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Single-Row Suture Anchor Repair of the Rotator Cuff is
Biomechanically Equivalent to Double-Row Repair in a

Bovine Model

Andrew Mahar, M.S., Jeffrey Tamborlane, M.D.†, Richard Oka, M.S., James Esch, M.D.,
and Robert A. Pedowitz, M.D., Ph.D.

Purpose: The purpose of this study was to determine biomechanical differences in cyclic elongation
and ultimate strength between double-row rotator cuff repair and single-row repair for partial rotator
cuff repairs. Methods: We randomly assigned 18 immature bovine specimens (aged 12 to 16 weeks)
to 3 repair groups (6 per group). A 1 � 2–cm defect was created at the infraspinatus tendon insertion
site. Two suture anchors were implanted 1 cm apart at the anatomic insertion area for the lateral row.
Two suture anchors were implanted 1 cm medial to the lateral row and 1 cm apart from each other
for the medial row. Repair groups were constructed as follows: single-row repair with double-loaded
suture anchors (group 1), double-row repair with single-loaded medial row and double-loaded lateral
row (group 2), and double-row repair with single-loaded medial row and single-loaded lateral row
(group 3). Specimens were cyclically loaded from 10 N to 90 N for 500 cycles and then loaded at
0.5 mm/s to failure. Data for cyclic elongation, with loads at 3 mm, 5 mm, and 10 mm, were analyzed
via a 1-way analysis of variance (P � .05). Results: There were no significant differences for peak
elongation after cyclic loading between groups. There were no significant differences between repair
groups for loads at 3 mm, 5 mm, and 10 mm of elongation. Constructs typically failed by knot
slippage (83%), with a single sample having tendon-suture failure (17%). Conclusions: Double-row
repair did not show a biomechanical advantage compared with single-row repair. With this result in
mind, the theoretic advantage of a potentially larger footprint must be balanced against the added
surgical time, complexity, and cost of double-row repair. Clinical Relevance: Arthroscopic surgeons
should choose the best form of fixation for a given patient, without undue emphasis on single-row
repair versus double-row repair. The clinical and biologic impact of footprint restoration was not
addressed in this study. Key Words: Arthroscopic rotator cuff repair—Double row—Single-tendon
tear—Suture anchors—Biomechanical stability.
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rthroscopic rotator cuff repair techniques con-
tinue to evolve. Recent reports have shown the

esults of arthroscopic rotator cuff repairs to be as
ood, if not better than, the results of open rotator cuff
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1266 A. MAHAR ET AL.
However, concerns still exist regarding the efficacy
f arthroscopic rotator cuff repair. Galatz et al.3 re-
ently reported the results of 18 patients who had
omplete arthroscopic rotator cuff repairs of tears
easuring greater than 2 cm. The patients showed

xcellent clinical results despite 17 of 18 having re-
urrent tears at 1 year of follow-up. Clinical results
eteriorated at a minimum follow-up of 2 years.
preleva et al. studied the restoration of the supraspi-
atus footprint by 4 different rotator cuff repair types.4

y use of human cadavers and a 3-dimensional digi-
izer, they found that single-row suture anchor repairs
estored only 67% of the original supraspinatus foot-
rint whereas transosseous simple suture repairs re-
tored 85% of the footprint. They concluded that res-
oration of the original insertion of the rotator cuff
ould provide a larger area for healing and this could

mprove long-term mechanical strength and function.
herefore attention should be given to the ability of
procedure to restore the original tendon insertion

ite.
In an attempt to improve results of arthroscopic

otator cuff repairs, Burkhart and Lo1 described a
echnique using a double row of suture anchors. The
echnique involved the use of a medial and lateral row
f suture anchors to better approximate the original
otator cuff footprint. The medial suture anchors were
ied with a mattress configuration, and the lateral
uture anchors were tied with a simple configuration.
hey concluded that using a double-row repair may

esult in greater strength and improved rotator cuff
ealing.
Recent biomechanical tests have proven inconclu-

ive as to whether the double-row technique is better
han,5,6 or equal to,7 the single-row construct for com-
lete tears. An important element of experimental
tudy design in this area includes the use of a
ompletely detached cuff apparatus (modeling a
ear of all 4 tendons of the cuff) versus examination
f limited cuff detachment (modeling an isolated
ear of a single cuff tendon). These design alterna-
ives may explain some of the discrepancy observed
n the literature.

