface area of the
tendon on the greater tuberosity included a medial-lateral
dimension of up to 15 mm and that single-row repairs did
not reproduce this well, thus creating spot welds for heal-
ing. Some have speculated that lack of healing with ARCR
was possibly due to reduced restoration of the anatomic
surface area (“footprint”). In 1 study,1 only 67% of the
anatomic footprint was restored using certain ARCR tech-
niques compared with 85% surface area restoration when
using more traditional ORCR methods. Many surgeons had
been using double-row techniques with mini-ORCR to
enhance the contact area between tendon to bone, so Lo and
Burkhart48 adapted this to ARCR and introduced the
double-row ARCR in 2003 (Figure 7). When utilized, the
medial anchors are placed just lateral to the articular mar-
gin, while the lateral row anchors are placed at the lateral
aspect of the greater tuberosity in front of the “drop-
off.”48,74 This anchor position takes advantage of the best
bone quality in the humeral head.86

Millett et al61 were the first to describe linking the
medial and lateral rows and also creating a crisscross
method that has now become the gold standard method of
ARCR (Figure 8). This method optimized anatomy, biome-
chanics, and biology by maximizing the surface area of the
tendon that was in contact with the bone, by placing the
anchors in the best bone quality of the greater tuberosity,
by compressing the tendon down onto the bone with sutures
that were on the bursal surface, by minimizing foreign
material at the cuff bone interface where healing occurred,
by allowing for resistance to multivector loads because of

Figure 7. Arthroscopic rotator cuff repair constructs: (A) single row and (B) double row. Reprinted with permission from Roth KM,
Warth RJ, Lee JT, Millett PJ, ElAttrache NS. Arthroscopic single-row versus double-row repair for full-thickness posterosuperior
rotator cuff tears: a critical analysis review. JBJS Rev. 2014;2(7):e6. Wolters Kluwer Health.
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the crisscrossing suture configuration, and by maximizing
resistance of bone to tendon failure because the forces were
dissipated over the whole construct. Two years later, Park
et al68 called this method of linking the medial and lateral
row the transosseous equivalent. Burkhart et al14 would
further discuss the self-reinforcing properties (the greater
the load, the more the tendon is compressed onto the foot-
print) of such a linked ARCR construct. Park et al67,69 also
validated these biomechanical concepts in the laboratory.

Depending on the tear pattern, different suture config-
urations were proposed.53,61,87 In 2005, Mazzocca et al53

compared the single-row with the double-row technique
and found improved surface area restoration with similar
strength in load-to-failure, cyclic displacement, and gap
formation tests. Biomechanical testing alone is not the only
factor, as the biological quality of a repair through a larger
tendon-to-footprint surface is also highly important.
Through different meta-analyses, Duquin et al29 and Mill-
ett et al63 were able to show comparable clinical results and
significantly lower retear rates with the double-row
technique. Duquin et al29 defined failure as a retear in a
follow-up MRI and analyzed 23 studies comparing open
procedures with arthroscopic single- and double-row

fixation techniques in mostly single patient cohorts without
a control group. On the contrary, Millett et al60 strictly
considered 7 randomized controlled trials, each comparing
single-row with double-row fixation. MRI was used to con-
firm retear rates, and the study groups were evaluated
using the American Shoulder and Elbow (ASES) score and
the Constant score. There were no significant differences
between the groups in terms of clinical scores, but there
was a significantly decreased retear rate in the double-
row repairs (14.2%) compared with the single-row repairs
(25.9%), with a relative risk for the single-row technique of
1.76.60 However, the study reported that the MRI-based
analysis was a limitation because of its being unable to
distinguish between a retear and a lack of healing from the
initial repair.60

Despite promising clinical results, Cho et al23 illustrated
that the medial row can fail at the musculotendinous junc-
tion. Possible reasons described for retearing at the muscu-
lotendinous junction were decreased blood flow due to the
high contact pressure at the greater tuberosity and
increased tension at the medial row.23 Medial knots have
also been proposed as contributing to this by concentrating
the force and not dissipating it over the 2 rows (Figure 9). In

