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Background: Recurrent defects after open and arthroscopic rotator cuff repair are common. Double-row repair techniques may
improve initial fixation and quality of rotator cuff repair.

Purpose: To evaluate the load to failure, cyclic displacement, and anatomical footprint of 4 arthroscopic rotator cuff repair tech-
niques.

Hypothesis: Double-row suture anchor repair would have superior structural properties and would create a larger footprint com-
pared to single-row repair.

Study Design: Controlled laboratory study.

Methods: Twenty fresh-frozen cadaveric shoulders were randomly assigned to 4 arthroscopic repair techniques. The repair was
performed as either a single-row technique or 1 of 3 double-row techniques: diamond, mattress double anchor, or modified mat-
tress double anchor. Angle of loading, anchor type, bone mineral density, anchor distribution, angle of anchor insertion, arthro-
scopic technique, and suture type and size were all controlled. Footprint length and width were quantified before and after repair.
Displacement with cyclic loading and load to failure were determined.

Results: There were no differences in load to failure and displacement with cyclic loading between the single-row repair and
each double-row repair. All repair groups demonstrated load to failure greater than 250 N. A significantly greater supraspinatus
footprint width was seen with double-row techniques compared to single-row repair.

Conclusions: The single-row repair technique was similar to the double-row techniques in load to failure, cyclic displacement,
and gap formation. The double-row anchor repairs consistently restored a larger footprint than did the single-row method.

Clinical Relevance: The arthroscopic techniques studied have strong structural properties that approached the reported per-
formance of open repair techniques. Double-row techniques provide a larger footprint width; although not addressed by this
study, such a factor may improve the biological quality of repair.
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In the past decade, arthroscopic repair has become a well- outcomes can be maintained.""'**"** A recent retrospec-
established surgical technique for the treatment of com- tive study comparing arthroscopic to mini-open rotator
plete rotator cuff tears. Clinical results have been cuff repairs demonstrated comparable outcome results,
extremely satisfactory in managing small, medium, large, with a decreased incidence of fibrous ankylosis and a trend
and massive rotator cuff tears*®''*!%1%%% Tong term for improved motion with the arthroscopic technique.'®
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after arthroscopic rotator cuff repair was recently report-
ed by Galatz et al.’ They reported an alarming rate of 89%
for recurrent defects. More important, they reported a sig-
nificant deterioration in clinical outcome between the 12-
and 24-month periods after surgery.

Criticisms of the arthroscopic technique have included
the inferior mechanical strength of suture anchor repair,
especially when a simple suture technique is used.>'*'" In
addition, there are reports that the suture anchor tech-
nique restores only 67% of the original footprint of the
rotator cuff compared with the transosseous simple suture
repair, which restored 85% of the surface area.' Yet it has
been suggested that a double-row arthroscopic rotator cuff
repair could reestablish the normal footprint of the rotator
cuff, improve mechanical integrity, and improve healing
with improved clinical outcomes. In a cadaveric study,
Waltrip et al*® demonstrated markedly improved mechan-
ical performance with cyclic loading using a double-row
fixation technique performed in an open fashion.

To our knowledge, there has been no biomechanical
study evaluating various arthroscopic single-row and
double-row rotator cuff repair techniques. The purpose of
this study was to evaluate single-row fixation versus 3 dif-
ferent double-row repairs using a simulated arthroscopic
technique for each repair. The repair footprint, response to
cyclic loading, and ultimate load to failure were measured
for comparison of the 4 methods. Our hypothesis was that
double-row anchor repair would be superior to single-row
repair with regard to reestablishing the supraspinatus
footprint, response to cyclic loading, and ultimate failure
strength.

