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A B S T R A C T

Background: All-suture anchors used in arthroscopic shoulder stabilization employ small diameter anchors,
which allow greater placement density on narrow surfaces such as the glenoid. There is no consensus in the
literature about how close to one another two anchors may be implanted.
Purpose: The purpose of the present study is to compare the strength characteristics of two all-suture anchors
placed in cadaveric human glenoid at variable distances to one another, in order to determine the minimum
distance required for optimal strength.
Methods: Twelve fresh-frozen human cadaveric glenoids were implanted with 1.4 mm all-suture anchors at
varying inter-anchor distances. Each glenoid was used for four tests, for a total of 48 tests. Anchors were im-
planted adjacent to one another or with 2, 3, or 5mm bone bridges between pilot holes. The glenoids then
underwent pullout testing using a test frame with a 5N preload followed by displacement of 12.5 mm/s. The
primary outcomes were stiffness, failure strength, and ultimate strength.
Results: Stiffness was 13.52 ± 3.8, 17.97 ± 5.02, 17.59 ± 4.65 and 18.95 ± 4.67 N/mm for the adjacent, 2,
3, and 5mm treatment groups, respectively. The adjacent group had a significantly lower stiffness compared to
the other treatment groups. Failure strength was 48.68 ± 20.64, 76.16 ± 23.78, 73.19 ± 35.83 and
87.04 ± 34.67 N for the adjacent, 2, 3, and 5mm treatment groups, respectively. The adjacent group had a
significantly lower failure strength compared to the other treatment groups. Ultimate strength was also mea-
sured to be 190.59 ± 140.93, 268.7 ± 115.1, 283.23 ± 118.43, and 291.28 ± 118.24 for the adjacent, 2, 3,
and 5mm treatment groups, respectively.
Conclusions: This biomechanical study provides evidence that 1.4 mm all-suture anchors demonstrate similar
strength characteristics when placed at least 2mm or greater from one another. When 1.4 mm all-suture anchors
were placed adjacent to one another, there was an observed decrease in failure strength and stiffness.
Clinical relevance: This study suggests that 1.4 mm all-suture anchors may be placed as close as 2mm to one
another while preserving strength characteristics.

1. Introduction

Arthroscopic bankart repair using anchor fixation is now one of the
most common arthroscopic shoulder surgeries performed.1,2 Anchor
design has changed significantly since the introduction of the first an-
chors used for stabilization in 1991.3,4 These initial metallic suture
anchors were fraught with complications involving interarticular mi-
gration of metallic implants as well as distortion of magnetic resonance
imaging due to artifact production.5,6 This lead to the development of
bioabsorbable anchors, followed eventually by all-suture systems in
2010.7,8 Advancements in anchor stabilization technique paralleled
changes in design. More recently developed anchors are now smaller in
size. These smaller anchors may further increase the contact area by

allowing many points of fixation. Multiple points of fixation have been
postulated to effectively shift the capsule along the entire length of the
anterior glenoid in early bankart repair.9 In addition, these smaller
anchors require smaller drill holes, which decrease the amount of bone
removed. In theory, this should allow the surgeon to place a greater
number of all-suture anchors into an anatomic region that has minimal
real estate, such as the glenoid rim. The Juggerknot Soft Anchor
(Zimmer Biomet, Warsaw, IN) is a 1.4mm all-suture anchor, which,
when deployed, decreases in size vertically but expands laterally,
thereby securing the suture anchor against cortical bone. As use of these
all-suture anchors increases, an improved understanding of how they
can best be utilized may maximize their efficacy and improve clinical
outcomes.
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One limiting factor is the proximity of the anchors to one another.
Guidelines on anchor spacing tend to be anecdotal and not anchor
specific.10,11 The purpose of the present study is to compare the
strength characteristics of two anchors placed at variable distances to
one another, in order to determine the minimum distance required for
optimal strength.

2. Methods

Twelve fresh-frozen human cadaveric glenoids were obtained from
a local tissue bank and thawed 24 h before testing. The medial border of
the scapula was cast into a polyurethane mixture in order to more easily
secure to the test frame. The specimens were potted such that the
surface of the glenoid was horizontal.

The labrum was initially removed from the potted glenoid with a
scalpel. A plate with sets of guide holes (one set per spacing group) was
used during testing to maintain proper spacing. The distances between
holes were measured between the edges of each hole. The pilot hole
was drilled at the edge of the bone-articular margin at approximately
45° from the horizontal plane. One pilot hole was drilled using the
1.4 mm drill bit through the guide and into the glenoid. A second pilot
hole using a second 1.4mm drill bit was then drilled through the guide
and into the glenoid while keeping the first drill bit in place in order to
ensure spacing was maintained. After both 1.4mm holes were drilled, a
single orthopedic surgeon deployed two 1.4 mm all-suture JuggerKnot
Soft Anchors in accordance with the manufacturer’s instructions. Each
anchor was handset by pulling on both suture limbs until the anchor
was felt to deploy. Each glenoid was used for a total of four tests, on the
anterior, posterior, inferior, and superior regions of the glenoid (as
depicted in Fig. 1). Thus a total of 8 anchors were implanted in each
glenoid, for a total of 96 anchors. The four regions of the glenoid were
randomized to each anchor configuration to account for potential dif-
ferences in bone density.

