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Biomechanical Testing of New Meniscal Repair Techniques
Containing Ultra High–Molecular Weight Polyethylene Suture

F. Alan Barber, M.D., Morley A. Herbert, Ph.D., F. Alexander Schroeder, M.D.,
Jorge Aziz-Jacobo, M.D., and Michael J. Sutker, M.D.

Purpose: To evaluate the biomechanical characteristics of current meniscal repair techniques containing
ultra high–molecular weight polyethylene (UHMWPE) suture with and without cyclic loading. Methods:
Vertical longitudinal cuts made in porcine menisci were secured with a single repair device. Noncycled
and cycled (500 cycles) biomechanical tests were performed on the following groups: group 1, No. 2-0
Mersilene vertical suture (Ethicon, Somerville, NJ); group 2, No. 2-0 Orthocord vertical suture (DePuy
Mitek, Westwood, MA); group 3, No. 0 Ultrabraid vertical suture (Smith & Nephew Endoscopy,
Andover, MA); group 4, No. 2-0 FiberWire vertical suture (Arthrex, Naples, FL); group 5, vertically
oriented mattress suture by use of an Ultra FasT-Fix device (Smith & Nephew Endoscopy) with No. 0
Ultrabraid; group 6, vertically oriented mattress suture by use of a RapidLoc A2 device (DePuy Mitek)
with No. 2-0 Orthocord suture; group 7, vertically oriented stitch by use of a MaxFire device with
MaxBraid PE suture (Biomet Sports Medicine, Warsaw, IN); and group 8, an obliquely oriented stitch of
No. 0 UHMWPE suture inserted by use of a CrossFix device (Cayenne Medical, Scottsdale, AZ).
Endpoints were failure loads, failure modes, stiffness, and cyclic displacement. Results: Mean single-pull
loads were calculated for Ultra FasT-Fix (121 N), FiberWire (110 N), MaxFire (130 N), Mersilene (84 N),
Orthocord (124 N), RapidLoc A2 (86 N), CrossFix (77 N), and Ultrabraid (109 N). After 500 cyclic loads,
the Orthocord (222 N) repair was stronger than the others: Ultra FasT-Fix (110 N), FiberWire (117 N),
MaxFire (132 N), Mersilene (89 N), RapidLoc A2 (108 N), CrossFix (95 N), and Ultrabraid (126 N)
(P � .05). Ultrabraid suture showed significantly more elongation over 500 cycles than the other repairs
(P � .05). The principal failure mode associated with the single destructive pull (suture breakage) changed
to pulling through the meniscus after cyclic loading for most devices. Knot slippage or device failure was
seldom observed as the failure mode with these techniques. Conclusions: Self-adjusting, UHMWPE
suture–containing meniscal repair devices (Ultra FasT-Fix, RapidLoc A2, and MaxFire) were comparable
to the isolated UHMWPE-containing suture repairs on single–failure load testing. UHMWPE-containing
suture repairs are stronger than braided polyester suture repairs, but pure UHMWPE suture (Ultrabraid)
elongated more during cycling. Orthocord suture is significantly stronger than the other meniscal repair
techniques after cyclic loading (P � .05). Clinical Relevance: Meniscal repair techniques using UHMWPE
containing sutures provide greater strength than earlier generations of meniscal repair techniques. Key Words:
Meniscus repair—RapidLoc A2—Ultra FasT-Fix—MaxFire—CrossFix—Orthocord.
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eniscal suture repair is an established technique
using inside-out sutures to repair appropriately

elected meniscal tears.1-6 In recent years all-inside
evices have been developed, which reduce the po-
ential for injury to the posterior lateral or posterior
edial neurovascular knee structures.6-13 Biomechani-

al testing has contributed to the current understand-
ng of the properties of these devices.7,14-19 The recent
ntroduction of ultra high–molecular weight polyethyl-
ne (UHMWPE) material has influenced load to failure
nd other biomechanical characteristics of sutures and

uture anchors.20,21 The incorporation of UHMWPE su-
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960 F. A. BARBER ET AL.
ures as well as the development of new repair devices
ay change the strength of meniscal repair techniques

s well.
The purpose of this study was to evaluate the load-

o-failure strength of current meniscal repair tech-
iques both with and without cyclic loading. The
ypothesis of this study was that the incorporation of
ew UHMWPE suture into meniscal repair devices
as increased the load-to-failure strength of those de-
ices.

