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Purpose: A novel double-row configuration was compared with a traditional double-row configuration
for rotator cuff repair. Methods: In 10 matched-pair sheep shoulders in vitro repair was performed with
either a double-row technique with corkscrew suture anchors for the medial row and insertion anchors for
the lateral row (group A) or a double-row technique with a new tape-like suture material with insertion
anchors for both the medial and lateral rows (group B). Each specimen underwent cyclic loading from 10
to 150 N for 100 cycles, followed by unidirectional failure testing. Gap formation and strain within the
repair area for the first and last cycles were analyzed with a video digitizing system, and stiffness and
failure load were determined from the load-elongation curve. Results: The results were similar for the 2
repair types. There was no significant difference between the ultimate failure loads of the 2 techniques
(421 ⫾ 150 N in group A and 408 ⫾ 66 N in group B, P ⫽ .31) or the stiffness of the 2 techniques
(84 ⫾ 26 N/mm in group A and 99 ⫾ 20 N/mm in group B, P ⫽ .07). In addition, gap formation was
not different between the repair types. Strain over the repair area was also not different between the repair
types. Conclusions: Both tested rotator cuff repair techniques had high failure loads, limited gap
formation, and acceptable strain patterns. No significant difference was found between the novel and
conventional double-row repair types. Clinical Relevance: Two double-row techniques— one with
corkscrew suture anchors for the medial row and insertion anchors for the lateral row and one with
insertion anchors for both the medial and lateral rows—provided excellent biomechanical profiles at time
0 for double-row repairs in a sheep model. Although the sheep model may not directly correspond to in
vivo conditions, all–insertion anchor double-row constructs are worthy of further investigation. Key
Words: Double row—Rotator cuff—Suture anchor—Biomechanical testing.
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he goal of arthroscopic rotator cuff repair is to
ensure tendon-bone healing and maintain repair
integrity because tendon repair integrity has been
linked to improved clinical outcomes.1-3 Clinical and
magnetic resonance imaging– based reports have suggested that a notable postsurgical tear rate still exists.1,4 Factors that may influence repair success
include the severity of the tear, retraction and atrophy of the tendon, and quality of the remaining
tissue.5 An optimal initial repair construct would
have a high initial fixation strength, minimize gap
formation, maintain mechanical stability under cyclic loading, and re-create the “footprint” of the
tendon insertion.6 Such a construct may allow early
postoperative motion while maintaining repair integrity.7 This has stimulated the development of
many novel “double-row” rotator cuff repair tech-
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niques that sought to improve the biomechanical
characteristics of rotator cuff repair and increase the
area of tendon-bone contact.5,8-12
Double-row fixation has been gaining popularity
in clinical use because of its reported superior biomechanical properties.13-15 Previous biomechanical
studies have suggested that double-row fixation
does have superior biomechanical characteristics
when compared with single-row fixation.5,16,17
Some of the most biomechanically sound doublerow techniques used a transosseous tunnel for the
lateral row, requiring a mini-open technique.12,18 In
an effort to obtain the advantages of a transosseous
construct while using arthroscopic techniques, the
“transosseous-equivalent” (TOE) technique (also
known as the suture bridge technique) was introduced. The medial row was composed of standard
screw-in suture anchors, whereas the lateral row for
these constructs is occupied by an insertion anchor,
which captures sutures from the medial row. More
recently, these techniques have been reported to
have superior results with regard to footprint restoration, biomechanical failure, and cyclic loading
testing.19-21
The optimal configuration for TOE double-row constructs has yet to be determined. Biomechanical studies
have evaluated both insertion anchors and tenodesis
screws for the lateral row.7 Our purpose was to evaluate
a novel TOE double-row technique using a newly available suture material (FiberTape; Arthrex, Naples, FL)
with insertion anchors for both the medial and lateral
rows and compare this novel technique with a more
conventional TOE suture anchor/insertion anchor construct, which used suture anchors for the medial row and
insertion anchors for the lateral row. The novel insertion
anchor construct also included a horizontal stitch designed as a blocking cross stitch similar to the massive
cuff tear stitch described by Ma et al.22 and the modified
Mason-Allen stitch23 described by Gerber et al.24 In
addition, the study was designed to use bioabsorbable
anchors. Our hypothesis was that the novel double-row
construct would exhibit superior biomechanical properties when compared with the more conventional TOE
technique based on the additional blocking cross stitch
and the new suture material.
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testing. The infraspinatus muscle is the most developed rotator cuff muscle in the sheep and has been
used in prior studies for evaluation of anchoring constructs.18,22,23 The infraspinatus tendon and humeral
attachment were carefully dissected and isolated, and
the remaining rotator cuff tendons were completely
removed. The humerus was cut transversely just above
the elbow. Matched-pair shoulder specimens allowed
each anchor technique to be performed on the same
animal. Repairs were alternated from left to right
throughout testing. Each specimen was carefully examined to ensure that the rotator cuff musculature was
intact, and the infraspinatus tendon was of sufficient size
(minimum width at least 20 mm) to support a doublerow rotator cuff repair. The humerus was potted with
Ureol (Ciba Specialty Chemicals, Basel, Switzerland) to
allow for proper fixation during testing. The infraspinatus was then completely released from its insertion site.
During the course of the study, specimens were kept
moist with periodic sprays of saline solution.
Surgical Techniques
All rotator cuff repairs were carried out by a
single surgeon (J.T.S.). The conventional TOE surgical technique— using suture anchors for the medial
row and insertion anchors for the lateral row— used
two 5.5-mm Bio-Corkscrew FT2 anchors (Arthrex)
double loaded with No. 2 FiberWire (Arthrex) for the
medial row and SwiveLock insertion anchors (Arthrex) with a closed-end loop for the lateral row
(group A) (Fig 1). A template was formed from moldable plastic that had 4 holes in a 12 ⫻ 12–mm box
configuration. The template was applied to the tuber-

