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» The vast majority of biomechanical evidence favors double-row
repair and/or transosseous-equivalent double-row repair with respect
to footprint contact area, footprint compression, ultimate load to
failure, and gap formation for full-thickness posterosuperior rotator
cuff tears.

» Studies have documented a lower rate of imaging-diagnosed rotator
cuff retears when traditional double-row repair is compared with
traditional single-row repair types.

» Level-I clinical outcome studies have typically failed to document
a difference between single-row and double-row repairs in terms of
clinical outcome measures; however, these studies are often under-
powered and therefore at high risk of having a type-II error.

» The authors recommend performing a transosseous-equivalent
double-row repair whenever tissue mobility permits.

O
ver the past two decades,
arthroscopic rotator cuff
repair has become one of
the most popular ortho-

paedic surgical procedures because of its
proven ability to diminish pain and im-
prove function in patients with symptom-
atic rotator cuff tears. As a result of this
increasing demand, arthroscopic tech-
niques have evolved rapidly in an effort to
improve structural integrity, biomechani-
cal function, and, ultimately, clinical out-
comes. With the increasing number of
techniques available for the repair of full-
thickness rotator cuff tears, debate has
arisen regarding the clinical superiority of
any one of these methods over the others.

Specifically, this debate has centered on
traditional single-row versus traditional
double-row repair constructs (Fig. 1).
Therefore, the purpose of this article is to
present a critical review of themost relevant
evidence and to provide clinical care rec-
ommendations regarding arthroscopic
single-row versus double-row rotator cuff
repair constructs.

Anatomic Considerations
The rotator cuff represents a confluence
of four tendons that envelop the humeral
head—the subscapularis, supraspinatus,
infraspinatus, and teresminor tendons—all
of which function in synchrony to both
stabilize and compress the humeral head
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within the glenoid fossa and to position
the humerus in space. The rotator cuff
tendons insert into a strong, layered
fibrocartilaginous tissue matrix that
makes up the footprint, or the enthesis,
of the rotator cuff. This fibrocartilaginous
tissue is designed to prevent tendon-
footprint overloading that may ulti-
mately result in avulsions and/or
tears1.

Nevertheless, rotator cuff tears can
still occur as a result of various intrinsic
and/or extrinsic factors, necessitating
repair of the avulsed tendon insertion
to restore shoulder function. Although
a repaired tendon insertion is known
to be biomechanically inferior to the
native insertion, healing of the anatomic
insertion is important—regardless of
whether a single-row or double-row
technique is used—in order to alleviate
pain and restore function. Therefore, a
thorough understanding of rotator cuff
anatomy is critical to recognizing com-
mon tear patterns and thus choosing
the ideal repair construct that will ade-
quately restore the rotator cuff footprint
and result in favorable outcomes2. This
is especially true for the more common
posterosuperior cuff tears, as this is the
area where the controversy between

traditional single-row and double-row
repair exists.

The greater tuberosity has been
described has having three insertional
facets (superior, middle, and inferior)
upon which the supraspinatus, infra-
spinatus, and teres minor tendons at-
tach. The supraspinatus tendon inserts
upon the most anterior aspect of the
superior facet. Moving posteriorly, the
fibers of the supraspinatus eventually
blend with those of the infraspinatus on
the middle facet, creating difficulty in
identifying the interval between the two
tendons. As the contribution from the
supraspinatus tendon diminishes, the
middle facet then contains tendon fibers
solely arising from the infraspinatus
muscle. The teres minor inserts upon
the most inferior facet of the greater tu-
berosity and is only involved in the repair
of massive rotator cuff tears.

Reported dimensions of the indi-
vidual footprints of the posterosuperior
cuff tendons have been inconsistent to
date (Table I)3-9. Dugas et al.6 quanti-
fied the insertional anatomy of the pos-
terosuperior cuff in both the sagittal and
coronal planes. In their study, the most
medial aspect of each tendon insertion
was consistently,1 mm lateral to the

articular margin. In addition, no corre-
lation was found between the size of
the humeral head and the dimensions of
the insertion sites.

