
From the
ment of Or
Missouri, U

The auth
funding: J.A
for a mand
receives res
product from

Received
Address c

Group, Dep
cine, Univ
PSmithMUD

� 2016 b
2212-628
http://dx.
Allograft Anterior Cruciate Ligament Reconstruction
Utilizing Internal Brace Augmentation
Patrick A. Smith, M.D., and Jordan A. Bley, B.A.
Abstract: Anterior cruciate ligament (ACL) tears are among the most common sports-related injuries. Although studies
have reported reliable outcomes with allograft tissue, several studies have shown a higher failure rate in younger patients.
Although ACL graft augmentation has been met with varying levels of success, internal bracing of an allograft represents a
promising area in ACL reconstruction. The purpose of this article is to detail allograft preparation involving a collagen-
coated, ultrahigh-molecular-weight polyethylene/polyester suture tape as an internal brace augmentation for ACL
reconstruction using the all-inside ACL GraftLink Technique (Arthrex, Naples, FL).
iven the prevalence of anterior cruciate ligament
G(ACL) injury and the continual need for improved
reconstructive techniques, surgeons are constantly
looking for possible surgical technique advancements.
Although several studies have shown good success with
use of allograft tissue for ACL reconstruction,1,2 many
authors have shown a higher failure rate in younger
patients.3-5 A possible clinical solution to improving
outcomes with allograft ACL reconstruction would be
adding augmentation to the allograft. Historically,
there has been a negative connotation surrounding
the usage of artificial devices for ACL substitution
based on past experience.6,7 However, review of the
literature suggests that ACL augmentation through
the addition of a synthetic device to a soft tissue graft
for ACL reconstruction can yield positive outcomes.8-10

Batty et al.8 noted in their systematic review that
short-term results for newer-generation devices
generated lower reported rates of revision, failure, and
Columbia Orthopaedic Group (P.A.S., J.A.B.); and the Depart-
thopaedic Surgery, University of Missouri (P.A.S.), Columbia,
.S.A.
ors report the following potential conflicts of interest or sources of
.B. received support from Arthrex for travel and accommodations
atory coordinator meeting. P.A.S. serves as a consultant for and
earch support from Arthrex; receives royalties for a meniscus
Arthrex; and has stock/stock options in Spinal Simplicity.

April 25, 2016; accepted June 22, 2016.
orrespondence to Patrick A. Smith, M.D., Columbia Orthopaedic
artment of Orthopaedic Surgery, Division Director, Sports Medi-
ersity of Missouri, Columbia, MO 65201, U.S.A. E-mail:
oc@aol.com
y the Arthroscopy Association of North America
7/16344/$36.00
doi.org/10.1016/j.eats.2016.06.007

Arthroscopy Techniques, Vol 5, No 5
sterile synovitis/effusion than older synthetic grafts.
Likewise, the editor-in-chief of Arthroscopy penned an
editorial commentary discussing the potential benefits
of utilizing second-generation synthetic ACL grafts as a
structural tie when used in combination with promising
scaffold technologies.9 Finally, Lubowitz, MacKay, and
Gilmer discuss their successes in augmenting medial
cruciate ligament reconstructions with a FiberTape
(Arthrex, Naples, FL).10

This article presents a unique ACL augmentation
reconstructive technique utilizing an ultrahigh-
molecular-weight polyethylene/polyester tape that
serves as an internal brace. The tape integrates seamlessly
into a quadrupled tendon graft construct. This construct
theoretically adds strength to the biomechanical proper-
ties of the ACL graft through the addition of the tape, yet
maintains the other properties of a natural graft. The
major advantage with this approach for a soft tissue
allograft would be for protection of the allograft during
the revascularization and remodeling phase as biologic
incorporation of allograft tissue has been shown to be
slower than with autograft.11 The ACL reconstruction in
this case follows the all-inside ACL GraftLink technique
(Arthrex) initially described by Lubowitz et al.12
Surgical Technique
For this procedure, an anterior tibialis allograft with

