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(57) ABSTRACT 

Cruciate ligament Substitutes are formed using fan-folded 
illiotibial band grafts of fascia lata. Devices of making the 
same and methods of making and using the same are 
described herein. The thick fan-folded grafts of fascia lata 
cruciate ligament Substitutes disclosed herein are used in a 
single-loop fashion and have surprisingly exhibited load to 
failure and stiffness values that compare favorably with con 
ventional grafts, including tibialis anterior, tibialis posterior, 
peroneus longus, and bone-patellar tendon-bone (BPTB) 
half-patella specimens, when the harvested illiotibial band 
grafts of fascia lata avoid portions thicker than 5 mm, or even 
3 mm. 
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EAN FOLDED FASCALATA FOR CRUCIATE 
LGAMENT SUBSTITUTION AND METHOD 
AND APPARATUS FOR MAKING THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims the benefit of Provisional Applica 
tion Ser. No. 61/295,202 filed Jan. 15, 2010, which is herein 
incorporated by reference in its entirety. 

FIELD OF THE INVENTION 

The present invention is generally directed toward fan 
folded fascia lata for cruciate ligament Substitution, devices 
for making the same, and methods of using the same. 

BACKGROUND OF THE INVENTION 

Damaged and ruptured cruciate ligaments of the knee (an 
terior and posterior) can be corrected with Surgical treatment. 
If left untreated, chronic pain, instability, laxity and degen 
erative joint changes are the result. The anterior cruciate 
ligament (ACL) and the posterior cruciate ligament 
(PCL) are frequently subject to traumatic injury, frequently 
related to sports activities. Because of the mode of inflicted 
trauma these injuries occur most frequently in younger 
people. 

Ligament reconstruction, but not repair, results in the alle 
viation of pain, reduction in the knee effusion, improved 
stability and return to normal physical activity. The method of 
Surgical intervention typically employed has been the 
replacement of the torn ligament with patella tendon of the 
patient attached to pieces of bone from the tibia and the 
patella. These are placed in tunnels drilled in the tibia and the 
femur. The procedure is an effective one, but it is associated 
with a relatively high morbidity rate and increased operation 
duration to harvest and prepare autograft. In addition, in case 
of failure, new autografts are no longer available. For these 
reasons, allografts and Xenografts have been used in lieu of 
autografts. Xenografts have not met with much success, but 
allografts provide a number of anatomic structures, which can 
be employed as ACL and PCL substitutes. Since partial and 
complete tears of the ACL are very common, the demand for 
ACL substitute allografts is great. It is estimated that in the 
US over 100,000 ACL and PCL reconstructions are per 
formed annually. 
An allograft which anatomically matches the Successfully 

used autografts is the bone-patellar tendon-bone construct. 
However, not only is the availability of these allografts lim 
ited, but there is also a problem with length. These include 
Achilles tendons, tibialis anterior and tibialis posterior ten 
dons, tendons of hamstring muscles and others. 

SUMMARY 

Cruciate ligament Substitutes formed using fan-folded fas 
cia lata grafts are described herein. Devices of making the 
same and methods of making and using the same are also 
described herein. Unless otherwise defined, all technical 
terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to which this 
invention belongs. 

Accordingly, described herein is a a cruciate ligament Sub 
stitute including a fan-folded fascia lata sheet, including a 
fascia lata sheet having longitudinally-oriented first and sec 
ond edges opposite one another, and laterally-oriented first 
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2 
and second ends opposite one another, the fan-folded fascia 
lata sheet including at least three longitudinally oriented folds 
defining at least four layers of fascia lata; and at least one 
anchoring member anchoring a portion of the fascia lata sheet 
in a fan-folded orientation. The at least one anchoring mem 
ber can include an anchoring member anchoring the fan 
folded fascia lata sheet proximate the first or second end of 
said fan-folded fascia late sheet. The at least one anchoring 
member can further include at least one lateral anchoring 
member anchoring the fan-folded fascia lata sheet interme 
diate the first and second ends. The at least one anchoring 
member can include a first anchoring member anchoring the 
fan-folded fascia lata sheet proximate the first end and a 
second anchoring member anchoring the fan-folded fascia 
lata sheet proximate a second end of the fan-folded fascia lata 
sheet. The at least one anchoring member can be, e.g., a 
Suture, a removable anchoring member, or a combination 
thereof. The at least one anchoring member can include an 
anchoring member anchoring the first end to the second end. 
The cruciate ligament Substitute can be an anterior cruciate 
ligament Substitute or a posterior cruciate ligament Substitute. 
In one embodiment, the at least one anchoring member passes 
through each of the at least four layers of fascia lata. The 
fan-folded fascia lata sheet can include at least four longitu 
dinally oriented folds defining at least five layers of fascia 
lata. For example, the fan-folded fascia lata sheet can include 
at least five longitudinally oriented folds defining at least six 
layers of fascia lata. The cruciate ligament Substitute can 
further include a lateral fold at a middle portion of the fan 
folded fascia lata sheet. 