After anchor deployment, each specimen was fixed to a test frame
(Instron 8521, Instron Inc., Norwood, MA) with the glenoid mounted
horizontally (as depicted in Fig. 2). The sutures of each anchor were
secured using a clamp made of two aluminum blocks, which were
pressed together by two ½-inch set screws. The sutures were pulled up
over the middle block and down the other side of that middle block.
Gauge length was measured to be 10 centimeters. The sutures were held
taught as the clamp was tightened. Displacement for both anchors was
parallel to the motion of the actuator. A 5N preload was applied to the
construct; the actuator was placed in displacement control and driven
away from the shoulder at a rate of 12.5 mm/s. Force and displacement
were collected from the test frame actuator at a rate of 500 Hz. Single
destructive testing was employed. Cyclic testing was not employed, in
accordance with previous reports which studied anchor pullout
strength and concluded that single destructive testing was suffi-
cient.11–14 Pre- and post-test photographs as well as videos were taken
for each specimen, and the applicable mode of failure was noted.

2.1. Statistics

Stiffness was calculated from the initial linear region of the force
displacement curve. Failure strength was defined as the first local
maximum or inflection point in the force displacement curve (see
Fig. 3). This failure point was calculated using a custom program
(MATLAB, Mathworks, Natick, MA) using a 0.2mm offset load from the
initial linear region. Stiffness was also calculated from the initial linear
region of the force displacement curve. Ultimate strength was taken to
be the maximum overall load observed. Outcome measures including
stiffness, failure strength, and ultimate strength were analyzed by use of
student t-tests. Statistical analysis was performed using JMP statistical
software (SAS, Cary, NC). Statistical significance was set at an α level of
0.05.

3. Results

A total of 48 tests were performed. Twelve tests were performed per
spacing group, and each glenoid was used for a total of four tests. 44
failed due to anchor pullout. Two failed due to both sutures tearing.
One failed due to one suture tearing and one anchor pullout. Stiffness
was 13.52 ± 3.8, 17.97 ± 5.02, 17.59 ± 4.65 and 18.95 ± 4.67 N/
mm for the adjacent, 2mm, 3mm and 5mm treatment groups as shown
Table 1. The adjacent group had a significantly lower stiffness com-
pared to the other treatment groups (p= < 0.05). Failure strength
was 48.68 ± 20.64, 76.16 ± 23.78, 73.19 ± 35.83 and
87.04 ± 34.67 N for the adjacent, 2 mm, 3mm and 5mm treatment
groups as shown in Table 1. The adjacent group had a significantly
lower failure strength compared to the other treatment groups
(p= < 0.05). Ultimate strength was also measured to be
190.59 ± 140.93, 268.7 ± 115.1, 283.23 ± 118.43, and
291.28 ± 118.24 for the adjacent, 2 mm, 3mm and 5mm treatment
groups as shown in Table 1. There were no statistically significant
differences in ultimate strength. P-values for each of the four treatment
groups are shown in Table 3. All four regions of the glenoid exhibited
similar values in stiffness, failure strength, and ultimate strength as
shown in Table 2. Differences among locations were not statistically
significant (p= > 0.05) as seen in Table 4.

4. Discussion

The present study shows that failure strength and stiffness is similar
when 1.4mm all-suture anchors are implanted 2mm apart or greater.
However, when placed adjacent to one another, failure strength and
stiffness significantly decreased. This is likely due to coalescence of the
two drill holes. Statistically significant differences in ultimate strength
were not observed even in adjacently placed anchors. This was likely
due to sample size.

While there have been studies demonstrating that the use of 1.4mm
all-suture anchors for labral repair has been promising, we have found
no published study providing a threshold of safe proximity between
anchors. Clinical results using 1.4 mm allsuture anchors for labral re-
pair have been promising. Agrawal et al published a study on a series of
eighteen patients undergoing arthroscopic repair using 1.4mm all-
suture anchors and reported full return to sports. These anchors were
placed between 5mm and 10mm apart.15 Despite this possibly com-
monly used rule-of-thumb, there is no evidence suggesting that small
diameter all-suture anchors require 5–10mm of spacing to ensure
maximum strength characteristics.

In another study by Dwyer et al, maximum load to failure and
tensile displacement of an all-suture glenoid anchor was compared with
a traditional screw-in glenoid anchor.14 There was no difference be-
tween maximum load to failure in glenoid bone, though the handset all-
suture anchor displayed early displacement and greater laxity. How-
ever, pre-tensioning the all-suture anchor to 60 N eliminated this be-
havior.

Mazzocca et al compared the use of the same 1.4 mm JuggerKnot
anchor used in the present study to a traditional solid anchor in a
biomechanical analysis.16 There was no statistical difference detected
in displacement or maximum load to failure. However, they did note a
significantly lower load required to cause 2mm of labral displacement
when compared to the solid anchor, which they hypothesized to be
caused by displacement of the all-suture anchor in the pilot hole.

In addition to their similar strength characteristics as traditional
anchors, small all-suture anchors may have the advantage of lessened
interference with advanced imaging, as well as fewer reactive bony
changes. In a retrospective analysis by Willemot et al, 58 anchors were
implanted in 20 patients for shoulder instability and subsequently as-
sessed at minimum 1-year follow-up.17 Postoperative magnetic re-
sonance imaging (MRI) showed minimal cyst formation around im-
planted anchors, with 45 anchors showing no reactive bony changes.
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