The purpose of this investigation was to compare
he performance of the double-row repair technique
gainst single-row repairs for a single-tendon tear
odel subjected to cyclic loading and failure tests.
ur hypothesis was that arthroscopic double-row re-
air would have greater resistance to elongation and

igher failure loads compared with single-row repair.

F
r

METHODS

Eighteen immature bovine shoulders (aged 12 to 16
eeks) were sectioned at the mid humerus and

leaned of all soft tissues excluding the infraspinatus
endon. This model has been used previously to eval-
ate various methods of rotator cuff repair.8,9 A scal-
el was used to create a 1 � 2–cm defect at the tendon
nsertion (1 cm in line with the tendon fibers and 2 cm
n transverse width), as used previously for in vitro
iomechanical investigations (Fig 1).10,11 Each cuff
efect was repaired under direct vision. Arthroscopic
uture-passing and knot-tying were not used so as to
inimize variability related to these factors and to

ocus attention on the specific variables of concern
repair configuration). One sports medicine fellow-
hip–trained orthopaedic surgeon (J.T.) performed all
epairs using Smith & Nephew TwinFix metal anchors
Smith & Nephew Endoscopy, Andover, MA) that
ere double-loaded by the manufacturer with No. 2
ltrabraid suture (Smith & Nephew Endoscopy). All

nchors were inserted 45° to the bone surface with the
yelet flush with the bone. Specimens were randomly
ssigned to 3 repair groups (n � 6 per group) and
epaired as described later. An example of the double-
ow technique is shown in Fig 2. The sutures were
ecured with a series of 5 half-hitches while balancing
ension between medial and lateral constructs. The
rst 2 hitches were placed in the same direction,
ollowed by 3 alternating half-hitches. These knot
roups were selected based on surgeon preference at
ur institution.
IGURE 1. Example of cuff defect at tendon insertion with 1-cm
esection in line with fibers and 2-cm transverse resection.
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1267ROTATOR CUFF REPAIR WITH SUTURE ANCHORS
epair Configurations
Group 1: Single Row (Four Sutures Total): In

roup 1, for the lateral row, 2 double-loaded anchors,
ith simple sutures, were used to fix the rotator cuff.
Group 2: Double Row (Six Sutures Total): In

roup 2, for the medial row, 2 single-loaded anchors,
ith mattress sutures, were used to fix the medial

spect of the rotator cuff. For the lateral row, 2 dou-
le-loaded anchors, with simple sutures, were used to
x the lateral aspect of the rotator cuff.
Group 3: Double Row (Four Sutures Total): In

roup 3, for the medial row, 2 single-loaded anchors,
ith mattress sutures, were used to fix the medial

spect of the rotator cuff. For the lateral row, 2 single-
oaded anchors, with simple sutures, were used to fix
he lateral aspect of the rotator cuff.

echanical Testing

The diaphysis of the humerus was potted in a 2-part
poxy resin (Bondo Mar-Hyde, Atlanta, GA) and
xed to the actuator of an MTS 858 servohydraulic

est machine (MTS Systems, Eden Prairie, MN) with
custom-designed rig (Fig 3). The infraspinatus ten-

on was fixed to the load cell via a soft-tissue clamp.
he load cell was rated to �10 kN with 12-bit data
cquisition resolution. The actuator displacement
ransducer was rated to 0 to 100 mm with similar data
cquisition resolution. This mechanical configuration
as been used previously and found to be structurally
ound beyond 1,000 N.8,9 Care was taken to preserve

IGURE 2. Example of double-row repair technique via single-
uture fixation.
he anatomic orientation and loading axis of the ten-
y
r

on. The specimen was preloaded to 10 N with the
ctuator displacement transducer set to 0 mm. The
retension was applied for 2 minutes before cyclic
oading. Each specimen was cyclically loaded from 10

to 90 N at 1 N/s for a maximum of 500 cycles and
hen, if still intact, loaded at 0.5 mm/s to failure. The
oading direction was in line with the tendon and
erpendicular to the angle of anchor insertion. Gap
ormation at the repair site was measured directly with
igital calipers accurate to within 0.01 mm (Chicago
rand, Chicago, IL). The number of cycles to 3 mm of
ap formation, measured by direct visualization, was
ecorded. Data for force (in Newtons) and displace-
ent (in millimeters) were recorded at 10 Hz for the

uration of the test. The load at 3 mm, 5 mm, and 10
m of elongation was calculated during the failure

est. The location and mode of failure after testing
ere recorded and identified by direct visualization.
ata regarding the number of cycles to the predeter-
ined 3-mm elongation and loads at the prescribed

longation points were compared by use of a 1-way
nalysis of variance (P � .05) with a Tukey post hoc
orrection test for multiple comparisons.