MATERIALS AND METHODS

Twenty fresh-frozen cadaveric shoulders were used in this
study. The mean age of these specimens was 76.3 years,
with a range from 62 to 90 years. After these specimens
were thawed, bone density was measured (Lunar DXE,
Madison, Wis) at the greater tuberosity in a consistent
manner at a 1 x 1-cm area at the site of anticipated anchor
placement. The deltoid muscle was removed from the
acromion, providing complete access to the coracoacromial
arch, rotator cuff, and glenohumeral joint. The supraspina-
tus tendon and muscle were elevated from the supraspina-
tus fossa and reflected laterally to expose the articular
aspect of the anatomical footprint of the supraspinatus
insertion. Laterally, the bursal surface fibers of the
supraspinatus insertion on the greater tuberosity were
exposed. All footprint measurements were performed by
the same examiner (S.A.S.); the footprint was measured
using a digital caliper (Absolute Digimatic, Mitutoyo Corp,
Kawasaki, Japan), with width and length dimensions cal-
culated to the nearest 0.01 mm. While the supraspinatus
muscle was held in tension in a superior direction, the
width of the footprint at its greatest dimension was meas-
ured by placing 1 limb of the digital caliper precisely on
the articular edge of the intact supraspinatus tendon and
the other arm of the caliper on the lateral bursal-side edge
of the insertion. The anterior and posterior insertions of
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the supraspinatus were exposed in a similar fashion, and
the digital caliper was used to measure the length of the
insertion. This procedure permitted a contact area to be
calculated. Although the supraspinatus footprint does not
represent a true rectangle, these measurements provided
a consistent means to compare the contact areas of the
intact and repaired supraspinatus tendons. The entire
supraspinatus tendon insertion was then released sharply
from the articular margin laterally, and the distal 10 mm
of the supraspinatus tendon was excised to simulate a
rotator cuff defect.>'” After the supraspinatus tendon
insertion was released, the Sharpey fibers outlining the
supraspinatus footprint were exposed. To ensure accuracy
in measuring, the footprint width and length were meas-
ured again.

The specimens were then randomly assigned to 4 differ-
ent arthroscopic repair techniques, single-row repair or 1
of 3 types of double-row fixation. The double-row methods
represented different ways in which the medial anchors
were used in the repair: diamond, mattress double anchor
(MDA), and modified mattress double anchor (MMDA).
These double-row techniques were evaluated because the
diamond technique is simply a lateral row of anchors with
a medial row of anchors and has been described'?; the
MDA and MMDA configurations are double-row tech-
niques currently used by 2 of the authors and have been
reported as arthroscopic techniques.13

Each specimen was potted and secured in an upright
manner simulating the orientation of the shoulder in a
beach-chair position. The shoulders were positioned to
enable a “dry” arthroscopic repair technique to be per-
formed.”” Arthroscopic suture anchors, shuttling devices,
and knot tying were used in all repairs, and all repairs
were performed with 5-mm bioabsorbable corkscrew
anchors (Arthrex Inc, Naples, Fla). Each anchor was
loaded with 2 strands of No. 2 FiberWire (Arthrex Inc),
and each suture anchor had a suture loop as the anchor
eyelet. The nonabsorbable suture was passed in an arthro-
scopic fashion, using the arthroscopic shuttling devices
with various angles of curvature through arthroscopic
clear cannulas (Suture Lasso, Arthrex Inc). The number of
passes of the suture-shuttling instruments (ie, the number
of shuttling maneuvers needed to pass each strand of
suture through the tendon to perform the techniques
described below) was recorded for each procedure.

Single-Row Repair Technique

The single-row repair was performed using 3 biodegrad-
able corkscrew anchors placed approximately 1 cm lateral
to the articular margin in the greater tuberosity. These
were placed at the “dead man’s angle” to maximize pullout.
The first anchor was placed 1 cm lateral to the articular
margin adjacent to the midportion of the tear. Second and
third anchors were placed 10 mm anterior and posterior to
this anchor, respectively. Both strands of No. 2 FiberWire
in each anchor were then shuttled in a typical fashion
using the Suture Lasso loops. Arthroscopic knot tying was
performed using a standard knot pusher with overhand
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Figure 1. The single-row repair technique.

throws, alternating half-hitches and posts to maximize
loop and knot security (Figure 1). These sutures were tied
in a simple suture fashion.

Diamond Repair Technique

The diamond repair technique was performed using 2 lat-
erally based 5-mm bioabsorbable corkscrew anchors, each
loaded with 2 strands of No. 2 FiberWire. In addition, 1
medial anchor was placed just off the articular margin
medial to the lateral 2 anchors. This anchor was also dou-
ble loaded with No. 2 FiberWire passed using a suturing
device as described above; the lateral row of anchors was
repaired using the simple suture technique as previously
described. The medial anchor sutures were passed in a
mattress-type configuration and tied in mattress fashion
(Figure 2).

