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of Transosseous–Suture Anchor and Suture 
Bridge Rotator Cuff Repairs in Cadavers
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Background: Several biomechanical studies comparing open and arthroscopic rotator cuff repair methods have shown inferior 
performance of arthroscopic repairs. Suture anchor–augmented transosseous repairs and suture bridge repairs have shown 
superior biomechanical performance when compared with other methods, but these 2 repair methods have not been directly 
compared.

Hypothesis: There will be no difference in the biomechanical performance of the transosseous–suture anchor and suture bridge 
techniques.

Study Design: Controlled laboratory study.

Methods: Eight paired cadaveric shoulder specimens (16 specimens) had creation followed by repair of a complete tear of the 
supraspinatus, with the first member of each pair undergoing repair by a transosseous–suture anchor technique and the second 
member undergoing repair by the suture bridge technique. Specimens were then cycled from 10 to 180 N for 200 cycles, fol-
lowed by testing to failure at 33 mm/s. Elongation was measured during cyclic testing, and failure load and stiffness were 
obtained during load-to-failure testing. Failure method was recorded.

Results: There was no significant difference between transosseous–suture anchor repairs and suture bridge repairs for elonga-
tion (4.0 ± 1.60 mm vs 3.5 ± 1.1 mm, P = .31), failure load (408 ± 93 N vs 419 ± 62 N, P = .70), or stiffness (58 ± 10 N/mm vs 58 
± 14 N/mm, P = .94). The most common mode of failure with each method was suture cutting through tendon.

Conclusion: The suture bridge repair exhibited similar biomechanical performance during cyclic and load-to-failure testing as a 
transosseous–suture anchor repair, which historically has been performed in open or mini-open fashion.

Clinical Relevance: Arthroscopic rotator cuff repairs can be performed that are as strong as open or mini-open repairs. 

Keywords: rotator cuff; suture bridge; transosseous; shoulder

Rotator cuff repair has evolved from an open procedure 
with detachment of the deltoid through a mini-open 
deltoid-preserving approach to an all-arthroscopic 
approach. The advantages of arthroscopic surgery include 
diminished postoperative pain and better visualization of 
lesions.20 Ideally, arthroscopic rotator cuff repair would 
also result in a construct that is at least as strong as that 
performed in open fashion. Recent studies that have com-
pared open repair methods to arthroscopic repair methods 
demonstrated inferior performance with the latter5,19,23; 

however, the methods used for arthroscopic repair in those 
studies were different from the methods currently used.

Transosseous repair of the rotator cuff has been used 
with the open approach for decades and, when combined 
with suture anchor fixation, has been shown to exhibit 
superior biomechanical performance when compared with 
early arthroscopic methods.23 The introduction of newer 
sutures and implants has allowed the performance of 
transosseous-equivalent repairs to be done arthroscopically.15 
These repairs have been compared with other methods of 
arthroscopic repair16,18 but have not been compared directly 
with the transosseous–suture anchor technique.

The purpose of the present study was to compare the 
biomechanical performance of an open repair method that 
has been shown to exhibit superior biomechanical perfor-
mance in a comparative study23 with the biomechanical 
performance of an arthroscopic repair method that has been 
shown to exhibit superior biomechanical performance in a 
different comparative study.18 Our hypothesis was that 
there would be no difference between a transosseous–suture 
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anchor repair and a transosseous-equivalent repair of the 
rotator cuff during cyclic and load-to-failure performance 
testing.

MATERIALS AND METHODS

Sample Size Calculation

Previous authors have found that a suture bridge repair 
displaces 3.74 ± 1.51 mm after 30 cycles performed from 10 
to 180 N.18 We decided a priori that a clinically significant 
difference in gap formation between repair methods after 
cyclic loading would be 2 mm. Calculation of the number of 
specimens needed to detect a difference of 2.0 ± 1.50 mm 
with an alpha of .05 indicated that 7 pairs of specimens (14 
shoulders) would do so with a power of .83. We chose 8 pairs 
to account for any problems encountered during testing.