Figure 8. (A) Early descriptions of the linking medial and lateral rows. (B) Displaying how the suture anchors are linked together.
Image A reprinted with permission from Vaishnav S, Millett PJ. Arthroscopic rotator cuff repair: scientific rationale, surgical
technique, and early clinical and functional results of a knotless self-reinforcing double-row rotator cuff repair system. J Shoulder
Elbow Surg. 2010;19(2 suppl):83-90. ©2010, Elsevier Ltd. Image B reprinted with permission from Millett PJ, Mazzocca A,
Guanche CA. Mattress double anchor footprint repair: a novel, arthroscopic rotator cuff repair technique. Arthroscopy.
2004;20(8):875-879. ©2004, Elsevier Ltd.
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an effort to address the increased medial tension and
reduced tendon perfusion, the suture limbs of the medial and
lateral rows were connected to form an anatomic suture
bridge construct61,87,88 with decreased tension of the medial
knots, decreased suture cut-through, improved vascular
flow, and anchor placement away from the tendon-bone
interface. In 2017, Park et al70 showed benefits for a knotless
construct regarding load sharing in biomechanical testing
(Figure 9). Furthermore, there was less focal tissue strangu-
lation and significantly more self-reinforcement with equiv-
alent load-to-failure values as compared with knotted
configurations. Additionally, Park et al70 showed no
enhancement in the tendon-to-bone contact area via medial
knots, leading the study group to question the necessity of
knotted medial anchors. In 2017, Millett et al57 compared
knotless double-row suture tape constructs to knotted
double-row constructs with conventional sutures in a clinical
retrospective comparative level 3 study. While both config-
urations showed excellent results at the 2-year follow-up,
the knotless suture tape variant showed lower retear rates
on postoperative MRI scans.57 Again, the MRI-based follow-
up analysis was without an arthroscopic second look and
used as an ethically sustainable approximation. Further,
Park et al69 showed reduced operating time as a result of
fewer steps, and Huang et al41 described fewer revision sur-
geries and a faster recovery time. For this study, Huang

et al41 performed economic and decision analyses using data
obtained from a previously published randomized controlled
trial that compared single-row to double-row fixation. While
the single-row repair had less cost initially (CAD $1654.76 vs
$2134.41), the double-row technique was found to be most
cost-effective in terms of incremental cost per quality-
adjusted life-year gained.

Further advancement of the double-row construct
included describing the self-reinforcement effect where the
strength of the repair construct is increased via movement
of the humerus and loading of the tendon.15 Furthermore,
self-linked constructs have shown superior results in bio-
mechanical testing, especially in rotational load sharing,
footprint coverage, footprint compression, gap formation,
and ultimately load to failure as compared with previous
techniques.15,88 In 2010, Voigt et al88 showed excellent clin-
ical results in a prospective clinical trial for linked double-
row constructs with steady improvement after 4, 12, and
24 months. However, the study group showed retear rates
of up to 28% on follow-up MRI scans with medial tendon
rerupture rates of 46%, and there was no control group with
which to compare these findings.88 Various authors have
identified a weakness in the cuff tissue at the suture tendon
interface as the most likely cause of retear.23,60,90

As surgeons became more experienced in the arthro-
scopic repair of rotator cuff injuries, they also learned to

Figure 9. Evolution of the double-row arthroscopic rotator cuff repair. (A) Double-row repair. (B) Transosseous equivalent. (C)
Knotless suture bridge construct with suture tapes. (D) Medial knotted suture bridge construct with sutures. Reprinted with
permission from Roth KM, Warth RJ, Lee JT, Millett PJ, ElAttrache NS. Arthroscopic single-row versus double-row repair for
full-thickness posterosuperior rotator cuff tears: a critical analysis review. JBJS Rev. 2014;2(7):e6. Wolters Kluwer Health.
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employ arthroscopic techniques to facilitate the repair of
more challenging tear patterns. These techniques are
aimed at mobilization of the tissue and simplifying the tear
pattern so that maximal tissue apposition to bone can
occur. This includes the principle of margin convergence
for large U-shaped tears or peripheral L-shaped tears,
where the longitudinal aspect of the tear is sutured side
to side first before repairing the residual crescent tear down
to the bone. For chronic or retracted tears, interval slides
can be performed to mobilize tissue for tension-free repair.
With an anterior interval slide, the supraspinatus and rota-
tor interval is released, allowing further mobility of the
retracted tissue. Often, interval slides and convergence
techniques are combined in these complex or chronic/
retracted tear patterns.18