Mattress Double Anchor Repair Technique

For the MDA repair technique (Millett technique'®), once
again the 2 medial anchors were placed just off the articu-
lar margin. First, a medial anchor was placed with the eye-
let parallel to the articular margin. We used a suture
anchor with a loop of suture as the eyelet, so sliding of the
suture was easier and abrasion was minimized. Although
the anchors used in this study were double loaded, in this
technique only 1 suture is used from each medial anchor.
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Figure 2. The diamond repair technique.

Using the suture shuttling devices described, each limb of
1 suture from the first medial anchor was shuttled in 2
separate passes 5 mm apart with either a suture hook or
a Lasso from the posterior portal or the Neviaser portal.'®
A second anchor was placed laterally approximately 15
mm lateral to the medial anchor. Before placing the lateral
anchor, the limbs of suture were reconfigured in the
anchor." This step was performed on the back table before
insertion. A 5.0 Bio-Corkscrew anchor (Arthrex Inc) was
removed from its inserter. Both limbs of the No. 2
FiberWire were removed from the anchor and looped to
each other, and the suture limbs were passed back through
the eyelet suture loop. All 4 limbs of suture were then
passed back through the anchor inserter; the anchor was
remounted on the inserter and was prepared for insertion
in the greater tuberosity. This anchor was then placed 15
mm lateral to the medial anchor and became the lateral
anchor. One limb of suture from the medial anchor was
brought to either an anterior or posterior cannula that was
empty. Arthroscopically, both limbs of the lead suture of
the lateral anchor were brought out of the same cannula in
which the single limb of the medial anchor resided. By
pulling on these 2 sutures of the lateral anchor, the second
suture was brought through the eyelet as a suture loop
(Figure 3A). While this was continually brought out of the
same cannula in which the single limb from the medial
anchor resided, the suture loop was used to transfer the
single limb from the medial anchor through the lateral
anchor eyelet (Figure 3B). In essence, the sutures in the
lateral anchor had been reconfigured to provide a shut-
tling mechanism to pass a limb of suture from the medial
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Figure 3. A, medial and lateral anchors are placed for mattress double anchor repair (Millett technique13). Note that the lateral
anchor sutures have been reconfigured to prepare the shuttling of the medial suture limb through the eyelet of the lateral anchor.
B, the medial suture has been shuttled through the eyelet of the lateral anchor. C, the completed mattress double anchor repair.

anchor through the eyelet of the lateral anchor. This con-
figuration was tied with a sliding locking knot of prefer-
ence. These steps were then repeated with an additional
medial anchor and lateral anchor (Figure 3C).

Modified Mattress Double Anchor Repair Technique

For the MMDA repair technique (Guanche or “Viking”
technique), the medial anchors were again placed just off
the articular margin. The repair was very similar to the
method described above, except that both sutures in each
medial anchor were used. Using the suture shuttling
devices described, 2 limbs of different suture strands were
shuttled together through the rotator cuff in 2 separate
passes for each medial anchor 5 mm apart. This step was
performed with either a suture hook or a Lasso from the
posterior portal or the Neviaser portal.”® The second
anchor was placed laterally approximately 15 mm lateral
to the medial anchor as mentioned above, with the loops
configured in the anchor loop identically to the MDA tech-
nique. One limb of suture from the medial anchor was
shuttled through the loop in the lateral anchor exactly as
described above. This suture was tied establishing a verti-
cal mattress as above. In the MMDA technique, however,
the second medial suture was tied in a horizontal mattress
medially, providing the arthroscopic equivalent of a modi-
fied Mason-Allen suture® (Figure 4).

Experimental Testing

At the completion of each repair, the contact area (length
and width) of the repaired tendon to the greater tuberosity
was measured with a digital caliper for an assessment of
the repair footprint and was performed as mentioned pre-
viously for the intact tendon. A differential variable reduc-
tance transducer (DVRT strain gauge, Microstrain,
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Figure 4. The modified mattress double anchor repair tech-
nique (Guanche or “Viking” technique). The lateral anchor
sutures are reconfigured as in the mattress double anchor
repair, but a medial mattress suture is added.