Curtis et al.8 also described the
insertional dimensions of the postero-
superior cuff. The coronal lengths
reported by Curtis et al.8 are approxi-
mately double those reported earlier by
Dugas et al.6, whereas their respective
sagittal lengths are similar. Since both
studies reported that the medial edge
of the footprint arose just lateral to the
articular margin, it is possible that dif-
ferences in coronal lengths may be due
to differences in measurements regard-
ing the lateral extension of each tendon
insertion.

More recently, Mochizuki et al.9

also described the dimensions of the
posterosuperior cuff, specifically noting
much smaller insertional dimensions
of the supraspinatus compared with
what had previously been reported.
The footprint was described as a right
triangle, with the base of the triangle
along the humeral articular cartilage and
the height of the triangle bordering the
bicipital groove (Fig. 2). This difference
is most likely due to subtraction of the
joint capsule insertion, which can be

Fig. 1
Traditional single-row suture configuration utilizes two lateral anchors tied in a simple stitch pattern (Fig. 1,A). Traditional double-
row suture configuration utilizes an additional medial row of anchors with mattress stitches (Fig. 1, B).
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up to 4.5 mm in coronal width. Sur-
prisingly, in their dissection of 113 ca-
daveric shoulders, 21%of supraspinatus
tendons had a small area of insertion
on the lesser tuberosity, contributing to
the roof that covers the bicipital groove.

Mochizuki et al.9 also reported
the insertional dimensions of the infra-
spinatus and found it to be much larger
than previously reported. Of note, the
investigators found that the infraspina-
tus footprint extended anterolaterally
to the posterior edge of the bicipital
groove. This anterolateral extension
suggests that involvement of the infra-
spinatus tendon in rotator cuff tearsmay
be more common than has previously
been reported10.

Single-Row Versus Double-Row
Repair: Biomechanical Evidence
After repair of the rotator cuff footprint,
tendon healing initially begins with the

formation of fibrovascular tissue between
the substance of the repaired tendon
and the osseous footprint11. With time,
osteoblasts lay woven bone that extends
into this fibrovascular interface, even-
tually evolving into a continuous fibrous
matrix containing tendon, bone, and
scar tissue that anchors the tendon sub-
stance into the osseous infrastructure12.
The potential for healing relies upon
adequate footprint contact area and
compression of the repair construct to
aid in the formation of this fibrous tissue
matrix; therefore, repair techniques
that improve footprint contact and
pressure are thought to improve the
structural integrity of the healed repair.

Footprint Contact Area
Restoration of footprint contact area is
necessary to prevent retears or healing
failure after rotator cuff repair13. Several
biomechanical studies have found that

double-row repairs result in substan-
tially increased contact area when com-
pared with single-row repairs. Tuoheti
et al.14 found double-row repairs to
improve contact areas by as much as
60% over single-row repairs. Using
three-dimensional mapping, Meier
and Meier15 found that double-row
constructs restored 100% of the native
footprint whereas the single-row tech-
nique restored only 46% of the native
footprint. Mazzocca et al.16 also found
that double-row repairs resulted in sig-
nificantly improved contact areas over
single-row repairs.

Footprint Compression
Extrapolating from data from the knee,
compression of the tendon to bone
may theoretically facilitate increased
quality and quantity of tendon-to-bone
healing11,17. Park et al.18 postulated that
these results could be applied to repair

TABLE I Reported Dimensions of the Posterosuperior Cuff Insertion*

Footprint Dimensions†

Author, Year Supraspinatus Infraspinatus

Minagawa et al.3, 1998 NR3 22.5 NR3 14.1

Roh et al.4, 2000 NR3 21.2 NR

Volk and Vangsness5, 2001 27.93 NR NR

Dugas et al.6, 2002 12.73 16.3 13.43 16.4

Ruotolo et al.7, 2004 NR3 25 NR

Curtis et al.8, 2006 233 16 293 19

Mochizuki et al.9, 2008 6.93 12.6 10.23 32.7

*NR = Not reported. †Mean coronal length3mean sagittal length in mm.