METHODS
In this study 20 Merino sheep shoulders (10 pairs;
mean age, 1 year) were harvested and frozen at
⫺20°C before testing. Each specimen was allowed to
thaw before dissection, surgical site preparation, and

FIGURE 1. Closed-loop SwiveLock insertion anchor (Arthrex)
with FiberTape suture (Arthrex).
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osity of the humerus, and the position of the holes was
marked onto the humerus. A tap was used to create 4
anchor holes before the tendon was attached. The
same template was used for the novel anchor technique, allowing consistently reproducible anchor
placement for both the medial and lateral rows in
both surgical techniques. For the conventional technique, the suture anchors were inserted in the medial row at a 45° angle to the bone surface. The
tendon was draped over the humerus so that its
lateral border ended at the lateral row. For each
suture anchor of the medial row, 2 horizontal mattress sutures were placed medially in the tendon.
Six alternating half-hitches were tied for each knot.
The suture from the more lateral knot on each side
was cut, whereas the sutures from the more medial
knots were used to create the suture bridge (Fig 2). The
SwiveLock insertion anchors were loaded with the su-

ture bridge sutures and inserted to create the lateral row.
Tension was applied to each suture so that all slack was
removed from the suture before placement of the lateralrow insertion anchor.
The novel anchor technique— using insertion anchors for both the medial and lateral rows— used 2
open-loop SwiveLock insertion anchors for the medial row and 2 closed-loop SwiveLock insertion
anchors for the lateral row (group B). For the medial row, an insertion anchor internally loaded with
No. 1 FiberWire (Arthrex) was used. The FiberTape
(Arthrex) (a new braided ultrahigh-strength suture)
(Fig 1) was captured by the loop of the SwiveLock,
and the SwiveLock was screwed into place in both
medial anchor locations. With removal of the insertion
handle, 2 FiberTape ends and 2 No. 1 FiberWire ends
exited each medial anchor location. Initially, the No. 1
FiberWire suture was placed through the tendon in a
horizontal mattress stitch tied by use of 6 alternating
half-hitches (Fig 3A). Both ends of the FiberTape were
then brought through the tendon just medial to the horizontal mattress stitch. One end of the FiberTape from
each medial anchor was then fixed to the lateral row after
passage through the closed-loop SwiveLock to finish the
suture bridge (Fig 3B). Tension was applied to each
FiberTape suture limb so that all slack was removed
before placement of the lateral-row insertion anchor.
Biomechanical Testing

FIGURE 2. Final conventional double-row construct. The medial
row comprised 2 suture anchors, and the lateral row comprised 2
insertion anchors capturing sutures from the medial-row suture
anchors.