Clinical Outcomes

The evolution of the ARCR not only provided excellent clin-
ical outcomes but also enhanced the survival of the repair
constructs compared with the previous ORCR. In 2011,
Millett et al59 exhibited a survival rate of 94% after 5 years
and 83% after 10 years in 233 patients treated with ORCR
using an arthroscopy-assisted mini-open repair technique.
It seems that the evolution of the ARCR further decreased
the failure rate of repair constructs even in the long-term
follow-up. Plachel et al72 mirrored these results, describing
an 11% revision rate in 56 cases treated with ARCR after 10
years. Additionally, Millett’s study group showed excellent
short-term (2 years)58, midterm (5 years)73, and long-term
(10 years)42 results. This was demonstrated by significantly
improved clinical outcomes and a low revision rate of 5.5%
with 95.4% survivorship at 10 years in a Kaplan-Meier
analysis.42,58,73 Interestingly, the authors distinguished
between a knotted suture bridge and a knotless (medial
row) suture tape technique (Figure 9). Both techniques
showed excellent clinical results without any significant
differences in the clinical outcome.42,58,73 After nearly 3
decades of evolution from both industry and surgeon
innovation, the double-row, knotless, self-reinforcing
repair construct with suture tape and optimized anchors
has become a highly utilized modern construct (Figure
10). Nevertheless, most clinical studies should be
interpreted with the perspective that there are
limitations because of the lack of control groups or second
looks via arthroscopy and that innovation has industry and
economic drivers that are difficult to quantify.

Physical Therapy

The postoperative influences of healing have also evolved
as it pertains to the transition from ORCR to ARCR and
through the evolution of ARCR. Physical therapy, in par-
ticular, is probably the most influential postoperative factor
as it pertains to healing and clinical outcomes with ARCR.
Without the need to protect the deltoid origin, timing, pro-
gression, and program type have all been considered in the
healing of an ARCR. Typically, the 2 schools of thought that
have emerged are early and delayed motion protocols.26,85

Early motion theories have been implemented with the

intentions of increased mobility and earlier return to activ-
ity, while delayed motion theories are predicated on pro-
tecting the early healing phase of ARCR.32 The advent of
ARCR had been suggested to lower the predisposition to
stiffness when compared with ORCR and thus may obviate
the need for an early progressive range of motion protocol.
Several authors have attempted to compare early and
delayed range of motion protocols as they pertain to out-
comes, pain, range of motion, and retear rates after
ARCR.32 A 2015 systematic review of evidence level 1 and
level 2 studies by Gallagher et al32 compared these rehabil-
itation protocols and demonstrated early improvements in
range of motion and function with early range of motion
protocols; however, similar clinical and anatomic outcomes
were observed in delayed range of motion protocols at 1
year. There were no studies that demonstrated differences
in retear rates between the 2 schools of thought, although
the trend was toward slower mobilization with larger tears.