Also described herein is an apparatus for handling a fascia 
lata, including first and second removable anchoring mem 
bers, each of the removable anchoring members including: a 
base having a first Surface, a post extending from the first 
Surface, and a fastener for removable attachment to the base, 
the fastener including a cavity for receiving the post when the 
fastener is attached to the base; and a frame having a first end 
and a second end at opposite ends of said frame, the first end 
including a first cavity for receiving the first removable 
anchoring member and the second end including a second 
cavity for receiving the second removable anchoring member. 
The frame can include a folding plate, the folding plate 
including the first and second cavities and a folding Surface 
extending between the first and second cavities, the post of the 
first removable anchoring member extending above the fold 
ing surface when the base of the first removable anchoring 
member is placed in the first cavity, and the post of the second 
removable anchoring member extending above the folding 
surface when the base of the second removable anchoring 
member is placed in the second cavity. The frame can include 
a Support structure base that includes a first holding portion 
and a second holding portion connected at opposite ends of a 
base separating member, the first holding portion including 
the first cavity and the second holding portion including the 
second cavity. The apparatus can further include a Support 
rack for Supporting material extending between the first and 
second removable anchor members, the Support structure 
base maintaining a Support Surface of the Support rack at a 
level of the first Surfaces. The Support rack can have a gener 
ally rectangular shape with a longitudinal axis extending 
from the first holding portion to the second holding portion, 
the Support rack being foldable along alongitudinal fold line, 
the fold line arranged such that first and second longitudinal 
edges of the Support rack overlap when the Support rack is in 
a folded position. The apparatus can further include at least 
two aligned Suture windows along the first and second longi 
tudinal edges, or at least one suture window extending across 
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the longitudinal fold line, or both. In one embodiment, the 
apparatus further includes a Support structure top including a 
first capping portion and a second capping portion connected 
at opposite ends of a top separating member, the first capping 
portion including a first fastener cavity dimensioned to 5 
receive the fastener of the first removable anchoring member 
and the second capping portion including a second fastener 
cavity dimensioned to receive the fastener of the second 
removable anchoring member. 

Further described herein is a method of fan-folding a fascia 10 
lata. The method includes: providing a fascia lata sheet hav 
ing longitudinally-oriented first and second edges opposite 
one another and laterally-oriented first and second ends oppo 
site one another, providing an apparatus including first and 
second removable anchoring members, each of the removable 15 
anchoring members including a base having a first Surface, a 
post extending from the first Surface, and a fastener for 
removable attachment to the base, the fastener including a 
cavity for receiving the post when the fastener is attached to 
the base; and a frame having a first end and a second end at 20 
opposite ends of the frame, the first end including a first cavity 
for receiving the first removable anchoring member and the 
second end including a second cavity for receiving the second 
removable anchoring member, attaching a first portion of the 
fascia lata sheet proximate the first end and the first edge to a 25 
post extending from the first removable anchoring member; 
and attaching a second portion of the fascia lata sheet proxi 
mate the second end and the first edge to a post extending 
from the second removable anchoring member. The method 
can further include folding the fascia lata to form a longitu- 30 
dinal fold line, the facia lata including an anchored portion 
between the first edge and the longitudinal fold line and a free 
portion between the longitudinal fold line and the second 
edge; attachingaportion of the free portion proximate the first 
end to the post extending from the first removable anchoring 35 
member; and attachingaportion of the freeportion proximate 
the second end to the post extending from the second remov 
able anchoring member. In this embodiment, the method can 
further include repeating the steps of folding the fascia lata to 
form a longitudinal fold line, attaching a portion of the free 40 
portion proximate the first end to the post extending from the 
first removable anchoring member, and attaching a portion of 
the free portion proximate the second end to the post extend 
ing from the second removable anchoring member in order to 
form a fan-folded fascia lata sheet including at least four (e.g., 45 
five layers). The method can further include fastening a fas 
tener of the first removable anchoring member to the base of 
the first removable anchoring member, or fastening a fastener 
of the second removable anchoring member to the base of the 
second removable anchoring member; or both. In one 50 
embodiment, a frame of the apparatus further includes a 
folding plate that includes first and second cavities and a 
folding Surface extending between the first and second cavi 
ties, the post of the first removable anchoring member extend 
ing above the folding surface when the base of the first remov- 55 
able anchoring member is placed in the first cavity, and the 
post of the second removable anchoring member extending 
above the folding surface when the base of the second remov 
able anchoring member is placed in the second cavity. 