Fig. 2
Posterosuperior cuff insertion sitesasdescribedbyMochizuki
et al.9. (Reproduced from Mochizuki T, Sugaya H, Uomizu M,
Maeda K, Matsuki K, Sekiya I, Muneta T, Akita K. Humeral
insertion of the supraspinatus and infraspinatus. New
anatomical findings regarding the footprint of the rotator
cuff. Surgical Technique. J Bone Joint Surg Am. 2009Mar 1;91
Suppl 2 Pt 1:1-7.)
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of the rotator cuff tendons such that
increased tendon-footprint compression
may result in improved healing after
rotator cuff repair. A follow-up study
by Park et al.19 evaluated the footprint
contact characteristics for various single-
row and double-row suture config-
urations. Using pressure monitors to
measure contact pressures over the su-
praspinatus footprint, they found that
single-row constructs repeatedly pro-
vided less footprint compression forces
than double-row constructs did.

Ultimate Load to Failure
Repairs must also withstand the forces
that are typically applied to the rotator
cuff tendons with postoperative rehabil-
itation. Hughes and An20 measured the
maximal contraction forces exerted by
the normal supraspinatus and infraspi-
natus tendons. In abduction and external
rotation, the supraspinatus exerted a force
of approximately 175 N whereas the in-
fraspinatus exerted a force of greater than
900 N. These results have important
implications in rotator cuff repairs: those
tears that extend into the infraspinatus
tendon will exert a much greater force on
the repair construct in the early postop-
erative period than will those that are
isolated to the supraspinatus tendon.

Several biomechanical studies have
evaluated the ultimate load-to-failure
of various rotator cuff repair constructs.
Waltrip et al.21 used cyclic loading to
compare single-row and double-row
construct strength. In their study,
single-row repair with simple sutures
failed after a mean of 1414 cycles as
compared with the double-row repair,
which failed after a mean of 3694 cycles.
Gerber et al.22 found a 23% increase in
ultimate load to failure in double-row
repairs (336N) versus single-row repairs
(273 N). Smith et al.23 found a 42% in-
crease inultimate load to failure after cyclic
loading in double-row repairs (320 N)
versus single-row repairs (224 N). Simi-
larly, Kim et al.24 found a 48% increase in
ultimate load-to-failure in double-row re-
pairs versus single-row repairs. The limi-
tations of these studies arise from the fact
that the testing methods of each study

involved a single loading vector. Ahmad
et al.25 followed by evaluating the strength
of different suture configurations at vari-
ous angles of humeral abduction and ro-
tation. They also found that double-row
repairswere stronger in all testedpositions.

Maximum strength of the repair
construct is most important in the im-
mediate postoperative period, before
healing has taken place. Mazzocca
et al.16 found that a time-zero load to
failure of greater than 250 N can with-
stand rehabilitationwithpassive range of
motion. However, no minimum repair
strength has been critically assessed with
regard to healing rates and/or retear rates.

Gap Formation
The potential for gap formation—the
development of increased space between
the tendon-bone interface—is also a
predictor of poor rotator cuff healing
owing to decreased repair strength and
decreased footprint compression. Smith
et al.23 found that gap formation after
static loading was more frequent after
single-row repairs than after double-row
repairs. Kim et al.24 found that single-
row repairs resulted in a gap of 7.64mm
compared with double-row constructs,
which resulted in a gap of 3.58 mm.
Milano et al.26 also found that double-
row repairs were more resistant to gap
formation than single-row repairs were.
More recently, it was shown in one
model that the number of suture passes
through the tendon was the most im-
portant determinant for gap formation
and load to failure regardless of whether
a single-rowordouble-rowtechniquewas
used27,28. Therefore, the reported differ-
ences in gap formation between single-
row and double-row repair may be
attributed to the increased number of
suture passes required to complete a double-
row repair, thus resulting in decreased
gap formation with this repair type.

