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The Effect of Torque Differences for All-Suture
Anchor Fixation Strength: A Biomechanical Analysis
Lucca Lacheta, M.D., Jon Miles, M.S., Brenton Douglass, B.A., and
Peter Millett, M.D., M.Sc.
Purpose: To investigate the biomechanical influence of differential loading of suture strands (torque) on the fixation
strength of knotted and knotless all-suture anchors. Methods: The biomechanical strength of 48 all-suture anchors was
evaluated for 4 conditions in polyurethane foam blocks: (1) 12 knotted all-suture anchors loaded proportionately, (2) 12
knotted all-suture anchors with 1 suture strand bearing 50% of total force (partial torque), (3) 12 knotted all-suture
anchors with 1 strand fixated and the other loaded (full torque), and (4) 12 knotless all-suture anchors with the loop
kept open via a fixed rod. Force for 1 mm and 2 mm of displacement and ultimate failure load were assessed. Results: For
1 mm of displacement, groups 2, 3, and 4 showed significantly lower forces than group 1 (all P < .001), with no statis-
tically significant difference between groups 2 and 3 (P ¼ .516); for 2 mm of displacement, all groups showed significantly
lower forces than group 1 (P < .001), which positively correlated with applied torque. No differences in the mean ultimate
loads observed between testing groups 1, 2, and 4 were noted, with 93.3 � 3.8 N, 91.4 � 4.7 N, and 92.6 � 5.6 N,
respectively; however, group 3 exhibited a significantly lower mean ultimate load (62.3 � 1.7 N) than all other groups (P
< .001). Conclusions: The ultimate failure load of knotted and knotless all-suture anchor fixation was partially affected
by loading differentials between strands in this validated foam block model. Differential loading of knotted all-suture
anchor fixation presented greater initial displacement when compared with symmetrically loaded knotted all-suture
anchors. Despite an initial increase in displacement, knotless all-suture anchors showed similar ultimate failure loads to
knotted all-suture anchors with strands loaded equally. Clinical Relevance: The role of suture strand loading imbalance
on anchor fixation is variable and should be considered during placement and fixation of the repair constructs in a clinical
setting.
oft-tissue repair with all-suture anchors has grown
Sin popularity because of the sutures’ ability to
preserve bone stock, improve postoperative imaging
after surgery, and facilitate easier revision surgery if
necessary.1-4 These all-suture anchors consist of a soft
upper section and a stiff lower section that allow the
anchor to increase in diameter when tension is applied,
securing it to the cortical bone. Owing to the soft
component of all-suture anchors, secure fixation in the
intramedullary space must be provided by gentle,
simultaneous pulling of both suture limbs to have the
anchor seated against the cortex.1
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Previous studies have addressed concerns about the
fixation strength of all-suture anchors owing to their
soft component and have shown that the ultimate
failure load of all-suture anchors is similar to that of
established solid suture anchors.5-8 However, all-suture
anchors have been shown to have different biome-
chanical properties than solid suture anchors in terms
of greater initial displacement owing to their soft
component, achievement of higher ultimate loads to
failure in high-density bone, and last, stronger pullout
strength in the physiological traction direction of the
capsulolabral complex in labral repairdor of the
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supraspinatus in rotator cuff repairdrather than in the
knot-tying direction.2,9,10 Anchor failure during, for
example, knot tying is a clinical observation that sug-
gests that asymmetrical suture strand loads are applied
while tying the knot for knotted all-suture anchors or
securing the self-locking mechanism for knotless all-
suture anchors, which may result in additional drilling
or even bone loss, with the need to increase the
diameter of drilling.
The purpose of this study was to investigate the

biomechanical influence of differential loading of suture
strands (torque) on the fixation strength of knotted and
knotless all-suture anchors. It was hypothesized that
increased imbalance of applied loads on all-suture an-
chors would result in decreased biomechanical stability.
Methods

