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Biocomposite Anchors Have Greater Yield Load and
Energy Compared With All-Suture Anchors in an
In Vitro Ovine Infraspinatus Tendon Repair Model

Robert A. Walton, M.D., Lindsey Liuzza, M.D., Catherine Takawira, M.S.,

Claudia Leonardi, Ph.D., and Mandi J. Lopez, D.V.M., M.S., Ph.D.
Purpose: To compare tensile fatigue and strength measures of biocomposite and all-suture anchors in an ovine humerus-
infraspinatus tendon model of rotator cuff repair. Methods: Infraspinatus tendons on adult ovine humeri were sharply
transected at the insertion. One of each pair was assigned randomly for fixation with 2 biocomposite or all-suture anchors.
Constructs were tested with 200 cycles of 20 to 70 N tensile load, and gap formation was measured at the incised tendon
end every 50 cycles. They were subsequently tested to failure. Outcome measures including fatigue stiffness, hysteresis,
creep, and gap formation and tensile stiffness, and yield and failure displacement, load, and energy were compared be-
tween anchors. Results: Biocomposite anchors had greater yield load (134.1 � 6.5 N, P < .01) and energy (228.6 � 85.7
J, P < .03) than all-suture anchors (104.7 � 6.5 N, 169.8 � 85.7 J). Fatigue properties were not different between anchors,
but stiffness and gap formation increased and hysteresis and creep decreased significantly with increasing cycle number.
Conclusions: Although the yield displacement of both anchors was within the range of clinical failure, the tensile yield
load and energy of ovine infraspinatus tendons secured to the humerus with 2 single-loaded all-suture anchors in a single
row were significantly lower than those secured with 2 biocomposite anchors in the same configuration. Clinical
Relevance: It is important to understand the biomechanical properties for selecting anchors for rotator cuff repair. A
direct comparison of fatigue testing followed by failure strength of infraspinatus tendon fixation with all-suture and
biocomposite anchors could help guide anchor selection and postoperative mobility recommendations.
otator cuff disease accounts for more than 4.5
Rmillion physician visits per year in the United
States.1-4 Arthroscopic repair is the gold standard for
surgical treatment of rotator cuff tears with persistent
symptoms or tears larger than 1 to 1.5 cm5; repair of
partial or complete tear has relatively good patient
outcomes.6 Suture anchors are used to secure soft tissue
to bone for repair of full-thickness tears, and metal,
biodegradable, and biocomposite anchors are standard.
Although there are both advantages and disadvantages
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to solid-anchor composition and design, they have
comparable pull-out strength and perform equally well
in terms of patient outcomes.7,8

One option for rotator cuff repair is all-suture anchors
with high-strength suture strands attached to a stiff
suture section that is deployed in a bone socket for
subcortical fixation.9 All-suture anchors are reported to
have advantages over solid anchors, including a smaller
bone socket and the ability to accommodate multiple
sutures.10-12 In addition, the material properties reduce
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the risk of articular damage from a dislodged an-
chor.7,13 There is a lack of consensus in the existing
literature regarding the pull-out and fatigue properties
of all-suture anchors compared with solid anchors, with
substandard, comparable, and superior properties re-
ported for all-suture anchors.10,13,14 Differences in
testing methods, outcome measures, and species
complicate comparisons among studies.10,12,13,15,16

Many of the studies do not include bone-tendon con-
structs but compare tensile strength and fatigue prop-
erties of individual implants in bone.12,15-17 Immediate
postfixation bone-tendon construct properties are vital
to the current paradigm of early postsurgical joint
mobilization.18-21 Human and ovine infraspinatus ten-
dons are similar in size and shape, with an average
thickness of 3.9 mm, and they have a comparable
length and footprint.22,23 A direct comparison of fatigue
testing followed by failure strength of infraspinatus
tendon fixation with all-suture and biocomposite an-
chors could help guide anchor selection and post-
operative mobility recommendations.
The purpose of this study was to compare tensile fa-

tigue and strength measures of biocomposite and all-
suture anchors in an ovine humerus-infraspinatus
tendon model of rotator cuff repair.22-28 We hypothe-
sized that there would be no significant difference in
tensile fatigue and strength measures between the 2
infraspinatus fixation constructs.
Methods