RESULTS

During cyclic loading, group 1 had 2 specimens
each 3-mm failure at a mean of 90.5 � 116.67 cycles.
roup 2 had 1 specimen reach 3-mm failure at 224

ycles. Group 3 had 3 specimens reach 3-mm failure
t a mean of 253.33 � 99.40 cycles. Because group 2
ad a single specimen that reached 3 mm, statistical
ests were not used on these specific data.

IGURE 3. Mechanical testing setup in which the humeral diaph-

sis is rigidly fixed to the machine actuator and a soft-tissue clamp
igidly fixes and distributes load directly to the repaired tendon.
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1268 A. MAHAR ET AL.
The peak-to-peak elongation data from cyclic load-
ng (cycle 1 to cycle 500) were not significantly dif-
erent between groups. At the end of the cyclic loading
rotocol, group 1 had the greatest elongation (3.07 �
.68 mm) whereas group 2 had the lowest elongation
2.47 � 0.64 mm), with group 3 roughly halfway
etween (2.86 � 0.87 mm).
There were no significant differences in loads re-

uired to induce the 3 elongation levels between
roups (Table 1). As expected, increasing elongation
equired a concomitant increase in applied load (Fig 4).
n terms of the mode of ultimate failure, group 1 failed
y knot slippage and suture loosening in 66% of
pecimens whereas fixation failure at the tendon-su-
ure interface occurred 33% of the time. Group 2
ailed exclusively by knot slippage and suture loosen-
ng. Group 3 failed primarily by knot slippage and
uture loosening (83%), with a single sample (17%)
ailing at the tendon-suture interface.

DISCUSSION

This study showed no significant biomechanical
ifferences between the repair groups tested when
xing a single-tendon rotator cuff tear. These results
re contrary to our original experimental hypothesis,
lthough some important design issues should be dis-
ussed. Our experimental model used young and rel-
tively robust bovine tissues. A major advantage of
his model is the consistency of rotator cuff dimen-
ions and tissue quality, which helps from the perspec-
ive of experimental consistency. These tissue charac-
eristics are probably similar to relatively young
uman rotator cuff tendons (e.g., a middle-aged trau-
atic tear) as compared with an older patient popula-

ion with osteoporotic bone or degenerative tendi-
opathy. In addition, by using this particular model,
he common failure modes of anchor pullout and
uture cutting through tendon were eliminated. We
anted to focus our attention on the specific effects of

TABLE 1. Mean Loads With Increasing Elongation
During Failure Testing

Mean Load (N)

3 mm 5 mm 10 mm

roup 1 100.5 � 27.2 281.1 � 44.5 607.7 � 14.9
roup 2 79.5 � 48.6 280.1 � 63.8 567.6 � 83.1
roup 3 95.5 � 65.7 302.9 � 64.4 586.4 � 70.1
ingle-row versus double-row fixation mechanics on
F
i

ingle-tendon cuff repairs, which could be difficult to
ecipher given the wide variability of bone and tissue
uality encountered in elderly human cadaveric tissue.
owever, it is possible that a different pattern of
ndings would be observed with double-row fixation
f more compromised tissues or of complete rotator
uff repairs. However, previous biomechanical studies
sing human cadaveric shoulders have been inconsis-
ent as to which is the best repair construct for biome-
hanical stability.5-7 This biomechanical perspective
oes not address the potential biologic implications of
ootprint restoration on the tuberosity.

Previous studies of single-row versus double-row
iomechanics are not consistent. Costic et al.12 per-
ormed biomechanical testing of single-row versus
ouble-row repairs on human cadavers. They found
o significant difference between the 2 repairs. Exam-
nation of the footprint did show a 90% restoration
ith the double-row repair, whereas the single row
nly restored approximately 40% of the footprint.
illett et al.13 described a surgical technique using 2

nchors connected by a suture termed the mattress
ouble-anchor footprint repair. Linking of the an-
hors requires use of an anchor with a suture eyelet,
hich is necessary to allow for passage of a suture

oop via No. 2 FiberWire (Arthrex, Naples, FL). Bio-
echanical testing of this repair technique showed no