Burlington, Vt) was then placed bridging the bone and ten-
don at the repair site to measure displacement (Figure 5).?
Cyclic loading was performed to 3000 cycles at 1 Hz with
an applied 100-N load on a materials testing system (MTS
Systems Corp, Eden Prairie, Minn). The 100-N load was
chosen for several reasons. The force of the rotator cuff has
been estimated to be 9.6 times the weight of the upper
extremity.”” Assuming that an average man weighs
approximately 80 kg and that the supraspinatus repre-
sents one fourth of the maximum rotator cuff contraction,
we deemed a 100-N load to be appropriate. A 180-N load
has been used in other studies, based on an estimated two
thirds of the load of a maximum contraction of the rotator
cuff.>*® We chose a lower load because it has been shown
that the estimated activity of the supraspinatus during
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TABLE 1
General Characteristics”

Double-Row Repair

Variable Single-Row Repair Diamond MDA MMDA
Age,y 74115 70+ 11 81+11 80+ 11
Bone mineral density, g/cm® 0.16 £ 0.11 0.15 £ 0.06 0.16 £ 0.10 0.14 £ 0.04
Intact length, mm 26.26 + 1.21 26.21 +2.19 28.07 + 2.02 26.26 + 0.92
Repaired length, mm 25.14 + 1.04 25.56 + 2.25 23.92 +2.84 21.29 +6.94
Intact width, mm 15.39 £ 0.66 15.52 £ 1.51 15.33 £3.04 14.98 £ 1.38
Repaired width, mm 8.34+1.81° 16.17 £ 1.52 14.79 £ 1.46 15.65 £ 2.25
Intact footprint area, mm?® 404.2 + 33.90 409.27 + 70.50 436.14 + 114.04 392.79 £ 32.6
Repaired footprint area, mm 210.48 + 50.13° 415.85 £ 69.21 354.05 + 56.71 348.28 + 150.72
Cyclic displacement, mm 2.28 + 0.26 2.42 +0.71 2.35+1.25 1.79+1.11
Load to failure, N 287.2 + 27.33 305.0 + 53.21 256.4 + 27.80 289.4 + 102.62
No. of passes through the tendon 6 8 4 8

No. of anchors 3 3 4 4

“Values are given as means + SDs. MDA, mattress double anchor technique; MMDA, modified mattress double anchor technique.

*Indicates statistical significance.

Figure 5. Strain gauge applied for testing displacement.

supine passive forward elevation of the arm is low, and the
intention was to evaluate a simulated passive early
motion rehabilitation program.

Gap formation greater than 4 mm and load to failure
less than 250 N were used as parameters for biomechani-
cal failure.*'” There is no known gap size, verified by
either in vivo animal studies or human clinical studies,
that leads to definite mechanical failure. Previous stud-
ies®*™ have used 5 to 10 mm as a parametric range.

Load to failure was determined at a rate of 31
mm/min.>'” Based on previous biomechanical work on
rotator cuff repair, 250 N was chosen as the minimum
ultimate failure load.**'” This number would represent a
load that could be tolerated with early passive motion dur-
ing rehabilitation after surgery and also a load approach-
ing that achieved with open repairs.**""

Statistical Analysis

Power analysis was performed using the parameters of a
4-mm gap and a 250-N ultimate load to failure as signifi-
cant; it was determined that 20 specimens, with 5 in each
treatment group, would be required.

The cyclic displacement, ultimate load to failure, and
measurements of the footprint were compared using a 1 x
4 analysis of variance and the Tukey-Kramer post hoc test.
Statistical significance was set at P = .05, with B error at
.80.

RESULTS

There were no statistical differences among the groups for
age, sex, or bone mineral density. No differences were
found in the measured footprint width, length, and contact
area of the intact supraspinatus tendon among the 4
groups, and there were no significant differences in the
measured footprint length after repair among the 4 treat-
ment groups. However, the footprint width of the single-
row repair technique (8.34 mm) was significantly less than
those of the double-row anchor techniques. In fact, all 3
double-row techniques established footprint widths that
were statistically equivalent to that of the intact supraspina-
tus tendon. The mean footprint widths for the double-row
techniques were as follows: diamond, 16.17 mm; MDA,
14.79 mm; and MMDA, 15.65 mm. A larger calculated con-
tact area was seen with double-row fixation methods than
with the single-row repair technique (see Table 1).

