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For many surgeons, rotator cuff surgery has progressed
during the last 2 decades from a completely open surgical
procedure to a mini-open procedure to a completely arthro-
scopic procedure. This technical advance in the perform-
ance of the surgery has been accompanied by a diminution

in postoperative pain and a decrease in residual stiffness
when compared with traditional open surgery.29

Despite the technical advances in rotator cuff surgery,
however, authors have continued to note either persistent or
recurrent defects after repair.2,7,9,17,18,31 One of the goals of
surgery is to obtain a structurally sound repair that is capa-
ble of surviving early motion. Sites of failure can include the
tendon, suture, bone, or anchor as well as the interfaces
between bone and suture anchor, suture anchor and suture,
or suture and tendon. Because of the introduction of stronger
anchors and stronger suture material, the suture-tendon
interface is the weak point of the initial repair construct.4,12

Many of the newer commercially available suture-anchor
products include polyblend suture materials that incorporate
ultra high molecular weight polyethylene (UHMWPE) into
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the suture in varying configurations. Although investigators
have tested the strength of damaged polyblend suture,33 its
abrasiveness to articular cartilage,34 and its ability to hold
knots,16,24 minimal data are available with respect to the
effect of suture material on the biomechanical properties of
the suture-tendon interface. A recent report documented the
propensity for polyblend suture to damage surgical gloves.19

If these newer sutures also have an increased propensity to
damage the rotator cuff, this could have a deleterious effect
on the structural integrity of the repair.

The primary purpose of our study was to test the effect of
suture type on the biomechanics of the rotator cuff–suture
interface under both cyclic and load-to-failure conditions. We
chose to test these sutures in bovine rotator cuff because of
the relative ease of availability as well as the greater consis-
tency of tendon material when compared with that found in
human cadaveric specimens, and we chose to compare the
biomechanical characteristics of constructs using the poly-
blend sutures with those using Ethibond (Ethicon Inc,
Johnson and Johnson, Piscataway, NJ), a commonly used
first-generation suture. The secondary purpose of the study
was to test the biomechanical properties of the sutures them-
selves under identical cyclic followed by load-to-failure condi-
tions. Our null hypotheses were (1) that there would be no
difference in the biomechanical performance of suture-
tendon constructs using the newer polyblend sutures when
compared either with each other or with Ethibond under
both cyclic and load-to-failure conditions in the bovine rota-
tor cuff specimens and (2) that there would be no difference
in the biomechanical characteristics of the polyblend sutures
when compared with each other or with Ethibond.

METHODS

Bovine Specimens

Sixteen fresh bovine disarticulated shoulders with the infra-
spinatus attached to the proximal humerus were obtained
from a local meat processing company. All animals were
mature at the time of slaughter. The infraspinatus tendon
was sharply detached from the proximal humerus at its
insertion and split longitudinally, yielding 32 specimens. No
visible abnormalities were noted on any specimen, and all
were kept moist with saline solution as necessary during
testing. Specimens were then randomized to biomechanical
testing of the suture-tendon interface using a simple stitch
of either Ethibond, Fiberwire (Arthrex Inc, Naples, Fla),
Ultrabraid (Smith and Nephew Inc, London, England), or
Orthocord (DePuy Mitek Inc, Johnson and Johnson,
Piscataway, NJ), all of size No. 2, with each configuration
tested 8 times. The experiment was designed to specifically
test the suture-tendon interface; for this reason, bone and
suture anchors were not used. Each suture was passed in
simple fashion through the tendon at 1 cm from the inser-
tion, and a 3-cm loop was tied in the suture using at least 5
square knots. The simple suture technique is still in clinical
use (particularly in the lateral row of double-row repairs)
and was chosen to minimize contamination of the results
attributable to unavoidable differences in surgical technique
from specimen to specimen. The 3-cm loop was used to

approximate the portion of suture that would be passed
through or over the greater tuberosity in a transosseous
repair technique. Microcalipers were used to measure the
exact distance from the edge of the tendon to the entry site
of the suture as well as the thickness of the tendon at the
site of the suture. Cross-sectional area was calculated using
the measured distance multiplied by the thickness of the
tendon at the site of suture passage. The loop was then
placed over the load cell of a Bionix Mini MTS machine
(MTS Systems Corp, Eden Prairie, Minn), and the tendon
was frozen into a cryoclamp 1 cm medial to the site of suture
passage (Figure 1).