Experimental Design
The biomechanical stabilities of 48 all-suture anchors

were evaluated in 4 separate testing groups: Group 1
comprised 12 knotted anchors (1.7-mm FiberTak Su-
ture Anchors; Arthrex, Naples, FL) equally loaded on
both suture strands (no torque); group 2 consisted of 12
knotted anchors with the second strand bearing 50% of
the amount of force as the first strand (partial torque),
group 3 comprised 12 knotted anchors with 1 suture
Fig 1. Testing apparatus for each testing group. (A) No-torque
around a bar on the actuator. (B) Partial-torque group. One strand
outer diameter of 2 inches, pulley B has an outer diameter of 3.5
of 1,245 g. (C) Full-torque group. One strand is secured to the ba
Knotless group. The repair suture is secured to the actuator of th
around a rod on the surface of the bone block. Abbreviation: W,
fixated and the other suture loaded to failure (full tor-
que), and group 4 consisted of 12 knotless anchors (1.8-
mm FiberTak Suture Anchors; Arthrex) with the suture
loop kept open around a fixed rod representing the loop
of suture around the glenoid labrum in the surgical
setting (knotless). Institutional review board approval
was not required for this study. The experimental
design is illustrated in Fig 1.
All anchors were tested in 20-lb/ft3 (0.32-g/cm3)

polyurethane foam test blocks (Sawbones; Pacific
Research Laboratories, Vashon, WA). These blocks
were used because of their similar density to native
glenoid and because they allow one to control for the
variation in bone density of cadaveric specimens.11-14

The anchors were inserted into the bone block
following the manufacturer’s instructions by drilling a
pilot hole with the associated drill and spear drill guide
perpendicular to the block, ensuring no significant
variation in the depth or angle of insertion. All anchors
were placed in a grid pattern equidistant from each
other such that no anchor was within 2 cm of another
anchor or the edge of the bone block.

Biomechanical Testing
Bone blocks were rigidly clamped to the base of a

dynamic tensile testing machine (Electropuls E10000;
Instron, Norwood, MA). Sutures were secured via 10
group. Both strands are tied together and equally tensioned
bears 50% of the weight of the other strand. Pulley A has an

inches, and the counter mass and pulley B have equal weights
r on the actuator, and the other is secured to a rigid bar. (D)
e dynamic tensile testing machine, and the loop is kept open
weight.



Fig 2. Biomechanical setup of 50% torque in group 2.
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knots to a custom apparatus designated for each testing
group as shown in Fig 2. Care was taken to ensure that
each strand of suture was vertically aligned during each
trial, and the gap between the strands was minimized to
the point where neither strand touched the other
throughout testing.
Each trial consisted of a sequential preconditioning

stage and a pull-to-failure stage. In the preconditioning
stage, the anchors were cyclically tensioned from 5 to
50 N for 50 cycles at 0.5 Hz. Afterward, the anchors
were pulled to failure at a rate of 1 mm/s. Force and
displacement data were recorded at 500 Hz throughout
all trials. All raw data were processed programmatically
using Matlab (version 2019a; The MathWorks, Natick,
MA). To account for the potential error caused by co-
efficients of friction in the pulley in group 2, the forces
experienced by the strands of the anchors were verified
via load cell after data collection was completed to be
within �1% of the expected forces in the range of
failure (75.0-112.5 N) and within �1 N for all forces
below the range of failure. Outcome measures reported
in this article include the mean forces and standard
deviations experienced by each anchor group at 1 mm
and 2 mm of vertical displacement, as well as load to
failure.

Statistical Analysis
Statistical analysis was performed using the statistical

computing software R (2018 version; R Core Team/R
Foundation for Statistical Computing, Vienna, Austria).
A 1-factor analysis of variance comparing the different
testing groups was performed for forces at 1 mm of
displacement and 2 mm of displacement, as well as load
to failure. Statistically significant values were further
refined using the Tukey HSD (honestly significant dif-
ference) test. The sample size of 12 anchors per group
was determined based on a previous study with similar
outcome parameters.15

Results

Displacement Testing
Within the knotted groups of anchors, with greater

differentials of suture strand loading (higher torque),
lower forces were required to displace 1 mm. All group
comparisons of force were significantly different (all P
< .001) with the exception of group 2 versus group 3,
which showed similar forces (P ¼ .516). Forces
decreased from group 1 to group 2 and, finally, group 3,
with those in group 4 (knotless anchors) lying between
those in groups 1 and 2.
For tests with 2 mm of displacement, all group com-

parisons were significantly different, with groups 2 and
3 having the most similar forces required to displace 2
mm (P ¼ .015, with P < .001 for all other comparisons).
Specifically, group 1 exhibited the highest forces, fol-
lowed by group 4 and then group 2; finally, group 3
showed the lowest forces.

Load-to-Failure Testing
No statistically significant differences in the mean

ultimate loads observed during pull-to-failure testing
were noted between groups 1 and 2 (P ¼ .683), be-
tween groups 1 and 4 (P ¼ .977), or between groups 2
and 4 (P ¼ .895); however, group 3 exhibited signifi-
cantly lower mean ultimate loads than all other groups
(all P < .001). The mean values with standard de-
viations for all 4 testing groups across all 3 tests are
shown in Table 1, and their relative distribution is
visually displayed in Fig 3. P values for Tukey multiple
comparisons of means are shown in Table 2.