The rotator cuff repair constructs were tested with a
Zwick 1120 testing machine (Zwick, Ulm, Germany).
A Vicon video digitizing system (Vicon, Los Angeles,
CA) was used for analysis of gapping phenomenon.
The humerus was placed at an angle of 135° to the
vertical axis, allowing tendon testing to approximately
re-create the vector of force that would occur after a
rotator cuff repair (Fig 4). The video digitizing system
(3 specialized cameras) was placed off the lateral side
of the construct, viewing the repair from outside the
joint. The tendon was grasped in a specially designed
soft-tissue clamp, which had sufficient grip and eliminated tendon slippage. After secure mounting of the
specimen, 6 video markers were placed on the tendon.
One pair of video markers was placed just medial to
the lateral tendon border, one pair was placed just
medial to the medial suture, and one pair was placed
on the humerus just lateral to the tendon edge (Fig 5).
The Vicon video digitizing system included video
recording of the markers, digitization of the markers,
creation of centroids representing the center of the
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FIGURE 4.
fixture.
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Testing setup showing alignment of humerus to testing

markers, and computer calculation of distance as well
as movement during the testing process.
Cyclic Loading
A 10-N preload was applied for 1 minute for preconditioning of the tendon–suture anchor construct.
The specimens were then cyclically loaded from 10 to
150 N at a rate of 0.25 H for 100 cycles. Other authors
have noted that 150 N represented between one half
and two thirds of the load that could be delivered by
maximal muscle contraction of the human supraspinatus, so our applied load was well within the physiologic range.25 Gap formation at the lateral border of
the tendon was recorded. It was defined as the
distance (measured in millimeters) created at the
lateral edge of the tendon. The gap was calculated
by measuring the change in position of the markers
on the lateral edge of the tendon relative to the
stationary markers on the lateral humerus. Gap formation was recorded for the first and last cycles. In

4
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FIGURE 3. (A) Step 1: Novel double-row construct. The medial
insertion anchors were placed with tape-like suture exiting the
rotator cuff just medial to the previously tied blocking stitch. (B)
Step 2: Completed insertion anchor construct. The medial and
lateral rows comprised insertion anchors; tape-like suture crosses
the blocking stitch medially and is captured by the lateral row of
insertion anchors.
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properties of linear stiffness and ultimate failure load
were calculated by use of data acquisition and analysis
software included on the materials testing machine.
The ultimate failure load was defined as the peak force
of the load-elongation curve. Stiffness was calculated
by use of the most linear portion of the failure curve.
Statistical Analysis
Student t tests were used to compare the biomechanical properties of the conventional repair (group
A) and the novel technique (group B). The level of
statistical significance was set at P ⬍ .05.

RESULTS
Cyclic Loading

FIGURE 5. Superior view of rotator cuff repair with video markers
in place. Two markers were placed on the lateral humerus, two
inside the cuff repair, and two medial to the cuff repair.

addition, strain was defined as the deformation per
unit length of the tendon. The original distance was
defined as the initial distance between the markers.
The change in distance was calculated as the maximal distance between the markers minus the original distance. Strain was calculated by the standard
formula (⌬L/L) by use of the Vicon software package and Microsoft Excel (Microsoft, Redmond,
WA).
Tensile Testing to Failure
After cyclic loading, the construct was returned to
the preload of 10 N. The specimen was loaded until
structural failure at a rate of 1 mm/s. The structural

TABLE 1.

Gap formation (mm)
First cycle
Last cycle
Strain
First cycle
Last cycle

There were no statistically significant differences
noted between group A and group B during the cyclic
loading test (Table 1). Gap formation was not significantly different between the 2 groups in either the
first or last cycle. Strain recorded over the repair area
was also not significantly different between the 2
groups in either the first or last cycle. For both group
A and group B, all specimens survived the cyclic
loading testing without obvious defect or deformity.
Tensile Testing to Failure
Overall, the results for tensile testing to failure were
similar for the 2 repair types (Table 2). There was no
significant difference between the ultimate failure
loads of the 2 techniques. The stiffness in group B was
increased compared with group A, but the result was
not significant. For group B, all specimens failed at the
tendon-suture junction, whereas 1 specimen in group
A failed with pullout of the anchors. All other specimens in group A failed at the tendon-suture junction.