the addition of a FiberTape (Arthrex) for internal brace
augmentation was used to complete an ACL recon-
struction. A collagen-coated FiberTape is preferred for
increased tissue integration. Similar to the graft prepa-
ration demonstrated by Lubowitz, this procedure uses a
GraftLink construct for the graft.12
(October), 2016: pp e1143-e1147 e1143

http://crossmark.crossref.org/dialog/?doi=10.1016/j.eats.2016.06.007&domain=pdf
mailto:PSmithMUDoc@aol.com
http://dx.doi.org/10.1016/j.eats.2016.06.007


Fig 1. Graft prep station with the NoButton TightRope loop
for the tibial fixation seen on the right, and the TightRope RT
loop for femoral fixation seen on the left. The anterior tibialis
allograft (red arrow) to be prepared is on the white board in
the foreground.

Fig 3. The final construct of the quadrupled anterior tibialis
allograft secured by the 4 wrap-around no. 2 Fiberwire su-
tures. The internal brace collagen-coated FiberTape is only
visible with the 2 free ends exiting out the tibial end of the
graft (left, arrow).
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Graft Preparation
A graft-prep station assists preparation and tensioning

of the graft construct. In this case, the tendon was
pretensioned at approximately 70 N for 15 minutes to
eliminate creep. For graft fixation, a TightRope RT loop
(Arthrex) is placed on the femoral side, and a No-
Button TightRope loop (Arthrex) is placed on the
tibial side (Fig 1, Video 1).
A collagen-coated FiberTape is passed through the

femoral TightRope loop with the 2 free ends of the tape
on the tibial TightRope side. The allograft tendon is
then passed through the tibial TightRope loop, and the
2 free graft ends are passed in opposite directions
through the femoral TightRope loop (Fig 2, Video 1).
The 2 free ends of the graft are then sutured together on
the tibial side with a no. 2 FiberLoop (Arthrex) in a
SpeedWhip fashion.13
Fig 2. The anterior tibialis graft is first passed through the
tibial NoButton TightRope loop (left arrow). The collagen-
coated FiberTape is next passed through the femoral Tight-
Rope loop (right arrow).
The quadrupled construct is then placed under ten-
sion at approximately 70 N, and the 4 limbs are linked
together using 4 wraparound type no. 2 FiberWire su-
tures (Arthrex). It is important that each limb of the
graft is captured with this wrapping suture and the
internal brace FiberTape. The 4 sutures are placed close
to the TightRope loops while avoiding incorporating the
loops in the process. This ensures no suture will be in
the joint space. This suturing technique is done on both
the femoral and tibial side. The FiberTape, now func-
tioning as an internal brace within the middle of the
construct, is not visualized because it is completely
surrounded by the graft. Use of the small internal
FiberTape does not add to overall graft diameter (Fig 3,
Video 1). Marks are made on the graft denoting the
expected length in the tibial and femoral sockets.
Fig 4. The patient is lying supine with the knee flexed at 90�.
The right knee is shown with the completed quadrupled
anterior tibialis allograft anterior cruciate ligament construct
after suspensory TightRope fixation on the femur and tibia.
Again, the internal brace collagen-coated FiberTape is fully
contained within the graft such that no part of the FiberTape
is visible inside the joint space.