Specimen Preparation and Repair

Eight pairs of shoulder specimens (16 total) with no grossly 
visible evidence of rotator cuff damage were obtained from 
our university’s Department of Anatomy. The specimens 
were from 2 male and 6 female donors, with a mean age of 
74.5 years (range, 57-87). The supraspinatus was dissected 
free from the infraspinatus posteriorly and the rotator 
interval anteriorly and then sharply detached from its 
insertion on the greater tuberosity. One member of each 
pair then underwent repair of the detached tendon using a 
combination of 3 No. 2 Fiberwire sutures (Arthrex Inc, 
Naples, Florida) and 2 suture anchors. The sutures were 
placed 1 cm apart in Mason-Allen configuration, 1 cm 
medial to the free edge of the tendon. They were then 
passed through osseous tunnels placed 1 cm apart on the 
greater tuberosity, starting at the lateral edge of the 
supraspinatus footprint and exiting approximately 15 mm 
distal to the top of the tuberosity. This was followed by the 
placement of 2 titanium Corkscrew anchors (5.5 mm, 
Arthrex Inc) 1 cm apart at the medial edge of the supraspi-
natus footprint, with the suture limbs from the anchors 
being passed through the tendon 1 cm from the free tendon 
edge, 8 mm apart, and tied in horizontal mattress fashion 
(Figure 1A). These 2 suture anchors were placed between 
the sites of the transosseous Mason-Allen sutures to avoid 
interference or potential damage to the Mason-Allen 
sutures by the sutures from the anchors. The transosseous 
sutures were tied after the anchor sutures were passed 
and tied. Cortical augmentation of the lateral aspect of the 
greater tuberosity was not performed, to remain consistent 
with other recent studies using a transosseous repair 
method combined with suture anchors.5,23,24 The second 
member of each pair underwent repair using 3 titanium 
Corkscrew anchors (5.5 mm) placed 1 cm apart at the 
articular edge of the supraspinatus footprint, with 2 suture 
limbs from each anchor passed through the tendon 1 cm 
from the free edge, 8 mm apart, and tied in horizontal mat-
tress fashion. This was followed by fixation of the suture 
limbs into the lateral aspect of the greater tuberosity using 
3 bioabsorbable push-lock anchors (3.5 mm, Arthrex Inc) 

Figure 1. Repair methods used in the study: A, the 
transosseous–suture anchor repair; B, the suture bridge repair.

A

B
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placed approximately 15 mm from the top of the greater 
tuberosity (Figure 1B).

Biomechanical Testing

The proximal humerus of each specimen was fixed in a vise 
in a Bionix Mini-MTS machine (MTS Systems Corp, Eden 
Prairie, Minnesota), and the medial edge of the supraspi-
natus tendon was grasped approximately 1 cm medial to 
the sutures in a thermally cooled grip (Electroforce 
Division, Bose Corp, Eden Prairie, Minnesota), with the 
angle between the humeral shaft and the tendon kept at 
45° to avoid interference of the humeral head with the abil-
ity of the thermal clamp to grasp the specimen. The grip is 
designed to freeze only the segment of tendon within the 
clamp, leaving the remainder of the tendon unaffected. 
Care was taken to ascertain that the site of thermal grip 
placement on each tendon was consistent between pairs. 
All specimens were kept moist with saline spray, as neces-
sary, during testing. The specimen was cycled from 10 to 
180 N at 1 Hz for 200 cycles, held to 10 N for 5 seconds, and 
then loaded to failure at 33 mm/s. Other investigators have 
used a similar cyclic loading protocol for testing rotator 
cuff repair.9,18 Conditioning elongation was defined as the 
load cell displacement recorded at 180 N for cycle 200 
minus the load cell displacement recorded at 180 N for 
cycle 1. Failure load was defined as either (1) the highest 
load recorded during load-to-failure testing for specimens 
that failed before 1 cm of displacement or (2) the load 
recorded at 1 cm of displacement for those specimens that 
failed at greater than 1 cm of displacement. One centime-
ter of displacement has been used as the definition of fail-
ure in other rotator cuff repair studies.23 Stiffness was 
calculated from the slope of the linear portion of the 

load-displacement curve. Mode of failure was recorded by 
direct observation of the specimen during testing.

Statistical Testing

Paired t testing was used to determine the effect of repair 
method on the biomechanical behavior of the specimen. 
Statistical comparison of conditioning elongation, failure 
load, and stiffness was performed. P values less than .05 
were considered significant. All statistical analyses were 
performed using SPSS 14 (SPSS Inc, Chicago, Illinois).