METHODS

In freshly harvested, never-frozen adult porcine me-
isci (both medial and lateral), a vertical longitudinal
ear was created with a knife 3 mm from the periphery
f the meniscus. This cut was created after the menis-
us was completely removed from the tibia. The cut
as not initially extended into the anterior and poste-

ior meniscal horns to allow better control of the test
eniscus during repair device insertion. A single re-

air technique was performed in each meniscus to
pproximate the meniscal “tear.” All meniscal repair
utures or devices were placed centrally (at the mid-
oint) in the test meniscus. All sutures were tied by
and with multiple square knots to reduce the likeli-
ood of these repairs failing at the knot. Device in-
ertion was performed following the manufacturers’
uidelines and, when possible, by a product manager
rom the manufacturers. A different investigator than
he one responsible for device insertion carried out
oad-to-failure testing. Once the device or suture was
laced and the repair complete, the remaining tissue
ridges were divided, completely separating the me-
iscus into 2 free segments connected only by the
epair. The repaired meniscus was then kept refriger-
ted until the completion of biomechanical testing.

Testing was conducted on a 3345 Instron mechan-
cal testing machine (Instron, Canton, MA) with a
,000-N maximum load. The applied stress was al-
ays parallel to the axis of the repair system tested.
oth segments of the repaired meniscus were held
ith metal clamps that were in turn attached to the

nstron machine (Fig 1). This consistently applied
orce to the repair system and eliminated plastic de-
ormation as might be found by use of sutures or
abric tape. The displacement was measured by the
istance traveled by the actuator of the materials test-
ng machine. The sampling rate for force and position
ata was 50 per second. These data were downloaded
nto a spreadsheet, processed by use of a Visual Basic for

pplications–encoded Excel spreadsheet program (Mi-
rosoft, Redmond, WA), and analyzed by use of SAS
oftware (SAS, Cary, NC). Data were subjected to
escriptive statistical analysis, analysis of variance,
uncan multiple range tests, and Tukey post hoc

esting. Statistical significance was considered to exist
t P � .05.

Two separate testing protocols were followed for all
roups in this study.14,15,22 The first protocol applied a
ingle pull to determine load-to-failure strength.14,15 A
isplacement rate of 5 mm/min was selected to be
onsistent with prior studies. A total of 15 devices
rom each group studied were tested in this manner.

The second test protocol applied cyclic loading
ollowed by destructive testing.22 A second group of
est specimens (10 specimens for each group) was
ttached to the Instron device as before and cyclically
oaded between 5 and 50 N at 1 Hz for 500 cycles.22,23

hose specimens that survived the cycling were then
estructively tested (loaded to failure) at a rate of 5
m/min. Load and displacement were sampled con-

inuously at 10 Hz. This slow loading rate simulated
he meniscal stresses that occur during early postop-
rative rehabilitation exercises and activities of daily
iving, such as slow-speed walking, stair climbing or
escending, and squatting.22

The repairs tested were as follows:

n group 1 a single vertical suture of No. 2-0 Mer-

IGURE 1. Loads were parallel to the axis of the repair system
ested with both portions of the repaired meniscus held with metal
lamps attached to the Instron machine. © 2009 F. Alan Barber,
sed by permission.
silene (Ethicon, Somerville, NJ) was placed 3 mm
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961MENISCAL REPAIR WITH UHMWPE SUTURE
central to the tear, extending from the superior
surface to the inferior surface of the meniscus, and
was tied by hand on the capsular side of the menis-
cus approximating the 2 fragments of meniscus
(inside-out vertical stitch) (Fig 2). Mersilene (a
100% braided polyester suture) was used to be
consistent with prior studies of meniscal repair tech-
niques.14,15

n group 2 a single vertical suture of No. 2-0 Ortho-
cord (DePuy Mitek, Westwood, MA) was placed 3
mm central to the tear, extending from the superior
surface to the inferior surface of the meniscus, and
was tied by hand on the capsular side of the menis-
cus approximating the 2 fragments of meniscus
(inside-out vertical stitch). The No. 2-0 size of
Orthocord is composed of 55% polydioxanone and
45% UHMWPE.

n group 3 a single vertical suture of No. 0 Ultrabraid
(Smith & Nephew Endoscopy, Andover, MA), con-
sistent with the suture contained in the Ultra FasT-
Fix device (Smith & Nephew Endoscopy), was
placed 3 mm central to the tear, extending from the
superior surface to the inferior surface of the me-
niscus, and was tied by hand on the capsular side of
the meniscus approximating the 2 fragments of me-
niscus (inside-out vertical stitch) (Fig 3). At this
point, Smith & Nephew Endoscopy does not offer a
size No. 2-0 Ultrabraid suture. Ultrabraid is com-
posed of 100% UHMWPE.