FUTURE PERSPECTIVES

Orthobiologics

As ARCR has continued to evolve, a main focus of research
has been directed toward improving the biology at the
repair site. Researchers initially turned to platelet-rich
plasma (PRP) because of its concentration of growth factors
implicated in healing musculoskeletal tissue such as
platelet-derived growth factor, basic fibroblast growth fac-
tor, transforming growth factor beta-1, and vascular endo-
thelial growth factor.13 These findings have resulted in
numerous studies38,39,50,79,89 investigating the role of PRP
in rotator cuff surgery. Malavolta et al50 reported that at 60
months after arthroscopic single-row repair, both the

Figure 10. The double-row, knotless, suture bridge arthro-
scopic rotator cuff repair using suture tapes and biocomposite
suture anchors.
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control and PRP groups had improved University of Cali-
fornia, Los Angeles (UCLA), Constant, and visual analog
scale (VAS) scores from baseline; however, there was no
difference between the groups’ clinical outcome scores or
retear rates evaluated via MRI. Another study on 87 total
patients assessed outcomes after ARCR with either a
delayed injection of leukocyte-rich PRP or normal saline
at 10 to 14 days. Similarly, at the 1-year follow-up, there
was overall improvement from preoperative baseline but no
significant difference between the groups regarding retear
rate or the Western Ontario Rotator Cuff Index (WORC),
ASES, and Constant scores.79 Arthroscopic supraspinatus
tendon repair with PRP injections on day 0 and day 7
resulted in no significant difference in patient-reported out-
comes at 24.6 months when compared with control repair.38

Notably, Warth et al89 conducted a meta-analysis that
revealed an improvement in Constant scores with tendon-
bone interface PRP injections as opposed to superficial
administration on top of the tendon. Additionally, PRP
usage in the setting of arthroscopic double-row repair for
a tear >3 cm in the anterior-posterior direction resulted in
a decreased retear rate. A review by Han et al39 on 13 stud-
ies with 880 total patients found that PRP utilized in rota-
tor cuff surgery resulted in significantly decreased retear
rate and increased Constant shoulder scores, simple shoul-
der test scores, UCLA scores, and VAS scores when com-
pared with repair without PRP. While promising results
with regard to retear rates and patient-reported outcomes
have been demonstrated in certain studies, the variability
of PRP formulations and heterogeneity of studies make the
overall data regarding the use of PRP in ARCR
questionable.

Additional efforts to augment healing at the site of ARCR
have been attempted via the administration of mesenchy-
mal stem cells. An animal study by Kida et al44 explored the
effect of drill holes according to the double-row repair tech-
nique and discovered that this group had increased infiltra-
tion of bone marrow–derived cells within the tendon and
higher strength to failure when compared with the control
repair. Conversely, Gulotta et al37 found no difference in
collagen formation or repair strength in rats between the
control repair group and a repair plus mesenchymal stem
cell group. A separate animal study examined supraspina-
tus repair without supplementation to repair plus adipose-
derived stem cells (ASCs), tendon hydrogel (tHG), or
combined tHG-ASC. While the tHG significantly enhanced
repair strength, the combination of tHG-ASC did not afford
any additional strength.43 In general, there is a paucity of
research evaluating the clinical outcomes of stem cell use in
ARCR. One outcome study investigated the effect of
adipose-derived mesenchymal stem cells (ADMSC) after
ARCR versus a matched control in 70 total patients.
Patient-reported outcome measures at 28 months were not
significantly different; however, the retear rate of 14.3% in
the ADMSC group was significantly lower than the retear
rate of 28.5% in the control group.45 Hernigou et al40 per-
formed a matched-control study in 90 total patients to
assess healing after single-row ARCR with and without
iliac crest bone marrow–derived cells. At 6 months, all
patients had complete healing at the repair site in the bone

marrow–derived MSC group compared with 67% of
patients in the control group. Furthermore, 87% of rotator
cuffs were intact at 10 years in the bone marrow–derived
stem cell group, whereas 44% of rotator cuffs were intact in
the control group. These studies indicate that the use of
stem cells in ARCR may enhance the resiliency of the
repair, but heterogeneity in stem cell type and administra-
tion methods make it challenging to elucidate the most
effective use of stem cells in ARCR.