Single-Row Versus Double-Row
Repair: Clinical and Structural
Outcomes
In response to the volume of biome-
chanical evidence favoring double-row
repair, several Level-I and Level-II

studies have compared clinical and
structural outcomes after single-row
and double-row rotator cuff repair
(Table II)29-38. Most of these studies
have been unable to detect any signifi-
cant differences between either tech-
nique. Of importance, however, many
of these studies were either underpow-
ered or were conducted without a power
calculation, placing themat risk for type-
II error where differences between
single-row and double-row groups may
have been reported as insignificant
when, in fact, they were significant.
A systematic review and meta-analysis
of the seven Level-I randomized trials
comparing single-row versus double-
row repair was recently conducted at
our institution39. Using the relative
risk ratio found in this meta-analysis,
a sample size of 340 shoulders (170
shoulders per group) would be required
for a future randomized trial to achieve
80% power to compare retear rates be-
tween single-row and double-row treat-
ment groups. No Level-I study comes
close to these numbers, suggesting that
these studies may be underpowered.

Our recent meta-analysis39 did
not reveal any significant differences in
outcomes scores between single-row and
double-row repair. However, we did find
a significant increase in the relative risk of
imaging-proven retears in the single-row
group as compared with the double-row
group (relative risk, 1.76 [95% confi-
dence interval (CI), 1.25 to 2.48]; p =
0.001). The majority of this difference
was attributed to thehigher rateof partial-
thickness retears after single-row repairs
(relative risk, 1.99 [95% CI, 1.04 to
3.82]; p = 0.039). Because this increased
rate of retears in the single-row group did
not correlate with a difference in out-
comes scores, it was concluded that these
retears must have been asymptomatic at
the time of the individual studies or un-
detectable by the utilized outcomes scor-
ing systems (American Shoulder and
Elbow Surgeons [ASES] scores40, Uni-
versityofCalifornia-LosAngeles [UCLA]
scores41, andConstant-Murley [Constant]
scores42) after a mean 23.2-month
follow-up period. Because single-row
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repairs typically do not cover the entire
greater tuberosity footprint, it is possible
that these “retears”may simply represent
an alteration in anatomy of the

posterosuperior cuff tendons. In addi-
tion, suture anchors at the tendon-bone
interface may interfere with the distinc-
tion between partial-thickness tears and

surgical artifacts on postoperative
imaging, especially since single-row re-
pairs have been shown biomechanically
to increase tendon-bone gapping.

TABLE II Summary of Level-I and Level-II Studies Comparing Single-Row and Double-Row Rotator Cuff Repair Techniques

Characteristics and Relevant Findings of Level-I and Level-II Studies Comparing Single-Row and Double-Row Rotator Cuff Repair*

Study
Number of
Shoulders

Level of
Evidence

Tear Length
(sagittal plane)

Follow-Up
(months) Assessed Outcomes Relevant Findings

Gartsman
et al.29

(2013)

83 (40 SR,
43, DR)

I SR:,2.5 cm
DR:,2.5 cm

SR: NR
DR: NR
Mean: 10
(range, 6-12)

Subjective: NR
Objective: NR
Imaging: ultrasound

SR had increased retear
rate (25%) compared with
DR (7%) (p = 0.024)

Carbonel
et al.30

(2012)

160 (80 SR,
80 DR)

I SR: 1-3 cm in 51
SR: 3-5 cm in 29
DR: 13 cm in 53
DR: 3-5 cm in27

SR: 24
DR: 24
MRI SR: 24
MRI DR: 24

Subjective: ASES, UCLA,
Constant Objective: SSI,
range of motion
Imaging: MRI

DR had better outcomes
scores (except Constant
score) in tears 3-5 cm
DR had improved range of
motion and SSI in tears
1-3 cm