Fig 5. The patient remains in the supine position, and the
knee is held in full hyperextension. The collagen-coated
FiberTape internal brace is independently tensioned and
fixated on the tibia after the anterior cruciate ligament graft
fixation is completed on the tibial side. First, a hemostat is
placed underneath the 2 free ends of the collagen-coated
FiberTape (white arrow). Next the FiberTape ends are
secured to the tibia with a biocomposite SwiveLock (Arthrex,
Naples, FL) (black arrow) in full hyperextension.
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ACL Reconstruction
All-inside ACL reconstruction is performed as

described by Lubowitz.12,14 The graft is first passed into
the femoral socket and fixated with the TightRope RT
suspensory button (Arthrex). Once the button passes
the depth of the measured femoral intraosseous
distance (as marked with methylene blue on the
loop), the button flips on the lateral femoral cortex.
The shortening sutures are pulled in an alternating
fashion to hoist the graft into this femoral socket for
secure fixation. The tibial end of the graft with the
NoButton TightRope and graft sutures, along with the
free ends of the internal brace FiberTape, are then
passed into the tibial socket by way of a passing
suture. An Attachable Button System (ABS) (Arthrex)
is applied to the NoButton TightRope, and the knee is
brought into full hyperextension by holding the foot.
The shortening sutures from the NoButton TightRope
are then secured to the ABS button for final fixation.
The knee is cycled several times to additionally
Table 1. Advantages and Disadvantages of Anterior Cruciate
Ligament Reconstruction With Internal Brace Augmentation

Advantages Disadvantages

Independent tensioning from
graft

Potential for overconstraining
the joint

Protects graft during healing
process

Possible stress shielding
of graft

Allows for accelerated
rehabilitation

Small (only 3 mm in
diameter)

Flexible; easy fixation
Biocompatibility (rotator

cuff use)
tension the construct, and then both the femoral and
tibial TightRope shortening sutures are firmly pulled
with the knee in full hyperextension for final tendon
graft fixation (Fig 4). The shortening sutures from the
TightRope and the 2 ends of the no. 2 FiberLoop sutures
on the tibial side of the graft are tied to the button for
backup fixation.

Internal Brace Fixation
Importantly, the FiberTape internal brace is tensioned

independently after the graft. Once the allograft ACL
has been secured on the femur and tibia, attention is
directed toward final fixation of the internal brace. This
is accomplished with a 4.75-mm absorbable Bio-
Composite SwiveLock (Arthrex) (Fig 5). A guide pin is
drilled 1.5 cm distal to the ABS tibial fixation button to
a depth of 20 mm and reamed with a 4.5-mm reamer to
a depth of 20 mm because of the SwiveLock length of
19 mm. This hole is then tapped with a 4.75-mm tap.
First, making sure the 2 free ends of the FiberTape are
free from the ACL graft tibial fixation button, a hemo-
stat is placed under the FiberTape limbs, so it will not be
tighter than the graft. Then, the FiberTape is fixated
with the knotless SwiveLock to a depth of 19 mm in the
tibia, which should always be done in full hyperex-
tension to avoid “capturing” the joint and limiting
extension. The knee should be checked at this time to
ensure that full range of motion is present.
Postoperatively, range of motion is instituted with use

of a CPM machine, and weight-bearing is progressed as
tolerated once the patient demonstrates a well-
functioning quadriceps muscle and good leg control.
Closed-chain strengthening is emphasized, and return
to sport is typically allowed 6 to 9 months after surgery.

Discussion
This surgical technique describes the use of FiberTape

as an internal brace augmentation for an allograft ACL
reconstruction. The concept behind the addition of the
small-diameter FiberTape relates to the additional pro-
tection the internal brace provides for the allograft
during its initial revascularization and remodeling
Table 2. Pearls and Pitfalls of Anterior Cruciate Ligament
Reconstruction With Internal Brace Augmentation

Pearls and Pitfalls
� Bury FiberTape within Graftlink construct. Loop FiberTape
through femoral TightRope, with free ends on the tibial side, and
then wrap graft tissue around it

� Fix anterior cruciate ligament graft on tibia first in full
hyperextension and then fix FiberTape on tibia with SwiveLock
in hyperextension using hemostat to ensure FiberTape is not too
tight

� Make sure the free FiberTape ends on the tibial side do not get
trapped underneath the tibial button used to fixate the graft here;
otherwise, independent tensioning would be lost