Cyclic Loading Test

A cyclic loading test was performed to evaluate the perform-
ance of the different sutures under repeated loading condi-
tions.26 The construct was preloaded to 5 N for 30 seconds,
followed by 30 cycles from 5 to 30 N at 0.25 Hz using a half-
sinusoidal waveform. The maximum load for cycling was set
at 30 N based on preliminary testing, showing that this
would be approximately 25% of the maximum load to fail-
ure, and 30 cycles were chosen based on the observation that
the slope of the displacement versus time curve appeared to
become stable between 20 and 30 cycles. This cyclic protocol
has been used by other investigators.25-27,30 Elongation and
peak-to-peak displacement were determined in the cyclic
loading test (Figure 2). Elongation was defined as the difference

Figure 1. Bovine rotator cuff specimen held with a cryoclamp
with a single loop of suture placed through the tendon.
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in y-displacement between the 1st cyclic peak and the 30th
cyclic peak. Peak-to-peak displacement was defined as the
average of the local minimum to maximum of the 28th, 29th,
and 30th cycles.

Load-to-Failure Tensile Test

After cyclic loading, each tendon specimen was loaded to fail-
ure at 1 mm/s.26 Load versus displacement was recorded
until failure. Ultimate tensile load was considered to be the
peak force recorded. Stiffness was calculated by determining
the slope of the best fit line on the load versus displacement
curve. Failure mechanism was recorded for each specimen.

Suture Specimens

A 3-cm loop of each suture was created using at least 5
square knots and was connected to the load cell of the MTS
machine. Four sets of each suture were then tested using a
cyclic loading followed by a load-to-failure protocol identi-
cal to that described for the bovine specimens.

Statistical Analysis

A 1-way analysis of variance was used to determine the effect
of the suture type on the biomechanical properties of the
suture-tendon specimens. Post hoc comparisons were tested
on all significant analysis of variance findings with a Tukey
honestly significant difference. Statistical analysis of dis-
tance from tendon edge to suture entry, tendon thickness,
area, elongation, peak-to-peak displacement, ultimate tensile
load, and stiffness was performed. Significance was set at 
P < .05. All statistical analyses were performed using SPSS
version 14 (SPSS Inc, Chicago, Ill).

RESULTS

Bovine Specimens

Specimen Consistency. There was no significant differ-
ence between mean specimen thickness at the site of
suture penetration, mean distance from tendon edge to

suture entry site, or cross-sectional area of tendon in any
group of specimens (Table 1).

Cyclic Loading. The cyclic loading test revealed no signifi-
cant difference between Ethibond, Fiberwire, or Orthocord
with respect to elongation but did show significantly greater
elongation for Ultrabraid. Peak-to-peak displacements were
lowest for Fiberwire and highest for Orthocord, with these
differences being significant (Table 2).

Load to Failure. Load-to-failure testing showed no signif-
icant differences between any suture material with respect
to ultimate tensile load. There was a significant difference
in stiffness between several suture-tissue specimens, with
Ethibond constructs being less stiff than Orthocord and
Fiberwire but not significantly different than Ultrabraid.
Fiberwire was stiffer than Ultrabraid but was not signifi-
cantly stiffer than Orthocord (Table 2).

Mechanism of Failure. All Fiberwire and Ultrabraid spec-
imens failed as a result of suture pulling through the ten-
don. Three Ethibond and 6 Orthocord specimens failed by
suture pulling through the tendon; the remaining 5
Ethibond and 2 Orthocord specimens failed by suture break-
age away from the knot.

Suture Material 

Cyclic Loading. Cyclic testing showed significantly lower
elongation for Fiberwire than Ultrabraid, but the magnitude
of the differences between suture materials was minimal
(<0.1 mm). Peak-to-peak displacement was significantly
greater for Ethibond and Orthocord, but once again the
magnitude of this difference was relatively small (approx-
imately 0.3 mm) (Table 3).