Cyclic Loading Results

Group A

Group B

P Value

Confidence Interval

1.37 ⫾ 0.6
2.22 ⫾ 0.7

1.16 ⫾ 0.7
2.14 ⫾ 0.8

P ⫽ .40
P ⫽ .83

⫺0.367 to ⫹0.789
⫺0.696 to ⫹0.856

6.40 ⫾ 3.4
2.13 ⫾ 0.7

6.84 ⫾ 2.5
2.11 ⫾ 0.8

P ⫽ .76
P ⫽ .94

⫺2.475 to ⫹3.337
⫺0.709 to ⫹0.749
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TABLE 2.

Ultimate load (N)
Stiffness (N/mm)
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Failure Testing Results

Group A

Group B

P Value

Confidence Interval

421 ⫾ 150
84 ⫾ 26

408 ⫾ 66
99 ⫾ 20

P ⫽ .31
P ⫽ .07

⫺101.5 to ⫹127.5
⫺11.94 to ⫹18.06

DISCUSSION
There were no major statistical differences between
the novel stitch configuration using 4 insertion anchors and the conventional TOE double-row construct
using 2 suture anchors and 2 insertion anchors. Therefore our initial hypothesis must be rejected.
It has been suggested that the suture-tendon interface remains the most likely site of failure of rotator
cuff repair.26 Indeed, in our study 19 of 20 specimens
failed at the tendon-suture interface. Multiple studies
have concluded that double-row rotator cuff fixation
may provide biomechanical advantages compared
with conventional single-row techniques.5,16,17 Other
authors have concluded that so-called TOE rotator
cuff repair techniques have an advantage over the
originally described double-row techniques7,27; however, the optimal double-row configuration has yet to
be established.
When prior studies are considered,5,16,17 our data
show quantitatively comparable results. Despite the
fact that prior studies used 6.5-mm metallic anchors5
or 6.5-mm bioabsorbable anchors,7 the mechanical
properties recorded in group A and group B were
similar to those in the aforementioned studies. Kim et
al.5 reported gap formation between 1.7 and 3.6 mm
and an ultimate load of 516 ⫾ 121 N, whereas Park et
al.7 reported gap formation between 2.87 and 3.74 mm
and an ultimate load of 443 ⫾ 87 N for their TOE
construct. Our gap formation (between 1.16 and 2.22
mm for both groups) and ultimate load (421 ⫾ 150 N
in group A and 408 ⫾ 66 N in group B) results
compare favorably with prior works. In addition, the
group B construct was stiffer than the group A construct. The difference was not statistically significant
(P ⫽ .07) but could indicate an advantage for future
insertion anchor–FiberTape constructs. Future testing
would have to be conducted to more explicitly determine whether insertion anchor constructs have an
inherent advantage over suture anchor constructs because of the potential for suture creep or knot slippage
in suture anchor repairs.
Our novel repair technique used 4 insertion-type
anchors (with 2 closed-loop types for the lateral row)
and a horizontal stitch. To our knowledge, this is the

first biomechanical study that has examined a doublerow technique that does not use conventional screw-in
suture anchors for the medial row. Given the fact that
the results of this construct were similar to those of the
more conventional double-row construct, it would be
easy to make the next technical step and evaluate the
novel technique without the benefit of the horizontal
stitch. In this fashion, an arthroscopic insertion anchor
technique could be used, which would obviate the
need for knot tying in arthroscopic procedures. This
should be the subject of future biomechanical studies.
The novel TOE double-row rotator cuff technique
described previously was the biomechanical equal of a
conventional TOE double-row technique in our study.
The medial insertion anchors appear to have sutureholding power and failure strength comparable to
screw-in anchors based on our gap formation and
failure data. Furthermore, we have confirmed that
TOE double-row rotator cuff repair techniques using 2
different nonmetallic anchors exhibit similar biomechanical properties to previously published works using metallic anchors, which have been established as
the gold standard for biomechanical rotator cuff testing. Our results suggest that future research is warranted on knotless, insertion anchor– only TOE double-row rotator cuff repairs.
Our study has multiple strengths. The video capture
system has been proven reliable in prior studies5,17
and captures movement within the repair area well.
We used a matched-pair technique for specimens,
which should eliminate intersample differences. In the
sheep model both the bone and the tendon are of
excellent quality, placing the focus of the study directly on the repair constructs themselves.
Our study does have weaknesses. We used a sheep
model instead of a human cadaveric model. Although
the healthy tendon of the sheep does not approximate
the degenerative human tendon likely encountered in
clinical practice, it has been cited as a “good model
and has been used extensively for the evaluation of
rotator cuff tendon repairs.”22,23 Testing in human
cadaveric specimens may yield additional information
about insertion and suture anchor behavior in older
bone and suture behavior in human tendon, especially
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if altered tendon quality and osteopenia are present.
However, other authors have noted similar results for
human and sheep studies with similar testing techniques.17 Additional weaknesses include the limitations inherent in single-direction testing. Recently,
authors have included a rotational moment in rotator
cuff evaluations,28 but our construct line of pull was
unidirectional. Our study also used in vitro time 0
testing, and thus the in vivo performance of each
repair construct is unknown.