� Do not fix with the knee flexed at all, as this could lead to loss of
motion (i.e., extension)
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phase, which has been shown to take 12 months by
Arnoczky et al. and 18 months by Shino et al.15,16

Lubowitz et al.10 described the use of a FiberTape in-
ternal brace for medial ligament repair with a good
outcome. Similarly, recent studies have shown poten-
tial biomechanical improvements involving the use of
internal bracing for both a modified Broström and ulnar
collateral ligament repairs.17-19

The concept of internal bracing has been described in
the ankle for augmentation of a Broström repair.19,20

The touted advantage in the ankle was to allow early
range of motion and early weight-bearing to enhance
functional return to normal activities. The internal
brace also protects the Broström primary ligament
repair so as to not compromise ultimate ankle stability
during the accelerated rehabilitation process. This was
validated through the significantly improved biome-
chanical strength that was shown in an experimental
model of the Broström repair.19 Similarly, successful
internal bracing for an open medial collateral ligament
reconstruction has also been described.10

Allograft tissue is appealing for ACL reconstruction
relative to avoidance of autograft harvest, less operative
time, and less postoperative pain.1,3 However, it has
been biologically shown that allograft ACL constructs
are slower to revascularize and remodel compared
with autograft tissue.15,16 Numerous studies have
shown a higher failure rate for allograft
reconstruction, particularly in young patients.3-5

Through the addition of an internal strut or brace,
perhaps allograft tissue could be enhanced to
minimize tissue elongation during the longer biologic
incorporation process. In turn, this could potentially
minimize ACL allograft retears. Another potential
advantage of use of the FiberTape internal brace
relates to augmenting small-diameter grafts, or
providing additional support in a revision ACL recon-
struction situation.
To be an ideal augmentation tool for intra-articular

use, the internal brace device needs to be strong, low-
profile, biocompatible, and nonreactive. Potential
complications of artificial ligaments have been well
documented with Gore-Tex grafts.7,8 The difference
with use of FiberTape as an internal brace is that it is
only a small part of the soft tissue allograft construct
and is not being used alone for ACL replacement. This
becomes a key distinction between a FiberTape
internal brace construct and the Ligament Advanced
Reinforcement System (LARS). The LARS is a
nonabsorbable, synthetic ligament device made of
terephthalic polyethylene polyester fibers and is too
ineffective when used as a stand-alone graft.21 Many
previous attempts at ACL repair using synthetic grafts
have used materials that have failed because of poor
integration or the buildup of synthetic material within
the joint space.22,23 FiberTape has been used
extensively for rotator cuff repair and has been very
well tolerated.24

A major advantage in the use of the internal brace is
to inherently strengthen the overall construct to protect
the graft during the revascularization and remodeling
process (Table 1). This is particularly true in allograft
tissue, which has a slower integration period.15,16

Independent tensioning of the FiberTape separate
from the graft tensioning is very important, so the
graft itself experiences load. Another advantage is
confidence with an accelerated rehabilitation program
with early weight-bearing, with the internal brace
providing increased joint support. Finally, given that its
small size and overall flexibility make it an easy mate-
rial to handle intraoperatively, it is simple to loop the
Fibertape to the femoral TightRope device and fixate on
the tibia with a SwiveLock.
The primary disadvantage regarding use of an inter-

nal brace would be the risk of overconstraining the joint
and leading to loss of motion if the internal brace is too
tight (Table 2). For this reason, the internal brace is
fixated separately from the graft and always at full
hyperextension. Another concern would be potential
stress shielding of the graft itself, but this also can be
avoided by placing a hemostat tip underneath the
FiberTape at the time of tibial fixation to build in a bit of
slack with the internal brace. This ensures that the graft
sees load, which is important in the tissue revasculari-
zation and remodeling process.
The authors believe a small-diameter FiberTape

internal brace can safely protect an allograft during the
remodeling and revascularization phase by facilitating
tissue ingrowth and incorporation, potentially reducing
the rate of retears in allograft reconstructions.
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