n group 4 a single vertical suture of No. 2-0 Fiber-
Wire (Arthrex, Naples, FL) was placed 3 mm cen-
tral to the tear, extending from the superior surface

IGURE 2. A single vertical suture of No. 2-0 braided polyester

Mersilene) placed 3 mm inside the tear represented the basic
nside-out repair. © 2009 F. Alan Barber, used by permission.

e
F

to the inferior surface of the meniscus, and was tied
by hand on the capsular side of the meniscus ap-
proximating the 2 fragments of meniscus (inside-
out vertical stitch). FiberWire is made with a core of
several individual strands of polyethylene covered
with braided polyester suture material.

n group 5 an Ultra FasT-Fix device with No. 0
Ultrabraid and poly-ether-ether-ketone anchors
(Smith & Nephew Endoscopy) (Fig 4) was placed
in a vertical mattress configuration on the superior

IGURE 3. A single vertical suture of No. 0 Ultrabraid (UHMWPE)
uture was tested for comparison with conventional polyester sutures.

2009 F. Alan Barber, used by permission.

IGURE 4. The new Ultra FasT-Fix with No. 0 Ultrabraid offers
reater suture strength and different handling properties from the
lder version with braided polyester suture. It has 2 poly-ether-

ther-ketone anchors attached to the Ultrabraid suture. © 2009
. Alan Barber, used by permission.
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962 F. A. BARBER ET AL.
surface of the meniscus, 3 mm central to the tear,
and angled to orient one arm toward the superior
peripheral capsule and the other toward the inferior
meniscal capsule.

n group 6 a vertically oriented mattress suture by use
of a RapidLoc A2 device (DePuy Mitek) was in-
serted with the associated insertion gun 3 mm cen-
tral to the tear, creating a vertical repair. The Rap-
idLoc A2 device is in development and, as tested,
has 2 poly-ether-ether-ketone implants (4.5 mm
long and 2.2 mm high) threaded with one No. 2-0
Orthocord suture (Fig 5). This suture is attached to
the first of these two implants by a figure-of-8 knot
reinforced by overhand knots at one end, which
creates a fixed loop, and by a buntline hitch to the
other implant, creating the sliding knot, which takes
up the slack in the system and tensions the repair.

n group 7 the repair was done by use of the MaxFire
device with MaxBraid PE (UHMWPE/polypro-
pylene) (Biomet Sports Medicine, Warsaw, IN) (Fig
6) placed in a vertical mattress configuration on the
superior surface of the meniscus, 3 mm central to
the tear, and angled to orient one arm toward the
superior peripheral capsule and the other toward the
inferior meniscal capsule. The MaxBraid PE suture
is covered by 2 polyester or polyethylene sleeves,
which serve as anchors in the tissue peripheral to
the meniscus to lock the sutures in place.

n group 8 an obliquely oriented mattress stitch of No.
0 UHMWPE suture inserted by use of the CrossFix
device (Cayenne Medical, Scottsdale, AZ) was
placed on the superior surface of the meniscus, 3 mm

IGURE 5. The RapidLoc A2 device has 2 poly-ether-ether-ketone
s
mplants threaded with a No. 2-0 Orthocord suture. © 2009 F. Alan
arber, used by permission.
central to the tear (Fig 7). The CrossFix device has 2
parallel needles that transfer the accompanying suture
with a third, smaller needle (Fig 7A). The UHMWPE
suture comes with a pretied Weston knot (Fig 7B),
which was reinforced in this testing situation with 2
reversed half-hitches.

ndpoints for the first protocol (single-pull destructive
test) were maximum failure load and mode of fail-
ure. Endpoints for the second protocol (cyclic load-
ing testing followed by destructive testing) were as
follows:
1. Maximum failure loads with destructive testing

after 500 cycles
2. Stiffness, determined during load-to-failure test-

ing from the maximal endpoints of the linear
region of the load-displacement plot

3. Cyclic displacement, which is the difference
between the mean trough value for the last 10
cycles and mean trough value for the first 10
cycles

4. Mode of failure, determined by visual inspec-
tion of the failure result

RESULTS

The mean loads to failure with single-pull destruc-
ive testing with standard deviations (SDs), numbers
f tests performed, and confidence intervals are listed
n Table 1. In the single-pull tests, 2 separate groups
ere identified. Within these groups, the results were

IGURE 6. The MaxFire with MaxBraid PE (UHMWPE/polypro-
ylene) is an entirely new device that uses 2 polyester or polyeth-
lene sleeves over the principal suture to serve as anchors to attach
he UHMWPE sliding knot to the peripheral meniscal capsule.

2009 F. Alan Barber, used by permission.
tatistically equivalent by use of the Duncan multiple