CONCLUSIONS
Both tested rotator cuff repair techniques had high
failure loads, limited gap formation, and acceptable
strain patterns. No significant difference was found
between the novel and conventional double-row repair
types.

REFERENCES
1. Gazielly DF, Gleyze P, Montagnon C. Functional and anatomical results after rotator cuff repair. Clin Orthop Relat Res
1994:43-53.
2. Harryman DT II, Mack LA, Wang KY, Jackins SE, Richardson ML, Matsen FA III. Repairs of the rotator cuff. Correlation
of functional results with integrity of the cuff. J Bone Joint
Surg Am 1991;73:982-989.
3. Jost B, Pfirrmann CW, Gerber C, Switzerland Z. Clinical
outcome after structural failure of rotator cuff repairs. J Bone
Joint Surg Am 2000;82:304-314.
4. Galatz LM, Ball CM, Teefey SA, Middleton WD, Yamaguchi
K. The outcome and repair integrity of completely arthroscopically repaired large and massive rotator cuff tears. J Bone Joint
Surg Am 2004;86:219-224.
5. Kim DH, Elattrache NS, Tibone JE, et al. Biomechanical
comparison of a single-row versus double-row suture anchor
technique for rotator cuff repair. Am J Sports Med 2006;34:
407-414.
6. Cole BJ, ElAttrache NS, Anbari A. Arthroscopic rotator cuff
repairs: An anatomic and biomechanical rationale for different
suture-anchor repair configurations. Arthroscopy 2007;23:662669.
7. Park MC, Tibone JE, ElAttrache NS, Ahmad CS, Jun BJ, Lee
TQ. Part II: Biomechanical assessment for a footprint-restoring transosseous-equivalent rotator cuff repair technique compared with a double-row repair technique. J Shoulder Elbow
Surg 2007;16:469-476.
8. Lo IK, Burkhart SS. Double-row arthroscopic rotator cuff
repair: Re-establishing the footprint of the rotator cuff. Arthroscopy 2003;19:1035-1042.
9. Burkhead WZ Jr, Skedros JG, O’Rourke PJ, Pierce WA, Pitts
TC. A novel double-row rotator cuff repair exceeds strengths
of conventional repairs. Clin Orthop Relat Res 2007;461:106113.
10. Craft DV, Moseley JB, Cawley PW, Noble PC. Fixation
strength of rotator cuff repairs with suture anchors and the
transosseous suture technique. J Shoulder Elbow Surg
1996;5:32-40.