Lapner
et al.31

(2012)

80 (40 SR,
40 DR)

I SR: 1.89 cm
DR: 2.38 cm

SR: 24
DR: 24
MRI SR: 24
MRI DR: 24

Subjective: ASES, WORC,
Constant Objective:
strength (in kg)
Imaging: MRI and/or
ultrasound

SR had higher retear rate
Smaller initial tear sizes had
better “healing rate”
Those with retears had
larger initial tear size
Those with retears had
decreased strength at final
follow-up

Koh et al.32

(2011)
71 (37 SR,
34 DR)

I SR: 1.72 cm
DR: 1.75 cm

SR: 31.0
DR: 32.8
MRI SR: 27.4
MRI DR: 27.6

Subjective: ASES, UCLA, VAS
Objective: range of motion
Imaging: MRI

DR had improved internal
rotation
SR had higher retear rate
Nodifferences in outcomes
scores

Burks et al.33

(2009)
40 (20 SR,
20 DR)

I SR: 1-3 cm in 18
SR.3 cm in 2
DR 1-3 cm in 15
SR.3 cm in 5

SR: 12
DR: 12
MRI SR: 12
MRI DR: 12

Subjective: ASES, UCLA,
Constant, SANE, WORC
Objective: range ofmotion,
strength (in Nm)
Imaging: MRI

No differences in clinical or
radiographic outcomes

Grasso
et al.34

(2009)

80 (40 SR,
40 DR)

I SR: 1.56 cm
DR: 1.61 cm

SR: N/R
DR: N/R
Mean 24.8

Subjective: DASH, Constant
Objective: Strength (in lbs)
Imaging: NR

Nodifferences in outcomes
scores

Franceschi
et al.35

(2007)

60 (30 SR,
30 DR)

I SR: 3-5 cm in 18
SR:.5 cm in 8
DR: 3-5 cm in21
DR:.5 cm in 5

Mean: 22.5 Subjective: UCLA
Objective: range of motion
Imaging: magnetic
resonance arthrogram

No differences in clinical or
radiographic outcomes

Ma et al.36

(2012)
53 (27 SR,
26 DR)

II SR:,3 cm in 19
SR:.3 cm in 8
DR:,3 cm in17
DR:.3 cm in 9

SR: 33.3
DR: 33.5

Subjective: ASES, UCLA
Objective: strength (in kg)
Imaging: magnetic
resonance arthrogram

DR had improved strength
in tears.3 cm
No difference in outcomes
scores
Nodifference in retear rates

Charousset
et al.37

(2007)

66 (35 SR,
31 DR)

II N/R SR: 27.6
DR: 28.7

Subjective: Constant,
Satisfaction Objective: NR
Imaging: computed
tomography arthrogram at
6 months

SR had increased retear rate
No differences in outcomes
scores

Park et al.38

(2008)
78 (40 SR,
38 DR)

II SR:,3 cm in 25
SR:.3cm in 15
DR:,3 cm in21
DR:.3 cm in17

Mean: 25.1 Subjective: ASES, Constant
Objective: SSI
Imaging: NR

DR had improved ASES,
Constant, and SSI in tears
.3 cm
Nodifferences in outcomes
scores when all tears
considered