Still further described herein is a method of producing a 60 
cruciate ligament Substitute. The method includes providing a 
facia lata sheet having longitudinally-oriented first and sec 
ond edges opposite one another, and laterally-oriented first 
and second ends opposite one another, the fascia lata sheet 
being secured in a fan-folded orientation with at least one 65 
removable anchoring member, and securing the fan-folded 
fascia lata in a fan-folded orientation with at least one perma 

4 
nent anchoring member. This method can further include 
securing a first end and a second end of the fan-folded facia 
lata together using at least one permanent anchoring member 
to form a single-loop facia lata Substitute. The at least one 
removable anchoring member can include a post for anchor 
ing the fascia lata sheet. 

Also described herein is a method of producing a cruciate 
ligament Substitute including providing a facialata sheet hav 
ing longitudinally-oriented first and second edges opposite 
one another, and laterally-oriented first and second ends 
opposite one another, fan-folding the facia lata sheet; and 
securing the facialata sheet in a fan-folded orientation with at 
least one removable anchoring member. 

In another embodiment, a folding template includes agen 
erally rectangular folding rack including a first longitudinal 
edge and a second longitudinal edge opposite the first longi 
tudinal edge, the folding rack including at least three spaced 
apart, longitudinally-oriented fold lines for folding the fold 
ing rack in a fan-folded orientation; and at least one set of 
aligned Suture windows along at least one longitudinally 
oriented fold line, at least one longitudinal edge, or both of the 
folding rack when the folding rack is in the fan-folded orien 
tation. The folding template can include at least one set of 
aligned Suture windows along each of two longitudinally 
oriented fold lines of the folding rack that are adjacent one 
another when the folding rack is in the fan-folded orientation. 
A method of fan-folding a fascia lata can include providing a 
fascia lata sheet having longitudinally-oriented first and sec 
ond edges opposite one another and laterally-oriented first 
and second ends opposite one another. 

Although ligament substitutes, apparatuses, and methods 
similar or equivalent to those described herein can be used in 
the practice or testing of the present invention, Suitable liga 
ment Substitutes, apparatuses, and methods are described 
below. All publications, patent applications, and patents men 
tioned herein are incorporated by reference in their entirety. 
In the case of conflict, the present specification, including 
definitions, will control. The particular embodiments dis 
cussed below are illustrative only and not intended to be 
limiting. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A fuller understanding of the present invention and the 
features and benefits thereof will be obtained upon review of 
the following detailed description together with the accom 
panying drawings, in which: 

FIG. 1 is a picture showing a piece of fascia lata after 
harvesting. 

FIG. 2 is a picture showing a table arranged for performing 
a method according to the invention. 

FIG.3 is a picture showing a facialata sheet being prepared 
for trimming to a generally-rectangular shape. 

FIG. 4 is a picture showing a facia lata sheet ready for 
trimming to a generally-rectangular shape. 

FIG. 5 is a picture showing a facia lata and a straight 
edge-type guide used to assist with cutting of the fascia lata 
sheet. 

FIG. 6 is a picture showing the fascia lata being cut using a 
Scalpel and a straight edge-type guide. 

FIG. 7 is a picture showing a piece of the fascia lata sheet 
that has been removed. 

FIG. 8 is a picture showing preparations of a Surgical awl 
for making holes in a fascia lata sheet. 

FIG. 9 is a picture showing preparations of a Surgical awl 
for making holes in the fascia lata sheet. 
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FIG. 10 is a picture showing a Surgical awl being used to 
punch a hole in the fascia lata sheet proximate an end of the 
fascia lata sheet. 

FIG. 11 is a picture showing a Surgical awl punching a hole 
in the fascia lata sheet proximate an end of the fascia lata 
sheet. 

FIG. 12 is a picture showing the Surgical awl passing 
through the fascia lata sheet. 

FIG. 13 is a picture showing the surgical awl being 
removed from the hole formed in the fascia lata sheet. 

FIG. 14 is a picture of a Surgical awl being used to make a 
hole in a fascia lata sheet. 

FIG. 15 is a picture showing a generally rectangular fascia 
lata sheet and an apparatus for handling a fascia lata sheet 
according to an embodiment of the invention. 

FIG. 16 is a picture showing a generally rectangular facia 
lata sheet anchored to removable anchoring members accord 
ing to an embodiment of the invention. 

FIG.17 is a picture of a partially fan-folded fascia lata sheet 
anchored to removable anchoring members according to an 
embodiment of the invention. 