ifference between the single- and double-row re-
airs.7

Meier and Meier14 compared biomechanical prop-
rties of single-row, double-row, and transosseous re-
air configurations of rotator cuff tears in human
adavers. They found that the double-row repair was
ignificantly stronger than the single-row and trans-
sseous repairs. They also reported that the double-
ow repair had significantly less motion at the repair
IGURE 4. Forces at increasing elongation. Note that with increas-
ng elongation, each repair requires a concomitant increase in load.
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1269ROTATOR CUFF REPAIR WITH SUTURE ANCHORS
ite compared with the single-row and transosseous
epairs.14 Kim et al.5 tested single-row versus double-
ow repairs using human cadaveric shoulders. They
ound the double-row repair to be significantly stron-
er and stiffer than the single-row repair. Ma et al.6

ompared the biomechanical properties of single-row,
rthroscopic Mason-Allen suture, massive cuff stitch,
nd double-row repair. In this study, double-row re-
air had a significantly higher ultimate tensile load to
ailure than the single-row and arthroscopic Mason-
llen groups but was not stronger than the massive

uff stitch configuration. Sugaya et al.15 retrospec-
ively compared single-row versus double-row arthro-
copic rotator cuff repair in 80 patients. They com-
ared functional outcomes and structural outcomes
etween the 2 groups. The functional outcomes, which
ere based on the University of California, Los An-
eles and American Shoulder and Elbow Surgeons
houlder scores, did not show significant differences
etween the 2 groups. Structural outcomes were based
n follow-up magnetic resonance imaging results.
heir results showed the double-row repairs to have
ignificantly greater cuff integrity than the single-row
epairs.

There are some important technical issues and de-
ign limitations that affect interpretation of our study.
lthough this study used a sample size similar to that
sed in previous studies,7-9 it did not achieve a statistical
ower above 0.8 for comparisons between groups. In
ther words, with a greater sample size, statistical
ifferences might have been shown. However, even if
tatistical differences were established, it is unlikely
hat those differences would have substantial clinical
mpact, given the small absolute differences in all of
he parameters measured in our study.

Some of the variability in our observed data could
ave been related to subtle differences in suture ten-
ion during knot-tying and thus could have been tech-
ique-dependent. However, this mimics the reality of
he surgical condition. We did note that with repair of

single-tendon tear with this model, slight overlap
ould be created at the margins between the intact
endon and the torn tendon at the medial and lateral
dges (a very subtle “dog ear”). Thus, during initial
ension, the suture loops withstand 100% of the input
tress, and then with subsequent loading, the medial
nd lateral margins probably settle to achieve load-
haring with the adjacent intact tendon. In addition,
ot only is the tension at which the sutures are tied an
ssue, but where they are placed in the tendon is also
n issue. If the spacing between the medial and lateral

ows in the tendon is greater than the anchors in bone,
hen both the medial and lateral sutures do not see load
ntil the medial row has begun to fail. This may be a
ritical biomechanical difference between a single-
endon tear versus a multiple-tendon tear configura-
ion. However, isolated supraspinatus tears are very
ommon in human patients, making experimental ex-
mination of single-tendon tears clinically relevant.

If one is to believe that 3 mm of tissue separation
ay prevent biologic healing of the cuff, then the

ifferences between group 1 and group 2 for cyclic
longation may be clinically relevant. Although we
id not find biomechanical differences in elongation
etween group 1 (3.07 � 1.68 mm) and group 2 (2.47 �
.64 mm), the 0.6-mm difference between groups may
how a clinical effect on biologic healing and func-
ional outcomes. These were not addressed in this in
itro study, however.

CONCLUSIONS

On the basis of our experimental results, it is not
lear whether there are major purely biomechanical
dvantages of a double-row rotator cuff repair. Dou-
le-row repair did not show a biomechanical advan-
age compared with single-row repair. With this
esult in mind, the theoretic advantage of a poten-
ially larger footprint must be balanced against the
dded surgical time, complexity, and cost of dou-
le-row repair. Despite these considerations, there
ay be clinical situations in which double repair is

oth feasible and advantageous, and surgeons
hould strive to optimize repair methods for each
ndividual patient.

In Memoriam: This study was co-authored by Jeffrey
amborlane, M.D. (1972–2007) and the article is now ded-

cated to his memory. We acknowledge his energy, passion,
nd desire for excellence, and we will miss him.
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