RESULTS

Table 1 summarizes the results of cyclic and load-to-failure 
testing. There were no significant differences between repair 
methods in conditioning elongation, failure load, and stiff-
ness. Table 2 shows mode of failure. The most common 
method of failure for both repairs was suture cutting through 
tendon (3 specimens in the transosseous–suture anchor 
repair group and 4 in the suture bridge repair group). Only 2 
specimens in the transosseous–suture anchor repair group 
failed because of bone bridge failure. To determine whether 
the lack of cortical augmentation influenced the results of our 
study, we reanalyzed our data excluding these 2 pairs and 
again found no significant differences in conditioning elonga-
tion, stiffness, and failure load for the 6 remaining pairs.

DISCUSSION

Few biomechanical studies have directly compared 
arthroscopic and open methods of rotator cuff repair, and 
those have suggested that arthroscopic methods exhibit 
inferior performance in the laboratory.5,19,23 Despite these 
studies, arthroscopic rotator cuff repairs have shown satis-
factory performance in clinical studies with relatively 
short follow-up.1,2,6,10,22 Transosseous methods of rotator 
cuff repair have a long clinical history and, when combined 
with suture anchors, have been shown to exhibit superior 
performance in biomechanical studies.23 The suture bridge 
method of rotator cuff repair can be done arthroscopically 
relatively easily, and it has been shown to perform well in 
biomechanical tests and to reproduce the supraspinatus 
footprint with excellent contact characteristics.16,18 
However, it has not been directly compared with the tran-
sosseous method. The hypothesis of our study was that 
there would be no difference in the biomechanical perfor-
mance of the suture bridge repair and that of the tran-
sosseous repair combined with suture anchors, and our 
study verified this hypothesis, within the limits of our 
power analysis.

Two choices were made during performance of the study 
that deserve explanation. First, the lateral aspect of the 
greater tuberosity was not augmented in the transosseous–
suture anchor repairs. Early studies of transosseous repair 
demonstrated that augmentation of the repair with a device 
placed at the greater tuberosity improved the biomechanical 
performance of isolated transosseous repairs when compared 

TABLE 1
Comparing the Biomechanical 

Performance of 2 Repair Methodsa 

	 Transosseous	 Suture Bridge	 P

Elongation, mm	 4.0 ± 1.60	 3.5 ± 1.11	 .311
Load to failure, N	 408 ± 93	 419 ± 62	 .705
Stiffness, N/mm	 58 ± 10	 58 ± 14	 .935

aValues given as mean ± standard deviation.

TABLE 2
Sites of Failure During 

Load-to-Failure Testing for 2 Repairs, n

	 Transosseous-Suture	 Suture Bridge
	 Anchor Repair	 Repair

Suture-tendon	 3	 4
    interface failure
Suture breakage	 1	 3
Bone failure	 2	 0
Anchor pullout	 2	 1
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with that of the unaugmented state.4,7 However, authors of 
more recent biomechanical studies have chosen to augment 
their transosseous repairs with suture anchors rather than a 
device placed on the lateral aspect of the greater tuberosity, 
and they have shown satisfactory performance using this 
type of augmented transosseous repair.5,23,24 Use of suture 
anchors, rather than a device placed laterally on the greater 
tuberosity, may therefore be considered an alternative form of 
augmentation of a transosseous repair. To determine whether 
the lack of cortical augmentation affected the results of our 
study, we reanalyzed our data excluding the 2 pairs for which 
the transosseous–suture anchor repair member failed owing 
to bone bridge failure, and again, we found no significant dif-
ferences in conditioning elongation, stiffness, or failure load  
for the 6 remaining pairs. This finding suggests that augmen-
tation at the site of the greater tuberosity would not have 
substantially changed the results of our study. Finally, we 
should note that the values we obtained for failure load with 
our suture anchor–augmented transosseous repair were 
greater than those obtained in studies using cortical 
augmentation.4,7