FIG. 18 is a picture of a partially fan-folded fascia lata sheet 
anchored to removable anchoring members according to an 
embodiment of the invention. 

FIG. 19 is a picture of a fan-folded fascia lata sheet resting 
on a folding plate and anchored to removable anchoring 
members according to an embodiment of the invention. 

FIG. 20 is a picture showing an end view of a fan-folded 
fascia lata sheet anchored to removable anchoring members 
that are in the fastened position. 

FIG. 21 is a picture showing a perspective view of a fan 
folded fascia lata sheet anchored to removable anchoring 
members that are in the fastened position. 

FIG. 22 is a picture showing a front view of a fan-folded 
fascia late sheet anchored to removable anchoring members 
that are in the fastened position and a folding plate with first 
and second cavities for receiving the removable anchoring 
members according to an embodiment of the invention. 

FIG. 23 is a picture showing a front view of a fan-folded 
fascia lata sheet anchored to removable anchoring members 
that are in the fastened position and a folding plate with first 
and second cavities according to an embodiment of the inven 
tion. 

FIG. 24 is a picture showing the diameter of a single-loop, 
fan-folded facia lata being measured using a tendon sizer. 

FIG. 25 is a picture showing a front view of a fan-folded 
fascia lata sheet anchored to removable anchoring members 
that are in the fastened position and a folding plate with first 
and second cavities for receiving the removable anchoring 
members according to an embodiment of the invention. 

FIG. 26 is a picture showing a fan-folded fascia late 
anchored to removable anchoring members that is resting in a 
Support structure according to the invention. 

FIG. 27 is a picture showing a fan-folded fascia lata 
anchored to removable anchoring members that is resting in a 
Support structure according to the invention. 

FIG. 28 is a picture showing a fan-folded fascia lata 
anchored to removable anchoring members that is resting in a 
Support structure according to the invention. 

FIG. 29 is a picture of a sheet of fresh-frozen fascia lata 
harvested from the mid-thigh region where tissue consistency 
is even. 

FIG. 30 is a picture of a sheet of fascia lata mounted on a 
custom cardboard folding template to allow the tissue to be 
fan-folded folded easily into multiple pleats of the same 
width. 
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6 
FIG.31 is a picture showing Sutures being added to an edge 

of a fan-folded and compressed fascia lata sheet through 
Suture windows in the folding template. 

FIG. 32 is a picture of a tissue specimens mounted in 
serrated clamps with 5 cm of tissue between the clamps. 

FIG. 33 is a picture of tissue specimens mounted in a 
tensile testing machine. 

FIG. 34 is a picture of a folding template according to one 
embodiment of the invention. 
FIG.35 is a top view of a folding template according to an 

embodiment of the invention. 
FIG. 36 is a picture of a fascia lata sheet being placed on a 

folding template according to an embodiment of the inven 
tion. 

FIG.37 is a picture of a fan-folded fascia lata sheet held in 
a folding template where sutures have been added through the 
Suture windows in the folding template. 

FIG. 38 is a series of views of a base and a fastener of a 
removable anchoring member according to an embodiment of 
the invention. 

FIG. 39 is a series of views of the base and fastener of a 
removable anchoring member according to an embodiment of 
the invention. 

DETAILED DESCRIPTION 

Described herein are cruciate ligament substitutes formed 
using fan-folded fascia lata grafts, as well as devices of mak 
ing the same and methods of making and using the same. The 
fan-folded fascia lata cruciate ligament Substitutes disclosed 
herein are used in a single-loop fashion and have Surprisingly 
exhibited load to failure and stiffness values that compare 
favorably with conventional grafts, including tibialis anterior, 
tibialis posterior, peroneus longus, and bone-patellar tendon 
bone (BPTB) half-patella specimens. 

In one embodiment, the invention is drawn to a cruciate 
ligament substitute formed from a fan-folded fascia lata 
sheet. As shown in FIGS. 15 and 29, the fascia lata sheet can 
be generally rectangular, and can include longitudinally-ori 
ented first and second edges opposite one another and later 
ally-oriented first and second ends opposite one another. The 
fan-folded fascia lata sheet can include at least three longitu 
dinally oriented folds defining at least four layers of fascia 
lata. 
The cruciate ligament Substitute can also include at least 

one anchoring member anchoring a portion of the fascia lata 
sheet in a fan-folded orientation. The anchoring member can 
anchor the fascia lata sheet by passing through each of the at 
least four layers of fascia lata. For example, the anchoring 
member can pass through a series of aligned holes in each of 
the fascia lata layers. The cruciate ligament Substitute can be 
an anterior cruciate ligament Substitute or a posterior cruciate 
ligament Substitute. 
As used herein, “fan-folded” is used to refer to a sheet that 