With cyclic loading of 3000 cycles at 100 N, the single-
row repair displaced 2.28 mm (range, 1.79-2.50 mm), the
diamond technique displacement was 2.42 mm (range,
1.39-3.50 mm), the MDA method displacement was 2.35
mm (range, 1.20-4.60 mm), and displacement for the
MMDA technique was 1.79 mm (range, 0.80-3.69 mm). We
found no significant differences among the groups with
regard to cyclic displacement.
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TABLE 2
Modes of Failure®

Repair Type Age,y Race Sex Cause of Death Mechanism of Failure
Single-row 45 White Female Lung cancer Partial anchor pullout; suture through tendon
Single-row 82 White Male ASCVD Posterior anchor pullout after suture through tendon
Single-row 75 White Female COPD Anchor failure

Single-row 91 White Male ASHD Suture through tendon

Single-row 76 White Male MI Partial anchor pullout; suture through tendon
Diamond 57 White Male Liver failure Tear through tendon proximal to repair
Diamond 57 White Male Liver failure Suture through tendon

Diamond 78 White Female CHF Anchor failure

Diamond 78 White Male MI Suture through tendon and muscle belly
Diamond 81 White Male MI Suture through tendon

MDA 91 White Female Lung cancer Suture through tendon

MDA 67 Black Female COPD Suture through tendon

MDA 96 White Male ASHD Suture through tendon

MDA 72 White Male CHF Suture through tendon

MDA 81 White Female MI Suture through tendon

MMDA 89 White Female CVA Anchor failure

MMDA 91 White Female Lung cancer Suture through tendon

MMDA 81 White Female MI Tendon failure proximal mattress suture
MMDA 78 White Female CHF 1 anchor pullout; 1 suture through tendon
MMDA 59 White Male MI Suture through tendon

“ASCVD, arterial sclerotic cardiovascular disease; ASHD, arterial sclerotic heart disease; CHF, congestive heart failure; COPD, chronic
obstructive pulmonary disease; CVA, cerebrovascular accident; MDA, mattress double anchor technique; MI, myocardial infarction; MMDA,

modified mattress double anchor technique.

With load-to-failure testing, single-row repair failed at
287 N (range, 270-341 N), diamond repair failed at 305 N
(range, 274-403 N), MDA technique failure was at 256 N
(range, 218-291 N), and MMDA failure was at 289 N
(range, 135-390 N). Once again, there were no statistically
significant differences among the groups.

The mode of failure is depicted in Table 2. Failure con-
sisted predominantly of the suture tearing through the
tendon, followed by screw pullout. There were 2 cases in
the double-row technique in which a tear in the
supraspinatus tendon occurred proximal to the repair site,
again with sutures tearing through the tendon. These
tears occurred in 2 double-row repairs in which the medial
limbs of sutures cut through the tendon.

In summary, all groups demonstrated superior structural
properties when compared to previously published reports.
There were no differences in cyclic load or load to failure
between any of the groups. The double-row anchor repair
provided a consistently larger footprint width.

DISCUSSION

Recurrent defects after open rotator cuff repair occur fre-
quently and have been the subject of considerable
debate.”®'*% The effect of such a defect on functional out-
come has been controversial, but it has generally been
accepted that an intact rotator cuff tendon after surgery
has a better outcome.”®'® Such defects could be due to
early loss of fixation or to a less-than-desirable biological
healing process with weak reparative tissue.

Failure of fixation may be caused by suture breakage,
loss of the suture grasp of the tendon, with the suture cut-
ting through the tendon during cyclic loading, or migration
of the suture anchor in osteoporotic bone.* Gerber et al’
evaluated several different suture grasping techniques
performed in an open technique. This study led to the rec-
ommendation of the use of a modified Mason-Allen stitch-
ing technique in open repairs.