Load-to-Failure Testing. Ultimate tensile load was highest
in Fiberwire, followed by Ultrabraid, Orthocord, and finally
Ethibond. Stiffness was greatest for Fiberwire and Ultrabraid,
followed by Orthocord and finally by Ethibond (Table 3).

DISCUSSION

Surgical treatment of rotator cuff tears has progressed over
the last 2 decades from open to mini-open to all-arthroscopic
repairs, and this progression has been accompanied by an
explosion in the number of devices available for fixation of the
tendon to the greater tuberosity. Despite the progress in surgi-
cal technique, however, there is still a significant incidence of

Figure 2. Graph of displacement versus cycles, illustrating
how initial displacement, elongation, and peak-to-peak dis-
placement were determined during cyclic testing.

TABLE 1
Measurements of Rotator Cuff Specimensa

Distance From Area of Tendon 
Suture Tendon Edge to Suture Spanned by 
Group Thickness, mm Entry, mm Suture, mm2

Ethibonda 8.75 (1.52) 12 (1.89) 96.7 (14.2)
Fiberwirea 8.62 (1.50) 12 (1.90) 103 (14.9)
Orthocorda 9.43 (1.54) 10.1 (0.68) 95.5 (20.1)
Ultrabraida 8.98 (1.75) 11.4 (1.55) 96 (20.3)
P .756 .075 .829

aValues are mean (SD).
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persistent or recurrent defects of the repaired cuff after sur-
gery.2,7,9,17,18,31 Multiple failure modes have been reported and
examined in rotator cuff surgery including suture failure,
knot failure, suture pull through soft tissue, failure of the
suture-anchor interface, and anchor pull-out of bone. With
the introduction of stronger anchors and suture material, the
suture-tendon interface has been implicated as the weakest
link in the repair of the rotator cuff.4,12

One significant advance in the design of suture material
has been the introduction of polyblend sutures that incorpo-
rate UHMWPE into the suture. These sutures have been
shown to be stronger than standard polyester sutures both
when intact and when damaged.33 Fiberwire is a nonab-
sorbable, polyester suture with a UHMWPE multifilament
core and a braided polyester jacket. The nonbraided core
resists elongation and is further protected by the polyester
jacket. Orthocord combines an absorbable polydioxanone
(PDS) core coated with polyglactin 910 and a nonabsorbable
UHMWPE sleeve with the goal of leaving a lower profile
suture once the PDS has dissolved. Ultrabraid has braided,
nonabsorbable polyethylene fibers without a longitudinal
core. Prior biomechanical studies have examined the suture-
anchor interface,13,14,23,34 the anchor-bone interface,5,6 and the
individual properties of suture and suture configurations.§

However, few have specifically examined the suture-tendon

interface,26,35 and few have examined the polyblends
Orthocord and Ultrabraid. A recent article reported the
increased incidence of glove tears attributable to the use of
polyblend suture in rotator cuff surgery,19 which creates the
concern that these sutures may also damage rotator cuff ten-
don. We are aware of no study that specifically compares the
effect of different polyblend sutures on the suture-tendon
interface. To address this question, we compared the biome-
chanical behavior of these 3 polyblend sutures to that of
Ethibond, a braided polyester suture. Our purpose in this ini-
tial study was not to determine the optimal suture type and
repair method for rotator cuff surgery but rather to determine
whether different suture materials would cause differences in
the biomechanical behavior of suture-tendon specimens and
whether further study using human specimens and clinically
relevant repair methods would be worthwhile.