Discussion
The main finding of this study was that the fixation

strength of soft all-suture anchors was partially affected
by differential loading (torque) of suture strands in a



Table 1. Mean Forces at 1 mm and 2 mm of Displacement
and Load to Failure Between Anchor Groups

Group No. Force at 1 mm, N Force at 2 mm, N Load to Failure, N

1 59.074 � 3.011 71.559 � 2.313 93.324 � 3.799
2 28.072 � 2.262 49.887 � 3.709 91.412 � 4.721
3 26.684 � 1.285 45.959 � 3.079 62.262 � 1.727
4 37.882 � 2.881 61.121 � 2.755 92.622 � 5.574

NOTE. Data are presented as mean � standard deviation.
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foam block model. Furthermore, an increase in loading
imbalance was positively correlated with displacement
of all-suture anchors. Knotless all-suture anchors with
unilateral suture strand loading while securing the self-
locking mechanism were shown to exhibit similar ul-
timate failure loads to knotted all-suture anchors with
both suture strands equally loaded (no torque).
This study aimed to quantify the effect of differential

loading of suture strands on the forces sustained by all-
suture anchors. It was hypothesized that higher torques
would yield lower biomechanical stability; this was
supported by significantly lower forces required to yield
1 mm and 2 mm of displacement in the dispropor-
tionately loaded groups 2, 3, and 4 when compared
with testing group 1 with balanced loading across su-
ture strands (all P < .001). Despite this variation in
initial displacement, torque differences did not result in
significant differences for ultimate failure loads, with
93.3 � 3.8 N, 91.4 � 4.7 N, and 92.6 � 5.6 N for groups
1, 2, and 4, respectively.
Group 1 served as a baseline for no or minimal torque

in the clinical setting and yielded the highest forces
required to displace 1 mm or 2 mm, showing the
highest biomechanical stability. On the contrary, group
Fig 3. Bar plots with error bars (standard deviations) showing the
and ultimate load in all testing groups. The asterisks above the ba
groups. The asterisk with the bracket indicates a statistically signi
groups.
3 showed the highest differential of loading across su-
ture strands and, thereby, the lowest biomechanical
stability. Likewise, group 2dwith less torque applica-
tion than group 3dshowed no significant difference
(P ¼ .683) in ultimate failure load when compared with
group 1, which had balanced loading across strands;
however, the force required to create initial displace-
ment in group 2 ranged between that in group 1 (P <
.001) and that in group 3 (P ¼ .015). Knotless all-suture
anchors showed significantly lower displacement force
(P < .001) when compared with group 1, without
torque, but showed greater displacement force when
compared with groups 2 and 3, with partial and full
torque application, respectively (all P < .001). Howev-
er, knotless all-suture anchors that generally generate
torque during fixation were able to exhibit similar ul-
timate failure loads to knotted all-suture anchors tested
without torque (P ¼ .977).
All-suture anchors have several characteristics in

common. They are all based on a high-strength ultra-
high-molecular-weight polyethylene suture woven
through a sleeve.16 The anchor is seated by gentle
pulling of the suture to have the anchor seated against
the cortex by folding the sleeve into a suture ball. This
suture ball is larger than the cortical drill hole and
prevents the anchors from pulling out.
The biomechanical strength of this soft-component

fixation construct is influenced by several factors:
Douglass et al.11 pointed out that higher-density bone is
crucial for a strong all-suture anchor fixation. Barber
and Herbert17 showed that the ultimate failure load of
all-suture anchors is correlated directly with the num-
ber of sutures. Furthermore, the angle of insertion may
be important, as shown by Oh et al.10 All-suture
force at 1 mm of displacement, force at 2 mm of displacement,
r plots denote statistically significant differences from all other
ficant difference for the direct comparison between 2 specific



Table 2. P Values for Tukey Multiple Comparisons of Mean Results With 95% Family-wise Confidence Intervals

Group 1: Knotted With
No Torque

Group 2: Knotted With
Partial Torque

Group 3: Knotted With
Full Torque Group 4: Knotless

Force at 1 mm, N
Group 1: knotted with no torque d <.001* <.001* <.001*
Group 2: knotted with partial torque 31.0 [28.3 to 33.7] d .5163 <.001*
Group 3: knotted with full torque 32.4 [29.7 to 35.1] 1.39 [e1.29 to 4.06] d <.001*
Group 4: knotless 21.2 [18.5 to 23.9] e9.81 [e12.5 to e7.13] e11.2 [e13.9 to e8.52] d