* SR = single-row; DR = double-row; NR = not reported; MRI = magnetic resonance imaging; ASES = American Shoulder and Elbow Surgeons score; UCLA =
University ofCalifornia-LosAngeles score; Constant=Constant-Murley score; SSI= shoulder strength index; VAS=visual analog scale; SANE=SingleAssessment
Numeric Evaluation; WORC = Western Ontario Rotator Cuff score; and DASH = Disabilities of the Arm, Shoulder and Hand score.
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Another potential hypothesis is
that a two-year follow-up may not be
sufficient to capture those in whom
asymptomatic retears have not yet pro-
gressed to symptomatic retears.
Mall et al.43 followed 195 patients with
asymptomatic rotator cuff tears and
found that only 23% (forty-four of 195)
became symptomatic two years after
study enrollment. Yamaguchi et al.44

followed forty-five patients with asymp-
tomatic rotator cuff tears via ultrasound
and found that the majority of patients
(twenty-three of forty-five; 51%) be-
came symptomatic a mean of 2.8 years
after study enrollment. These results
suggest that patients with imaging-
proven asymptomatic retears may re-
quire more than two years to develop
clinical symptoms. As most studies only
report outcomes scores as much as two
years postoperatively, patients with
imaging-proven retears may develop
clinical symptoms and worsening out-
comes scores if longer-term follow-up
is implemented. However, it must be
noted that the source of symptomatol-
ogy may be different in those who have
been treated nonoperatively compared
with those who have been treated
operatively.

A Level-IV retrospective study by
Denard et al.45 compared the clinical
outcomes after single-row versus
double-row repair in a series of 107
shoulders (sixty-two in the single-row
group and forty-five in the double-row
group) with a minimum five-year
follow-up. In their study, double-row
repair was 4.9 timesmore likely to result
in a good or excellent outcome after
repair of large to massive rotator cuff
tears (p = 0.021). This is the only longer-
term study comparing outcomes after
single-row and double-row repair and
suggests that two-year follow-up may
not be adequate to detect clinical
differences between single-row and
double-row repair, especially since many
Level-I and Level-II studies have failed
to demonstrate differences in clinical
outcomes between single-row and
double-row repair techniques after
a minimum two-year follow-up.

Although clinical and structural
outcomes may prove to be clinically
relevant with time, initial tear size also
appears to be an important factor related
to clinical outcomes. In a Level-II trial,
Park et al.38 compared the clinical out-
comes after single-row versus double-
row repair in a series of seventy-eight
consecutive patients with full-thickness
rotator cuff tears. While there were no
differences in outcomes scores when
all tear sizes were considered, stratifica-
tion of two-year outcomes by tear size
revealed significant improvements in
ASES scores, Constant scores, and shoul-
der strength in tears larger than 3 cm2

after double-row repair compared with
the single-row method. Ma et al.36 ran-
domized fifty-three patients to receive
either single-row or double-row repair
in another Level-II trial. They found
that abduction and external rotation
strengthwas significantly improved after
double-row repair as compared with
single-row repair if the initial tear size
was.3 cm in sagittal length. A Level-I
clinical trial by Lapner et al.31 found
decreased retear rates after double-row
repair compared with the single-row
method in patients with smaller
initial tear sizes. In addition, a Level-I
trial by Carbonel et al.30 compared the
clinical outcomes after single-row ver-
sus double-row repair and stratified
their results by initial tear sizes. They
found improved abduction capacity
after double-row repair across all tear
sizes. In larger tears between 3 and 5 cm
in sagittal length, the double-row
method also showed significant im-
provements in ASES (p = 0.032) and
UCLA (p = 0.019) scores when com-
pared with the scores of those who
underwent single-row repair. Thus, it
appears that stratification of both
clinical and structural outcomes
by initial tear sizes may be another ve-
hicle for detecting clinical differences
between single-row and double-row
rotator cuff repair.