In contrast, Burkhart et al® in a cadaveric study com-
pared transosseous fixation using simple sutures through
bone tunnels versus the mattress configuration.
Interestingly, simple sutures had a statistically higher
ultimate failure load than did the mattress suture con-
struct. It is difficult to compare these 2 studies, as the
mechanical testing process was different. Of note, in the
study by Gerber et al,’ 6 simple sutures did approach 300
N of failure. This finding has important implications for
arthroscopic techniques in which a simple suture is placed
with the use of suture anchors. Current suture anchors
used in rotator cuff repair are frequently loaded with 2
strands of nonabsorbable suture. It is technically feasible
to perform an arthroscopic single-row repair using 3
double-loaded anchors representing 6 simple sutures.

In an attempt to improve initial fixation in arthroscopic
repairs, the Mason-Allen suture type was evaluated after
arthroscopic placement.'”” Interestingly, Schneeberger
et al'” reported inferior initial fixation of this type of
suture-grasping method placed in an arthroscopic manner.
They compared 2 tendon stitches: a mattress stitch and
the modified Mason-Allen stitch. Using an arthroscopic
approach, they found that the mattress tendon stitch per-
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formed at a much higher and statistically significant fail-
ure load (230 N) than did the modified Mason-Allen stitch
(168 N).' These findings led the authors to conclude that
lower holding strength with the use of a No. 2 suture mate-
rial and bone anchors cannot achieve the same initial fix-
ation strength as open repair techniques, which can use
stronger suture and an augmented transosseous suture-
to-bone fixation. They further suggested that if the rotator
cuff is subject to postoperative loading, the open surgical
technique may be preferred until stronger fixation meth-
ods are developed."”

In arthroscopic suture anchor repair of soft tissue to
bone, loop security and knot security are fundamental to
resisting slippage and gap formation. The greater number
of passes and the difficulty in obtaining loop security with
a modified Mason-Allen technique arthroscopically may be
the reasons for its inferior mechanical performance as
reported by Schneeberger et al."”

These studies are especially pertinent in light of the
recent study evaluating arthroscopic rotator cuff repair by
Galatz et al.” They evaluated repair integrity after arthro-
scopic repair of large and massive rotator cuff tears. These
repairs were made with a single row of anchors using a
simple suture technique. Using ultrasonography, the
authors demonstrated that 89% of these repairs had cuff
defects. At 2 years postoperatively, there was a decrease in
the average American Shoulder and Elbow Society score
from more than 90 points to approximately 79.9 points.
Furthermore, the authors noticed an associated decrease
in function.

Despite this disheartening information, there are a
number of recent clinical reports demonstrating excellent
clinical and functional results after arthroscopic rotator
cuff repair.” Since the reports by Gerber et al’ and subse-
quently by Schneeberger et al,'” a plethora of suture-
shuttling devices, stitching instruments, and punches, as
well as the introduction of stronger suture materials, have
become available. These technical improvements offer the
promise of improving initial mechanical fixation strength.
Furthermore, a double row of anchors can now be per-
formed arthroscopically, expanding the footprint area for
biological healing and the potential for increasing the ini-
tial mechanical strength and durability of the repair.'*"?
From a biomechanical perspective, a previous study docu-
mented the superiority of a double-row fixation technique;
Waltrip et al®® compared a transosseous rotator cuff suture
technique performed in a mattress-type suture configura-
tion, a single row of anchors repair, and a third group that
combined the transosseous lateral tendon repair with the
medial suture anchor repair or double-row repair. The
mean number of cycles to failure for the combined double-
row technique was significantly greater than for either the
transosseous suture method with a mattress suture versus
a single row of anchors with simple suture technique.

It was therefore our purpose to compare the perform-
ance of a simulated arthroscopic repair using single-row
fixation to 3 reported types of double-row fixation. Our
intent was to evaluate the repair techniques using the