Second, we chose to place only 2 suture anchors in our 
transosseous–suture anchor repairs, as opposed to 3 anchors 
in the suture bridge repair. We did so to reflect the technique 
that the senior author has used when clinically performing 
transosseous repair. When performing this repair for an 
isolated supraspinatus tear, he typically places 3 Mason-
Allen sutures (which are later passed through the greater 
tuberosity for the transosseous component of the repair) at 
the anterior, middle, and posterior part of the tendon, and 
passes them approximately 8 to 10 mm medial to the edge 
of the tendon, to grasp better tissue. Two suture anchors are 
then placed at the medial border of the supraspinatus foot-
print, adjacent to the articular surface, with the first anchor 
placed between the site of the anterior and middle Mason-
Allen sutures and the second anchor placed between the site 
of the middle and posterior Mason-Allen sutures (see Figure 
1A). From a purely comparative biomechanical standpoint, 
it may be more desirable in the laboratory to use 3 suture 
anchors placed directly medial to the Mason-Allen sutures 
in the transosseous–suture anchor repair; however, we have 
found that doing so often results in an overcrowding of the 
sutures from the anchors and the Mason-Allen sutures, with 
the risk of damage to the Mason-Allen sutures as the 
sutures from the anchors are passed through the rotator 
cuff. As can be seen in Figure 1A, if 3 anchors were placed 
in line with the previously placed Mason-Allen sutures and 
the anchor sutures were then passed, there could have been 
laceration of the Mason-Allen sutures by the needles from 
the anchor sutures. We therefore chose clinical relevance 
over scientific perfection when designing the study. 
Furthermore, although some studies have demonstrated 
better biomechanical performance from double-row rotator 
cuff repairs, at least 2 studies have shown no advantage to 
a double-row repair when the medial and lateral anchors 
are aligned with the direction of shortening of the 
supraspinatus.13,14 This is a second reason that we stag-
gered the Mason-Allen sutures and the sutures from the 
suture anchors. We believe that this modification may actu-
ally make the repair biomechanically stronger. We do admit, 
however, that this has not been directly studied.

We should also emphasize that both repair methods 
exhibited quite high failure loads (greater than 400 N for 
each method), which is approximately half that of the intact 
supraspinatus tendon.8 Regardless of failure site (suture-
tendon interface, anchor pullout, suture breakage, or bone 
failure), all failures occurred at loads of approximately 400 
to 450 N, making that value a possible biologic limit using 
the sutures and techniques currently available. As a mat-
ter of interest, other authors studying the biomechanics of 
human rotator cuff repair have been unable to create 
repairs that exceed this limit.† The addition of more suture 
anchors or cortical augmentation may therefore have 
changed the site of failure in our study but would have been 
unlikely to increase the failure load of the construct. In fact, 
the failure load obtained with each repair method was equal 
to or higher than that obtained by any other biomechanical 
study of rotator cuff repair published to date.‡ The values 
obtained for elongation, stiffness, and failure load suggest 
that future clinical studies on early motion after selected 
repairs using these methods may be appropriate.

Our study has several strengths, including our use of a 
single investigator to perform all the repairs. We compared 
2 repair methods that are clinically relevant and com-
monly used. The relatively narrow standard deviations 
that we obtained for our values attest to the reproducibil-
ity of our technique. Our results are quite close to those 
obtained for the suture bridge technique in other 
laboratories.17,18 Finally, we were able to obtain paired 
specimens without any gross evidence of damage to the 
supraspinatus.

There are limitations of our study that deserve mention. 
First, this was a cadaveric study and therefore measured 
performance at time zero only. It was done with grossly 
normal rotator cuffs, which may have properties different 
from those of degenerative, torn tendons. Second, as per-
formed in this study, the transosseous method pulls the 
supraspinatus down onto the greater tuberosity, whereas 
the suture bridge technique presses the tendon onto the 
tuberosity. Animal and human studies are necessary to 
determine if doing so results in different rates of healing. 
We did not measure differences in contact area or pressure, 
which may also contribute to the healing of the tendon and 
to the ultimate clinical results. Third, we did not use a 
video system to determine the site of the elongation; there-
fore, the measured elongation may have occurred at sites 
other than the edge of the tendon. However, we did not find 
any difference in elongation between the 2 repair methods, 
again supporting our conclusion that these methods are 
biomechanically equivalent. We also did not detect any vis-
ible slipping of the tendon within the cryoclamp during 
biomechanical testing. Finally, although the suture bridge 
repair is commonly used arthroscopically, we performed it 
using an open technique. Arthroscopic methods of repair 
may lead to different results.

In conclusion, we compared a mini-open rotator cuff 
repair method with an arthroscopic rotator cuff repair 
method and found no differences in conditioning elonga-
tion, failure load, or stiffness. This is the first biomechanical 

†References 3, 5, 7, 9, 11, 12, 14, 18, 21, 24.
‡References 3, 5, 7, 9, 11, 12, 14, 18, 21.
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study of human rotator cuff repair to show equivalence of 
arthroscopic and open repair methods.
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