Current Techniques
At present, quantifying the clinical
and radiographic differences between

traditional single-row and traditional
double-row repair constructs may have
limited applicability for contemporary
surgeons. Over the past decade, many
surgeons and researchers have begun
experimenting with newer linked
double-row suture and anchor configu-
rations that have been reported to im-
prove tendon-footprint compression
as compared with that achieved with
standard double-row repairs18,19,46,47.
In these newer configurations, the me-
dial suture limbs are preserved and are
passed over the tendon substance and
its footprint onto a distal-lateral row
of anchors. This linked construct, first
described in 200448, has evolved into
a transosseous equivalent technique
(Fig. 3, B), which has become quite
popular in recent years due to its
favorable biomechanical properties,
including tendon-footprint compres-
sion, ultimate load to failure, and gap
formation, in addition to its surgical
reproducibility18,19,48-51. Burkhart
et al.46 also demonstrated the self-
reinforcing properties of these con-
structs and found that grasping strength
improved as the mechanical load was
increased. In addition to these advan-
tages, this configuration allows anchors
to be placed in the best-quality bone
of the greater tuberosity52,53 while also
moving the sutures and anchors away
from the tendon-bone interface where
healing occurs.

More recently, surgeons and re-
searchers have developed knotless
double-row techniques that theoretically
decrease the operative time associated
with arthroscopic knot-tying, thereby
improving the cost-effectiveness of
double-row repair (Fig. 3, C and D).
Compared with techniques that utilize
medial knots, knotless constructs are
also purported to improve blood flow
to the healing tendon54,55. In addition,
these knotless configurationsuse anewer,
wider suture material that is thought
to prevent suture pull-through by dis-
sipating the applied forces over a larger
tendon surface area56. Mall et al.57

conducted a systematic review com-
paring the reported biomechanical
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properties of knotted versus knotless
transosseous-equivalent techniques.
They found that knotless techniques
resulted in increased gap formation

and a decreased load to failure compared
with transosseous-equivalent tech-
niques in which medial knots were tied.
On a few occasions, failure of the

knotless construct has been reported to
be associated with suture slippage58,59.

These biomechanical results
have also been correlated to clinical

Fig. 3
Traditional double-row suture configuration utilizes two lateral anchors tied in a simple stitch pattern along with two medial
anchors tied in horizontal mattress sutures (Fig. 3, A). The transosseous-equivalent technique brings the medial suture limbs over
the tendonsubstanceand inserts theminto the lateral anchors (Fig.3,B). Variations in thewidthof suturematerial anduseofmedial
knots have been described (Fig. 3, C and D). Compared with the transosseous-equivalent technique with medial knots (Fig. 3,D),
knotless transosseous-equivalent techniques with wider suture material (Fig. 3, C) may dissipate forces over a larger tendon area
while also decreasing operative time.

Fig. 4
As a modification to the traditional single-row construct (Fig. 4, A), triple-loaded suture anchors have been developed to increase
the number of suture passes required to secure the tendon back to its footprint (Fig. 4, B).
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outcomes. Vaishnav and Millett60 dem-
onstrated excellent results in a series of
seventeen patients treated with a knot-
less transosseous-equivalent technique.
However, studies by Boyer et al.61 and
Rhee et al.62 both found higher mag-
netic resonance imaging (MRI)-proven
retear rates in their knotless groups
compared with their knotted groups.
Despite the increase in retears in the
knotless groups, there were no differ-
ences in clinical outcomes between
either cohort in either study.

Single-row repairs have also evolved
extensively over the past decade. The
development of double-loaded and
triple-loaded anchors has facilitated the
ability to place more sutures through
the tendon per anchor, thus improving
biomechanical properties (Fig. 4)63.
Many authors have described modified
suture configurations in which a hori-
zontal mattress suture is placed in the
rotator cuff tendon with one or more
simple sutures passed medially, thereby
creating a rip-stop configuration, similar
to a Mason-Allen stitch.