Force at 2 mm, N
Group 1: knotted with no torque d <.001* <.001* <.001*
Group 2: knotted with partial torque 21.7 [18.3 to 25.0] d .0152* <.001*
Group 3: knotted with full torque 25.6 [22.3 to 28.9] 3.93 [0.594 to 7.26] d <.001*
Group 4: knotless 10.4 [7.17 to 13.7] e11.2 [e14.6 to e7.90] e15.2 [e18.4 to e11.9] d

Ultimate load, N
Group 1: knotted with no torque d .6831 <.001* .9767
Group 2: knotted with partial torque 1.91 [2.67 to 6.50] d <.001* .8946
Group 3: knotted with full torque 31.1 [26.5 to 35.6] 29.1 [24.6 to 33.7] d <.001*
Group 4: knotless 0.702 [e3.88 to 5.29] e1.21 [e5.80 to 3.37] e30.4 [e34.9 to e25.8] d

NOTE. Data are presented as pair-wise group effects (Column e Row) in newtons [95% confidence intervals] or as P values.
*Statistically significant.
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anchors presented stronger pullout strength in the
physiological traction direction of the supraspinatus
rather than in the knot-tying direction, consistent with
the deadman theory.18 Stronger pullout strength was
observed at the vertically directed insertion angle (90�),
not at 45�.10

Although 5 mm of displacement is considered clini-
cally significant, for a labral or Bankart repair, 3 mm of
gap formation or even less may be a concern. Ruder
et al.19 have shown that 3 of 4 all-suture anchors tested
exceeded the 5-mm limit during cyclic loading. When 3
mm was considered the cutoff, the number of failed all-
suture anchors was even greater. This fact was mainly
based on the soft component and tensioning technique
of all-suture anchors compared with solid screw-in
anchors. In a biomechanical comparison of ultimate
load to failure and tensile displacement testing of all-
suture anchors and screw-in anchors, Dwyer et al.9

concluded that hand-set anchors display low force
displacement, which is likely because of slippage in the
pilot hole. Pre-tensioned all-suture anchors were
shown to eliminate this issue in their study.
The influence of differential loading of suture strands

on the biomechanical performance of knotted and
knotless all-suture anchor fixation had not been eval-
uated yet. This study’s results suggest that strand
loading imbalance during or after fixation of all-suture
anchor constructs may influence biomechanical prop-
erties in terms of greater initial displacement and
decreased ultimate failure load. Although displacement
was very sensitive regarding varying levels of torque,
ultimate failure loads of all-suture anchor fixation
initially were not influenced by torque changes. It is
interesting to note that knotless all-suture anchor fix-
ation with a basic torque due to unilateral loading of the
so-called repair suture1 during locking of the self-
locking mechanism did not exhibit similar ultimate
failure loads when compared with knotted all-suture
anchor fixation without torque application; however,
displacement of knotless all-suture anchors was found
to be slightly lower when compared with the knotted
anchors without torque. Regarding clinical implica-
tions, although all-suture anchors withstand a certain
degree of torque in terms of ultimate failure load, dif-
ferential loading of suture strands should be minimized
during implantation because displacement forces are
very sensitive and influenced by torque.

Limitations
This study is not without limitations. First, this was a

biomechanical evaluation performed in polyurethane
foam blocks and the results cannot be fully transferred
to daily clinical practice; however, foam blocks allow
one to control for variation in the bone density of
cadaveric specimens. Second, only static biomechanical
testing with cyclic pre-tensioning was performed.
Testing protocols that use cyclic loading have been re-
ported in the literature and may show different data.
Third, this study solely focused on the biomechanical
evaluation of all-suture anchors and was carried out in
foam blocks that only reflect the density of human
glenoid bone. Finally, as with all time-zero studies,
healing properties cannot be evaluated, so caution
should be taken when translating the observed results
to an in vivo environment.

Conclusions
The ultimate failure load of knotted and knotless all-

suture anchor fixation was partially affected by loading
differentials between strands in this validated foam
block model. Differential loading of knotted all-suture
anchor fixation presented greater initial displacement
when compared with symmetrically loaded knotted all-
suture anchors. Despite an initial increase in
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displacement, knotless all-suture anchors showed
similar ultimate failure loads to knotted all-suture an-
chors with strands loaded equally.
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