Structure-Based Therapies

In addition to plasma-based and cell-based orthobiologics,
structure-based therapies have also been a topic of recent
interest. The role of patch augmentation in RCR has
expanded in recent history to include xenografts, synthetic
grafts, allografts, and autografts.22 Additionally, these
patches have been utilized in a variety of repair techniques
in an attempt to improve repair strength and/or promote
healing at the repair site. These factors are of critical
importance in ARCR, as a systematic review by McElvany
et al54 on 108 articles covering 8011 repairs revealed a
retear rate of 26.6% at an average of 23.7 months. Several
studies2,12,55,77 have examined the outcomes after bursa-
sided patch placement. A histologic analysis on a highly
porous, highly oriented, reconstituted bovine collagen
implant (Rotation Medical) applied during ARCR found
that at 5 weeks after repair, the host tissue’s fibroblasts
were linearly oriented along the implant and were creating
new collagen. At 6 months, biopsy demonstrated a complete
absence of the collagen implant, and the host tissue resem-
bled that of a tendon.2 A multicenter trial on 33 patients
conducted by Schlegel et al77 evaluated partial-thickness
tears of the supraspinatus tendon treated with subacromial
decompression and bursa-sided patch placement without
tendon repair. MRI scans at 12 months revealed that the
tendon tear site was an average of 2 mm thicker, complete
resolution of the tear occurred in 8 patients, and reduction
of tear size was noted in 23 patients. Similar results were
demonstrated in a study by Bokor et al12 who found an
average increase in tendon thickness of 2.2 mm with a sig-
nificant increase in ASES and Constant scores at the 24-
month follow-up. McIntyre et al55 assessed outcomes after
arthroscopic application of a highly porous collagen scaffold
(REGENETEN; Smith & Nephew) in 90 partial- and 83
full-thickness rotator cuff tears. Patient-reported WORC,
ASES, VAS, Single Assessment Numeric Evaluation, and
Veterans RAND 12 scores all significantly improved over
the year of follow-up (Figure 11). Despite bursa-sided patch
placement for full- and partial-thickness tears resulting in
excellent short-term outcomes with limited tear progress,
additional studies are needed to assess mid- and long-term
outcomes. Additionally, the literature is still lacking in ran-
domized trails comparing patch augmentation with stan-
dard ARCR, and thus it is unclear as to whether clinical
improvements are observed with augmented ARCR.

While the above-described patches have been implemen-
ted to improve repair quality, additional allograft patch aug-
mentation techniques were implemented in an effort to
improve strength or bridge tissue gaps in ARCR. Petri
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et al71 reported on the 2-year clinical outcomes after open
revision biologic patch augmentation in 12 patients with
massive rotator cuff retears who had deficient rotator cuff
tendons with healthy rotator cuff muscles. There was a 90%
satisfaction rate with no reoperations and significantly
improved ASES functional outcomes. A meta-analysis by
Bailey et al3 even suggested that patch augmentation or
interposition may be as reliable as or better than ARCR
alone. Ferguson et al30 found similar results in a systematic
review assessing the structural integrity and functional
results of allografts when used for patch augmentation ver-
sus conventional primary repair of large to massive rotator
cuff tears. Additionally, they suggested that xenografts were
structurally inferior and were prone to inflammatory reac-
tions while polypropylene patches were superior in their
structural and functional characteristics; however, they
lacked randomized comparative data to conclusively say so.

CONCLUSION

ARCR has become a reproducible and reliable orthopaedic
procedure over the past 3 decades. The transition from open
to arthroscopic rotator cuff surgery was made possible by a
bidirectional collaboration between surgeons and industry.
The developmental process has included technological

advancements in surgical equipment such as suture mate-
rials, anchor materials, and instrumentation, in addition to
repair configurations that allow surgeons to effectively
address a variety of different rotator cuff tear patterns.
As these technical factors were continually refined, they
aimed to recreate the anatomic footprint of the rotator cuff,
leading to the current double-row, knotless, self-reinforcing
repair construct with suture tape and optimized anchors.
Years of innovation in optics, instrumentation, devices, and
technique have led to the development and evolution of the
current ARCR. As the biomechanical and technical aspects
of the procedure are continually enhanced, the future of
ARCR seems to be centered on elucidating the best use of
orthobiologics as a relevant enhancement for tendon heal-
ing and improved patient outcomes.
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