Biomechanically, it appears that
the double-row suture-bridge construct
is stronger than both first-generation
single-row and double-row repairs. Park
et al.18 used a pressure monitor to mea-
sure pressures over the supraspinatus
footprint with three repair techniques.
A 30-N force was applied to the repaired
tendon, and the humerus was placed
in various angles of abduction and
rotation. The double-row transosseous-
equivalent repair had significantly
increased pressure at all angles of ab-
duction and rotation in comparison
with the pressure exerted in standard

double-row and single-row repairs.
Only a few biomechanical studies
have made the comparison between
transosseous-equivalent constructs and
single-row repairs with modified suture
configurations; however, these studies
showed mixed results28,63-65. At pres-
ent, there are no clinical outcomes
studies comparing these newer single-row
and double-row techniques. However,
a Level-I trial by Gartsman et al.29

demonstrated a significantly increased
rate of imaging-proven retears via ultra-
sound after single-row repair compared
with transosseous-equivalent double-
row repair (p = 0.024).

Clinical Care Recommendations
Overwhelming, biomechanical evi-
dence suggests that double-row repair
is structurally superior to single-row
repair; however, this difference has
not translated into an improvement in
clinical outcomes scores thus far.

Despite the lack of evidence re-
garding the clinical superiority of
double-row repairs, surgeons have
already begun to perform modified
double-row techniques such as
transosseous-equivalent repairs with or
without medial knots. The rationale
behind this movement involves the
improved tendon-footprint compres-
sion and operative efficiency that is
achieved with these newer constructs as
compared with those achieved with the
standard double-row suture-anchor
repair method.

Due to the numerous biome-
chanical advantages of the transosseous-
equivalent techniques, the authors
choose to perform double-row

transosseous-equivalent repair (with or
without medial knots) whenever possi-
ble, especially in medium to large-size
tears (Table III). In smaller full-
thickness tears, this type of repair may
not be necessary to achieve adequate
footprint coverage and compression.
However, it appears that even in smaller
tears, imaging-proven retears may be
higher after single-row repair29-31.
Therefore, we prefer to perform double-
row transosseous-equivalent repair even
in tears,3 cm in sagittal length. In
massive, contracted tears, tendon
mobility and quality may be inadequate
to safely perform a double-row
transosseous-equivalent repair, and thus
single-row repair may be necessary in
these cases. Due to very low numbers
reported in the literature, strong clinical
evidence does not yet exist to guide
decisions regarding single-row versus
double-row repairs in massive rotator
cuff tears.

Conclusion
The vast majority of biomechanical ev-
idence favors double-row repair with
respect to footprint contact area, foot-
print compression, ultimate load to
failure, and gap formation. In addition,
numerous studies have documented a
lower rate of imaging-proven rotator
cuff retears when traditional double-
row repair is compared with traditional
single-row repair types. However, in
most clinical outcome studies to date,
double-row repair has not yet resulted
in an improvement in clinical out-
comes. Longer-term studies that are
appropriately powered to show a
difference between groups are required

TABLE III Clinical Care Recommendations

Tear Size Recommendation Grade of Recommendation*

,3 cm Double-row transosseous-equivalent repair B

3 to 5 cm Double-row transosseous-equivalent repair A

Massive (.5 cm) Double-row or single-row repair I

*A: Good evidence (Level-I studies with consistent findings) for or against recommending intervention. B: Fair evidence (Level-II or III
studies with consistent findings) for or against recommending intervention. C: Conflicting or poor-quality evidence (Level-IV or V
studies) not allowing a recommendation for or against intervention. I: There is insufficient evidence to make a recommendation.

| Ar th ro s c op i c S ing l e -Row Ver su s Doub l e -Row Repa i r f o r Fu l l -Th i c kne s s Po s t e r o supe r i o r Ro ta t o r Cu f f Tea r s

8 JULY 2014 · VOLUME 2, ISSUE 7 · e6



before definitive conclusions can be
made. Recently, modified double-
row repairs, including various
transosseous-equivalent configurations,
have been adopted due to the volume of
biomechanical evidence showing their
improved tendon-footprint compres-
sion. Therefore, we prefer to perform
double-row transosseous-equivalent
repairs (with or without medial knots)
whenever possible, especially in
medium to large-size posterosuperior
cuff tears.

Source of Funding
There was no external funding source
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