With respect to our first hypothesis, our study revealed
significant differences in elongation, peak-to-peak displace-
ment, and stiffness when different suture materials were
compared in bovine rotator cuff using a single simple stitch.
These differences, although statistically significant, were
small in magnitude. However, they were much greater than
those differences found when the sutures were tested in
isolation, suggesting that the differences occurred at the
suture-tendon interface and were not simply attributable to
differences in the biomechanical behavior of the sutures
themselves. We demonstrated a significant effect of suture

TABLE 2
Biomechanical Behavior of Suture-Tendon Specimensa

Variable Ethibond Fiberwire Orthocord Ultrabraid

Cyclic loading test
Elongation, mm 0.98 (0.29) 0.95 (0.40) 1.04 (0.18) 1.48 (0.30)b

Peak-to-peak displacement, mm 0.87 (0.09)c 0.55 (0.12)b 1.02 (0.08)b 0.74 (0.08)c

Load-to-failure test
Ultimate tensile load, N 133 (15) 152 (56) 181 (55) 165 (49)
Stiffness, N/mm 9.2 (2.3)c 16.5 (3.8)d 14.8 (2.5)e 12.2 (2.5)f

aValues are mean (SD).
bSignificantly different versus all others.
cSignificantly different versus Fiberwire and Orthocord.
dSignificantly different versus Ethibond and Ultrabraid.
eSignificantly different versus Ethibond.
fSignificantly different versus Fiberwire.

TABLE 3
Biomechanical Behavior of Isolated Suture Specimensa

Variable Ethibond Fiberwire Orthocord Ultrabraid

Cyclic loading test
Elongation, mm 0.14 (0.019) 0.12 (0.023)b 0.18 (0.017) 0.20 (0.063)c

Peak-to-peak displacement, mm 0.35 (0.005)d 0.20 (0.006)e 0.56 (0.016)d 0.20 (0.008)e

Load-to-failure test
Ultimate tensile load, N 141 (8.0)d 335 (20.2)e 275 (19)d 325 (24)e

Stiffness, N/mm 21.5 (3.1)d 59.9 (5.65)e 36.2 (1.66)d 59.9 (5.01)e

aValues are mean (SD).
bSignificantly different compared with Ultrabraid.
cSignificantly different compared with Fiberwire.
dSignificantly different compared with all.
eSignificantly different compared with Ethibond and Orthocord.

§References 1, 3, 4, 10, 11, 15, 20-22, 26, 28, 30, 32
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material on biomechanical behavior of suture-tendon speci-
mens after only 30 cycles. We did not measure elongation
after hundreds or thousands of cycles, as would occur in a
clinical setting, and we consider this to be an important area
for future research. It is possible that the differences in elon-
gation found after 30 cycles would be much greater with a
more clinically relevant number of cycles. We found no signif-
icant difference in ultimate tensile load but did find signifi-
cant differences in stiffness. The finding of no difference in
ultimate tensile load suggests that these sutures do not cause
a significant weakening at the suture-tendon interface com-
pared with Ethibond, at least in the model tested. However,
the tendency for the polyblend sutures to fail by cutting
through the tendon at loads much lower than their ultimate
tensile load may partially reduce the advantage conferred
by their greater tensile strength compared with Ethibond.
Our inability to demonstrate a suture-related difference in
ultimate tensile load may also be attributable to our small
sample size, and the lack of a significant difference should be
interpreted with caution. Studies with larger numbers of
specimens may indeed reveal differences in this factor as well.
We therefore demonstrated that the choice of suture material
can affect some of the biomechanical parameters of the
suture-tendon interface, at least in a bovine model. Further
studies in human cadaveric tissue using more complex suture
methods and greater numbers of cycles are necessary to
determine whether these differences are clinically important.

Regarding our second hypothesis, we found significant
differences between suture material in all biomechanical
parameters studied. The differences in cyclic loading per-
formance when testing the sutures in isolation were likely
too small to be clinically relevant. The load-to-failure test-
ing of sutures in isolation showed that the polyblend
sutures were much stronger and stiffer than Ethibond, a
finding that has been reported by other authors.6