Construct Preparation
Five pairs of adult ovine shoulders were obtained

immediately postmortem from an abattoir. Skin and
subcutaneous tissue were removed, and the limbs were
wrapped in saline-soaked towels, sealed in plastic bags,
and maintained frozen at e20�C until use. They were
thawed in room temperature saline (21�C) overnight.
The scapula and all soft tissues were removed except
the infraspinatus tendon, which was sharply detached
from the muscle origin. The tendon was sharply
transected from the humeral insertion. Specimens were
assigned randomly to treatment cohorts with a random
number generator (Excel, Microsoft 365; Microsoft
Corp., Redmond, WA). Tendons were immediately
reattached in the humeral footprint with either 2
single-loaded 5.5-mm biocomposite anchors (Fig 1A;
CrossFT, CONMED Corp., Largo, FL) or two 2.8-mm
all-suture anchors (Fig 1B; Y-Knot, CONMED Corp.)
placed in a single row 3 to 4 mm from the tendon edge
according to the manufacturer’s instructions. Simple
square knots with 4 throws were used to secure the
tendon to the anchor. All fixations were completed by
the same investigator (L.L.). The solid bone anchors are
stabilized by interdigitation of the anchor threads with
bone. The all-suture anchors, in contrast, are held in
place when they are deployed to expand to 5 mm un-
der cortical bone after passing through a 2.8-mm bone
tunnel. Therefore, the outer diameter of the all-suture
anchors was 5.0 mm. One suture was removed from
each anchor so that only one remained, and the suture
size (#2 Hi-Fi; CONMED Corp.) was identical between
the anchors.

Biomechanical Testing
Humeri were transected in the mid-diaphysis with a

sagittal saw (#DCS380B; Dewalt, Towson, MD) and
stabilized within 2.3-cm (inner diameter) � 6-cm long
electrical metallic tubing (Allied Tube and Conduit,
Havey, IL) with fiberglass polyester resin (Bondo; 3M,
Atlanta, GA). Constructs were affixed to the hypote-
nuse of an equilateral right-angle wedge fixture (12.7
long � 7.6 wide � 12.7 cm high) attached to the 1 �
103 N capacity load cell of a materials testing system
(8841 Dynamite; Instron, Canton, MA) using 2 one-
hole U-tube strap clamps (3.3 cm inner diameter,
Fig 1. Photographs of a 5.5-mm-diameter
biocomposite anchor (A) and a 2.8-mm all-
suture anchor (B), each with two No. 2
sutures. For purposes of this study, one
suture was removed from each anchor.



Fig 2. Ovine infraspinatus-humerus con-
structs stabilized in the testing fixture for
tensile fatigue and single cycle to failure
testing imaged from 2 perspectives, later-
omedial (A) and caudocranial (B).
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2.5 cm high; W.W. Grainger, Inc., Lake County, IL)
placed directly next to each other with their holes on
opposite sides of the cylinder (Fig 2). The upper clamp
was placed so that the highest edge of the cylinder and
clamp were level. The wedge was attached to the load
cell at the midpoint of its adjacent side. There was a
small depression at the midpoint of the top edge of the
wedge. The greater tuberosity of each specimen rested
above the surface of the depression and the position of
the specimens relative to the top edge of the wedge was
adjusted such that the infraspinatus tendon was at an
angle of 135� relative to the long axis of the humer-
us.16,29,30 The free end of the tendon was dipped in
liquid nitrogen and then clamped in pneumatic versa
grips with serrated faces (Instron) 10 mm from the
transected edge of the tendon. Two 1-mm diameter
circles of India ink were placed on the tendon next to
each suture and on the bone directly beneath the
transected edge with an 18-g needle. The distance be-
tween corresponding marks on the tendon and bone
was measured with an electronic caliper (Mitutoyo
#500-196; Mitutoyo Corp., Sakado, Japan) with 20 N
applied and then with 70 N of tensile load after every
50 tensile load cycles described below. Four sequences
of tensile loading cycles from 20 to 70 N were applied at
a rate of 0.16 Hz to give a total of 200 cycles.16,29,31,32