'References 2, 6, 11, 14, 16, 18, 19, 21, 22.
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same state-of-the-art anchors, dual loaded with ultra-
strong nonabsorbable suture material. Specifically, it was
our purpose to compare the intact rotator cuff footprint to
the footprint after a single-row and double-row repair.
Improving the footprint available for tendon-bone healing
may have important biological and clinical implications.
Furthermore, it was our intent to compare the structural
properties of load to failure and cyclic displacement of an
arthroscopic single-row repair to several double-row
repairs recently described. Finally, we wanted to validate
the claim that current arthroscopic techniques had the
structural performance equivalent to previously reported
open techniques, so as to permit earlier range of motion
but not at the expense of mechanical integrity. To our
knowledge, there are no previous studies using state-of-
the-art suture anchors, shuttling devices, and ultrastrong
suture material specifically designed for arthroscopic rota-
tor cuff repair and also comparing single-row versus
double-row rotator cuff repair with regard to load to fail-
ure, cyclic displacement, and restoration of the supraspina-
tus footprint. These are the major strengths of this partic-
ular study.

Our findings indicate a higher load to failure with
arthroscopic suture anchors in single-row repair technique
than has been previously reported. There were no signifi-
cant differences in load to failure and cyclic displacement
between single-row repair and each of the double-row
repair techniques used in this study. Therefore, we did not
confirm our hypothesis that a double-row technique would
be a superior construct compared to the single-row
method. In our study, the single-row repair featured 3
suture anchors double loaded with No. 2 FiberWire suture
and tied with a simple stitch (287 N). This load to failure
is very consistent and almost identical to the report of
Gerber et al’ in 1994, in which 6 simple sutures had an
ultimate tensile strength of 273 N. The suture used in
their study was a No. 2 nonabsorbable braided suture. In
our study, the No. 2 FiberWire has mechanical properties
equivalent to a No. 5 traditional braided suture.

However, it is important to note that in our study all of
these specimens were cycled 3000 times before an ultimate
load to failure at 31 mm/min was applied. It is conceivable
that the ultimate load to failure would have been much
higher without stressing the repair more than 3000 cycles.
As in the study by Schneeberger et al,’” we demonstrated
that the arthroscopic rotator cuff repair performed with a
simple suture technique is comparable to any of the mat-
tress configurations that were used. The MDA and MMDA
techniques were attempts to increase the footprint and
provide the arthroscopic equivalent of a Mason-Allen ten-
don stitch. Schneeberger et al'’ theorized that the mat-
tress stitches allowed a certain amount of thread slippage
within the tendon, and after the first few cycles, the loads
seemed to be equally distributed between the mattress
stitches. However, they reasoned that the sutures of the
modified Mason-Allen stitch showed no slippage within
the tendons. Thus, the 2 stitches were often not equally
tightened, resulting in an unequal distribution of loads
and therefore a lower failure load. This phenomenon could
account for the lack of superiority of the MDA and MMDA
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techniques used in our study. Also, as Burkhart et al® have
described, the extra length of suture may lead to the
inability to maximize loop and knot security and thereby
to lower failure loads. However, in our study the displace-
ment was the same among the 4 groups and within the
parameters for success that we established at the onset of
the study.

The advantage of performing a repair using a single row
of anchors with strong suture material and simple suture
knots is the comparative ease of such a method. However,
the double-row repair technique clearly revealed a statis-
tically significant greater footprint area with digital meas-
urement in our study. This method has the theoretical
potential of increased surface area for healing, and if the
initial fixation strength is adequate, it should provide for
a hardier repair, able to withstand greater loading and
leading to a more satisfactory long-term outcome. In vivo
animal studies and human clinical trials are necessary to
test the potential of improved biological healing that may
occur with an increased footprint provided with double-
row fixation. These in vivo studies are especially impor-
tant, as double-row repairs would potentially require
longer surgical time and more suture anchors and may be
more technically difficult.

In summary, an arthroscopic single-row rotator cuff
repair using 3 anchors, each anchor loaded with 2 strands
of No. 2 strong nonabsorbable suture, has initial fixation
and cyclic loading performance approaching previous
reports performed with an open repair technique. From a
mechanical perspective, a single-row repair using the
newest generation of strong suture material and tying
simple knots was equivalent in strength to double-row
repair using various mattress-type suturing configura-
tions. The potential advantage of an increased surface area
equivalent to the intact tendon after a mattress double-row
technique is appealing. However, the possible improve-
ments in biological repair, cuff integrity, and clinical outcome
were not proven by this current study. An in vivo animal
trial and potentially a clinical study are in progress to help
answer these questions.
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