We acknowledge several important limitations of our study.
First, the use of a bovine model limits the direct extrapolation
of our results to human rotator cuff repairs. We chose to use
bovine rotator cuff specimens because of their availability and
relative consistency compared with human specimens.
Although other investigators have used bovine infraspinatus
to test various methods of rotator cuff repair,22 differences
including tendon thickness, muscle pennation, and collagen
fiber orientation between bovine infraspinatus and human
supraspinatus may have influenced our results in unknown
ways. Second, although we randomized the specimens before
assigning them to a group, there may have been differences in
the specimens themselves that influenced our findings. We
attempted to control for this by calculating the area of the ten-
don spanned by the suture and using only mature animals,
but differences in tendon degeneration may have been pres-
ent despite the randomization process and may have affected
our results. Third, we tested only a single, simple suture,
which may be rarely used in current practice, and incorpo-
rated a 3-cm loop to approximate the amount of suture that
would be passed over or through the greater tuberosity in a
transosseous repair. Most authors recommend multiple
sutures, often in locking fashion, during rotator cuff repair,
and the use of suture anchors would result in a much smaller
loop and decrease the overall contribution of the suture mate-
rial to the biomechanical behavior of the construct. We chose

a simple suture because of its ease and reproducibility, and
we thought it would be the suture method least likely to
influence our results because of surgical technique. The
fact that essentially all of our means had very low stan-
dard deviations attests to the reproducibility of this tech-
nique, but the choice of a suture method that is rarely used
alone clinically means that our results should not be
extrapolated to other suture methods or to repairs using
anchors. We attempted to test a modified Mason-Allen
stitch as well but found that this changed the mode of fail-
ure during load-to-failure testing to suture breakage
rather than pulling through the tendon in all specimens,
and we thought that this failure mode poorly reflected that
seen clinically. We plan to compare suture materials using
the modified Mason-Allen stitch in human cadaveric tissue.
Fourth, we did not directly document the site of elongation
in our specimens. It is possible that the differences in elon-
gation were attributable to different degrees of knot slip-
page rather than differences at the suture-tendon interface;
however, direct observation during the cycling process as
well as inspection of the samples after load-to-failure testing
failed to reveal evidence of knot slippage in any specimen.
Also, the differences in elongation and peak-to-peak dis-
placement when the sutures were tested in isolation,
although significant, were quite small, which further sup-
ports the conclusion that the differences in the suture-tendon
specimens were occurring at the suture-tendon interface
rather than at the knot or in the 3-cm loop. Finally, as men-
tioned above, we terminated cyclic testing after only 30
cycles. We did this to duplicate the methods used by other
authors.16,25,26,30 However, this limits the conclusions that we
can draw regarding the performance of the specific sutures
after a more clinically relevant number of cycles.

We are in the process of publishing a study on repair of the
distal biceps tendon8 that shows inferior performance of No. 5
Fiberwire when compared with No. 5 Ethibond when a repair
using a Bunnell stitch in human cadaveric specimens  is
cycled 3000 times using loads up to 100 N. This is in direct
contrast to the current study, which shows superior perform-
ance of No. 2 Fiberwire when compared with No. 2 Ethibond
(as well as the other polyblend sutures) in bovine rotator cuff
when cycled 30 times using loads of up to 30 N. These differ-
ences are probably explained by some combination of differ-
ences in species; tendon location, strength, age, and structure;
complexity of suture technique; diameter of suture; loads
during cycling; number of cycles; and biomechanical param-
eters measured; however, the contrasting results in these
studies should stimulate further investigation using clini-
cally applicable models for each repair situation. One recent
publication that compared different suture materials noted
minimal gap formation of cyclically loaded bovine gastrocne-
mius tendon repairs when the investigators used polyblend
suture placed in a single locking configuration but showed
increased gap formation compared with braided polyester
when polyblend suture was used in other configurations.35

CONCLUSIONS

The type of suture material significantly influenced the
elongation, peak-to-peak displacement, and stiffness but
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not the ultimate tensile load of bovine rotator cuff/simple
suture specimens. Suture material tested in isolation also
had cyclic and load-to-failure performance that varied sig-
nificantly according to type of suture material. If a surgeon
wanted to choose a suture material that when used in a
rotator cuff repair combined the lowest peak-to-peak dis-
placement and elongation with the greatest stiffness, then
our study would support Fiberwire as the suture material of
choice for this surgery. However, because of conflicting con-
clusions between this study and our study of distal biceps
repairs, as well as the specific repair method used in this
study, we recommend that further studies be done in human
cadaveric specimens using more complex suture techniques
under physiologic loads and clinically relevant numbers of
cycles before a specific suture material is recommended.
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