Outcome Data
Stiffness, hysteresis, and creep values were deter-

mined from load displacement curves of 3 cycles at the
end of each testing sequence, 50, 100, 150, and 200
cycles. The gap formation, defined as the change in
distance between the longitudinally aligned marks on
the tendon and bone measured during the initial 20-N
tensile load and a 70 N-load after each loading
sequence, was calculated as Gapn ¼ Gap70Nn e
Gap20N0 where n ¼ cycle number. After fatigue
testing, specimens were tested in a single cycle to failure
at a loading rate of 1 mm/s from a 20-N preload.
Stiffness, yield and failure load, displacement, and
energy were derived from load-displacement curves
(10 Hz sampling rate). The failure mode was recorded
during each test and confirmed on digital recordings of
all tests.

Statistics
Data were analyzed using SAS/STAT, version 9.4

(SAS Institute Inc., Cary, NC). Failure outcomes were
analyzed using MIXED models with anchor type as a
fixed effect. Fatigue outcomes measured over cycles
were analyzed as repeated measures using MIXED
models with anchor type, cycle number, and their
interaction as fixed effects. The testing session and the
animal within the testing session were included as
random effects in all above models. The dependency
between fatigue observations within the animal was
modeled using a compound symmetry covariance
structure that provided the best fit based on the
Bayesian information criterion. Residuals were inde-
pendently identically normally distributed with
homogenous variance. Significance was declared for
P < .05.



Table 1. Fatigue Testing Cycles Results (n ¼ 5 Biocomposite, n ¼ 5 All-Suture)

Property

Least Square Mean � SEM

50 C 100 C 150 C 200 C

Stiffness, Nmm 50.4 � 6.0a 54.2 � 6.0b 56.5 � 6.0c 59.4 � 6.0d

Hysteresis, J 4.9 � 0.5a 3.8 � 0.5a/b 3.2 � 0.5b 3.2 � 0.5b

Creep, mm 2.81 � 0.16a 0.46 � 0.17b 0.28 � 0.16b 0.25 � 0.16b

Gap, mm 9.8 � 0.8a 10.7 � 0.8b 11.3 � 0.8c 11.5 � 0.8c

NOTE. Values with different superscripts within an outcome measure are significantly different between cycle numbers.
C, cycles; SEM, standard error of the mean.
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Results
Data were available for 10 specimens (n ¼ 5 bio-

composite, n ¼ 5 all-suture). There were no significant
differences in fatigue outcomes between anchors, but
all outcomes changed with increasing cycle numbers
(Table 1). As such, results from both anchor types were
combined to evaluate the cycle effect on fatigue prop-
erties. Significant differences included greater stiffness
after each set of 50 cycles compared with the previous
set, lower hysteresis after 150 and 200 cycles compared
with after 50 cycles, and lower creep after 100, 150, and
200 cycles compared with after 50 cycles (Fig 3). In
addition, the gap was greater after 100 versus 50 cycles
and after 150 and 200 cycles compared with 50 and 100
cycles. Biocomposite anchors had greater yield load
(134.1 � 6.5 N) than all-suture anchors (104.7 � 6.5 N,
P < .011), and they also had a greater yield energy
(228.6 � 85.7 J) than the all-suture anchors (169.8 �
85.7 J, P < .031) (Fig 4, Table 2). There were no dif-
ferences in stiffness, yield displacement, or failure load,
displacement, or energy between the 2 anchors. All
constructs failed at the suture-tendon interface with
suture pulling through tendon tissue (Fig 5).
Discussion
On the basis of the results of the study, the hypothesis