11. Fealy S, Kingham TP, Altchek DW. Mini-open rotator cuff
repair using a two-row fixation technique: Outcomes analysis
in patients with small, moderate, and large rotator cuff tears.
Arthroscopy 2002;18:665-670.
12. Waltrip RL, Zheng N, Dugas JR, Andrews JR. Rotator cuff
repair. A biomechanical comparison of three techniques. Am J
Sports Med 2003;31:493-497.
13. Charousset C, Grimberg J, Duranthon LD, Bellaiche L, Petrover D. Can a double-row anchorage technique improve tendon
healing in arthroscopic rotator cuff repair? A prospective,
nonrandomized, comparative study of double-row and singlerow anchorage techniques with computed tomographic arthrography tendon healing assessment. Am J Sports Med 2007;
35:1247-1253.
14. Sugaya H, Maeda K, Matsuki K, Moriishi J. Repair integrity
and functional outcome after arthroscopic double-row rotator
cuff repair. A prospective outcome study. J Bone Joint Surg
Am 2007;89:953-960.
15. Lafosse L, Brozska R, Toussaint B, Gobezie R. The outcome
and structural integrity of arthroscopic rotator cuff repair with
use of the double-row suture anchor technique. J Bone Joint
Surg Am 2007;89:1533-1541.
16. Mazzocca AD, Millett PJ, Guanche CA, Santangelo SA, Arciero RA. Arthroscopic single-row versus double-row suture
anchor rotator cuff repair. Am J Sports Med 2005;33:18611868.
17. Ma CB, Comerford L, Wilson J, Puttlitz CM. Biomechanical
evaluation of arthroscopic rotator cuff repairs: Double-row
compared with single-row fixation. J Bone Joint Surg Am
2006;88:403-410.
18. Demirhan M, Atalar AC, Kilicoglu O. Primary fixation
strength of rotator cuff repair techniques: A comparative study.
Arthroscopy 2003;19:572-576.
19. Siskosky MJ, ElAttrache NS, Chu E, Tibone JE, Lee TQ.
Biomechanical evaluation of the “transosseous equivalent”
rotator cuff repair technique using the PushLock for lateral
fixation compared to the double row technique. Presented at
the Annual Meeting of the American Academy of Orthopaedic
Surgeons, San Diego, CA, 2007.
20. Park MC, ElAttrache NS, Tibone JE, Ahmad CS, Jun BJ, Lee
TQ. Footprint contact biomechanics for a new arthroscopic
transosseous-equivalent rotator cuff repair technique compared to a double-row technique arthroscopic rotator cuff
repair. Presented at the Annual Meeting of the American
Academy of Orthopaedic Surgeons, Chicago, IL, 2006.
21. Costic RS, Brucker PU, Smolinski PJ, Gilbertson LG, Rodosky MW. Arthroscopic double row anchor repair of full
thickness rotator cuff tear: Footprint restoration and biomechanical properties. Presented at the Annual Meeting of the
Orthopaedic Research Society, 2006.
22. Ma CB, MacGillivray JD, Clabeaux J, Lee S, Otis JC. Biomechanical evaluation of arthroscopic rotator cuff stitches.
J Bone Joint Surg Am 2004;86:1211-1216.
23. Sileo MJ, Ruotolo CR, Nelson CO, Serra-Hsu F, Panchal AP.
A biomechanical comparison of the modified Mason-Allen
stitch and massive cuff stitch in vitro. Arthroscopy 2007;23:
235-240.e2. Available online at www.arthroscopyjournal.
org.
24. Gerber C, Schneeberger AG, Beck M, Schlegel U. Mechanical
strength of repairs of the rotator cuff. J Bone Joint Surg Br
1994;76:371-380.
25. Burkhart SS, Diaz Pagan JL, Wirth MA, Athanasiou KA.
Cyclic loading of anchor-based rotator cuff repairs: Confirmation of the tension overload phenomenon and comparison of
suture anchor fixation with transosseous fixation. Arthroscopy
1997;13:720-724.

DOUBLE-ROW ROTATOR CUFF REPAIR
26. Scheibel MT, Habermeyer P. A modified Mason-Allen technique for rotator cuff repair using suture anchors. Arthroscopy
2003;19:330-333.
27. Park MC, ElAttrache NS, Tibone JE, Ahmad CS, Jun BJ, Lee
TQ. Part I: Footprint contact characteristics for a transosseousequivalent rotator cuff repair technique compared with a dou-

879

ble-row repair technique. J Shoulder Elbow Surg 2007;16:461468.
28. Ahmad CS, Kleweno C, Jacir AM, et al. Biomechanical performance of rotator cuff repairs with humeral rotation: A new
rotator cuff repair failure model. Am J Sports Med 2008;36:
888-892.

Have you ever thought of reviewing for Arthroscopy?
Be part of our peer-review process. It’s rewarding, enlightening,
and a great service to your profession. It’s also an important
commitment of time and effort.
Do you have what it takes to volunteer? Think about it.
Visit http://ees.elsevier.com/arth/ and click on the
links found in the Reviewer Information box.