that there would be no significant difference in tensile
fatigue and strength measures between the 2 infra-
spinatus fixation constructs was rejected. Specifically,
the fatigue properties between the 2 anchors were
similar, although the yield properties, load, and energy,
were greater for the biocomposite anchor. Currently,
there is no universally accepted gold standard construct
for rotator cuff repair. All-suture anchors have advan-
tages over solid like fewer loose body complications and
reduced bone loss.10-12,33 They are reported to preserve
more humeral bone surface area compared to bio-
composite anchors, which is valuable for revision re-
pairs.30 However, differences in mechanical properties
of suture anchors continue to be an important focus of
clinical investigation.7,34

Increasing stiffness and decreasing hysteresis and
creep with increasing cycle number recorded in this
study during fatigue testing is consistent with tissue
cyclic stress relaxation.35 The number of cycles was
sufficient to test the fatigue properties and supported
uniform single cycle to failure testing as previously re-
ported.15 An important contribution of this study that
tends to be rarely reported is the yield energy, area
under the load-displacement curve, that represents the
energy absorbed by the construct before undergoing
plastic deformation at the yield load. The lower yield
properties can be explained by findings of a previous
study comparing the pull-out behaviors of individual
all-suture and biocomposite anchors in cadaveric hu-
man glenoids in which the all-suture anchor allowed
more micromotion between the device and the bone
because of greater compressibility.36 The yield dis-
placements, about 2.5 mm for the all-suture and 3.0
mm for the biocomposite anchor, were consistent with
clinical failure, considered to be 1 to 3 mm.37

Construct failure caused by tendon tissue tearing
rather than anchor pull-out or anchor or suture
breakage is typical of studies using bone-tendon con-
structs.25 The failure load for the all-suture and bio-
composite anchors in this study, 196.8 � 31.4 N and
181.9 � 31.4 N, respectively, were comparable with the
reported maximum tensile force of all-suture anchors
in human humeral heads that ranged from 103.9 to
145.8 N and that of a plastic anchor that was 181.0 N.15

In the same study, the gap formation measured during
fatigue testing tended to be similar to or greater than
that quantified in this study. Specifically, fatigue gap
formation ranged from 9.8 mm after 50 cycles to 11.5
mm after 200 cycles in this investigation. Among the
all-suture anchors tested in the previous study, the gap
formation range after 50 cycles was 6.9 to 10.3 mm,
and it was 22.9 to 27.3 mm after 200 cycles, although 2
of the 4 anchors tested failed before 200 cycles. A
distinct difference between the studies is that the gap
was measured between the testing fixtures holding the
suture and the bone while the gap between the bone
and the end of the tendon was measured directly on the
constructs for this investigation. In another study using
cadaveric human labrums, the ultimate failure loads of
the all-suture and biocomposite anchors were 146 N
and 175 N, respectively.13 In contrast to most published



Fig 3. (A) Stiffness (A), hysteresis (B), creep (C), and gap (D) of all-suture and biocomposite anchors combined after 50, 100,
150, and 200 tensile cycles from 20-70 N (least square mean � standard error of the mean). Columns with different superscripts
within graphs are significantly different (P < .05).
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studies, the constructs used in this study allowed
comparison of soft-tissue fixation to bone with 2
different anchors. The tensile properties of bone-soft
tissue constructs are distinct from those of anchors
embedded in natural or synthetic bone, and bone-soft
tissue constructs more closely represent clinical appli-
cation. In this study, yield load and energy, consistent
Fig 4. Yield load (A) and energy (B) from single cycle to failure
square mean � standard error of the mean).
with clinical failure, were significantly different be-
tween the anchors tested in contrast to the lack of dif-
ference in failure properties when sutures pulled
through tendon tissue. A recent systematic review and
meta-analysis of tensile properties of single-loaded
suture anchors in synthetic or human bone showed
that load to failure was higher in all-suture versus
tensile testing of all-suture and biocomposite anchors (least



Table 2. Failure Testing Results (n ¼ 5 Biocomposite, n ¼ 5
All-Suture)

Property

Anchor Type

Pr > F

All-Suture Biocomposite

Least Square Mean � SEM

Load, N
Yield 104.7 � 6.5a 134.1 � 6.5b 0.011
Failure 196.8 � 31.4 181.9 � 31.4 0.647

Displacement, mm
Yield 2.5 � 1.1 3.0 � 1.1 0.087
Failure 8.8 � 1.4 6.1 � 1.4 0.255

Energy, J
Yield 169.8 � 85.7a 228.6 � 85.7b 0.031
Failure 1350 � 390.5 716.8 � 390.5 0.299

Stiffness, N/mm 42.1 � 15.0 47.4 � 15.0 0.366

NOTE. Values with different superscripts within an outcome mea-
sure are significantly different between anchor types.
Pr > F, p value of the F statistic; SEM, standard error of the mean.
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biocomposite anchors.38 This further emphasizes that
differences in methods and specimens between studies
make comparisons among them difficult.
Although the results of this study indicate that all-

suture anchors have a lower yield load and energy,
recent noninferiority studies showed no differences in
outcomes between arthroscopic repair of rotator cuff
tears with solid or all-suture anchors.39,40 There were
lower rates of retear, anchor displacement, and suture
failure in the all-suture versus biocomposite anchor
group in one study,39 and a nonsignificant, but greater
retear rate at 12 months in the all-suture cohort
compared with the titanium anchor in the other.40 In a
study that included a comparison of the pull-out
properties of all-suture anchors, the ultimate failure
load of all suture anchors was directly correlated with
the number of sutures.41 It is possible that the smaller
footprint of the all-suture anchor and subsequent
Fig 5. Photographs showing a transected ovine infraspinatus t
all-suture anchors before (left) and after (right) construct failure.
ability to place more anchors could compensate for the
lower individual yield property and allow for greater
overall repair strength. However, poor bone quality
(osteopenia/osteoporosis) can negatively affect the
purchase of all-suture anchors, particularly when
the cortical integrity is compromised. Although outside
the purview of this study, addition of sutures to the all-
suture anchor or increasing the number of the anchors
themselves could improve yield properties. Additional
work is necessary to determine the clinical relevance of
the study findings.

Limitations
The methods reported here were sufficient to test the

stated hypothesis, but the results are limited to
the single-loaded suture anchors evaluated within
the constraints of an ex vivo mechanical testing study.
The comparisons included only one commercial brand
of both an all-suture and biocomposite anchor, and the
mechanical distinctions identified between the anchors
may not correspond to a clinical difference. Testing of
additional constructs might have made it possible to
identify other dissimilarities between the anchors.
Although ovine and human infraspinatus tendons have
similar biomechanical, anatomical, and histologic
properties, there are inherent differences between
species, and sharp tendon transections do not replicate
traumatic tears.22-24 The configuration of single-loaded
anchors used for comparative purposes in this study is
not representative of the majority of clinical cases.

Conclusions
The results of this study contribute distinct, new in-

formation about the mechanical behavior of infra-
spinatus tendon fixation with single-loaded all-suture
or biocomposite anchors. Although the yield displace-
ment of both anchors was within the range of clinical
endon secured to the native humeral insertion site with 2
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failure, the tensile yield load and energy of ovine
infraspinatus tendons secured to the humerus with 2
single-loaded all-suture anchors in a single row were
significantly lower than those secured with 2 bio-
composite anchors in the same configuration. It is
possible that the lower yield properties can likely be
overcome with additional sutures or suture anchors,
but bone quality can also affect the effectiveness of all-
suture anchors in the clinical setting. The mechanical
behaviors quantified in this study may not directly
translate to clinical differences. As such, further
research is necessary to fully elucidate the clinical im-
plications of the study outcomes and to address the
limitations inherent to the study design.
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