is folded along a series of parallel fold lines, where adjacent 
folds are folded in opposite directions. The parallel fold lines 
can be spaced at regular or irregular intervals. In general, the 
fold lines will be spaced at regular intervals. 
As used herein, “generally rectangular refers to a sheet 

having a shape resembling a rectangle in that the shape is two 
major longitudinal edges and laterally extending end por 
tions. The shape of the end portions is not critical and each 
end portion may include one or more major edges. A sheet can 
be generally rectangular and include Some minor edges or 
even have a curved end portion. For example, the fascia lata in 
FIG. 29 is generally rectangular even though it includes some 
minor sides proximate the first and second end. 
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The generally rectangular fascia lata can be at least 15x3 
cm in size in order to be used in the cruciate ligament Substi 
tutes discloses herein. The fascia lata sheet can be at least 
17x4 cm or at least 20x5 cm. 
The anchoring members can be used to anchor the fan 

folded fascialata sheet proximate the first or second end of the 
fan-folded fascia lata sheet. For example, FIGS. 17-23 show 
a post of a removable anchoring member anchoring the fan 
folded fascia lata sheet proximate the first and second ends of 
a fascia lata sheet. 
The anchoring members can also be used to anchor the 

fan-folded fascia lata sheet intermediate the first and second 
ends. For example, FIGS.37 and 38 show permanent anchor 
ing members, such as Sutures, anchoring the fan-folded fascia 
lata sheet. In addition, FIG.31 shows a suture being placed in 
the fan-folded fascia lata sheet. 

The anchoring member can be removable or permanent. 
Examples of permanent anchoring members include, but are 
not limited to, Sutures, staples and other relatively permanent 
Surgical anchors. As used herein, “permanent” refers to 
anchoring members that are not intended to be removed. 
Permanent anchoring members include both non-absorbable 
sutures and absorbable sutures. Non-absorbable sutures 
include, but are not limited to, nylon and polypropylene. 
Absorbable sutures include, but are not limited to, sutures 
based on polyglycolic acid, polylactic acid and polydiox 
anone. Absorbable sutures can be designed to be stable within 
the body for at least two weeks and completely absorbed by 
the body after a period of at least 50 days. Exemplary sutures 
include those sold under the trade name VICRYL, an absorb 
able, polyglycolic, Suture available from Ethicon, Inc. 

Examples of removable anchoring members include 
anchoring members that are made for easy removal and are 
intended to be removed prior to implanting the cruciate liga 
ment substitute. Removable anchoring members include, but 
are not limited to, the clip-type designs shown in FIGS. 15-27. 
FIG. 39 includes multiple views of the base and fastener of a 
removable anchoring member according to an embodiment of 
the invention. 

The cruciate ligament Substitute can include an anchoring 
member attaching portions proximate the first end and the 
second end to form a single-loop, fan-folded fascia lata sheet. 
The anchoring member attaching the first and second ends 
can be a permanent anchoring member. The simple-loop, 
fan-folded fascia lata sheet can include a lateral fold in a 
middle portion of the cruciate ligament Substitute. As used 
herein, “middle portion' is used to refer to the middle fifty 
percent of the cruciate ligament Substitute as measured along 
the length of the fan-folded fascia lata sheet. 

The fan-folded fascia lata sheet can include at least four 
longitudinally oriented folds defining at least five layers of 
fascia lata. Similarly, the fan-folded fascia lata sheet can 
include at least five longitudinally oriented folds defining at 
least six layers of fascia lata. 

It has been demonstrated that single-loop, fan-folded fascia 
lata sheets can exhibit mechanical properties that compare 
favorably with existing cruciate ligament grafts. In general, 
single-loop, fan-folded fascia lata sheets determined to have a 
diameter of at least 6 mm using a tendon sizer, as shown in 
FIG. 24, exhibited desirable mechanical properties. In some 
instances, the single-loop, fan-folded fascia lata sheet can 
have a diameter of at least 7 mm using a tendon sizer, or at 
least 8 mm using a tendon sizer. The single-loop, fan-folded 
fascia lata sheet can have a diameter of no more than 12 mm 
using a tendon sizer, or no more than 11 mm using a tendon 
sizer, or no more than 10 mm using a tendon sizer, or no more 
than 9 mm using a tendon sizer. As shown in FIG. 24, the 
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8 
diameter of a single-loop, fan-folded fascia lata sheet can be 
determined using a tendon sizer by looping a thick Suturing 
thread through the looped, fan-folded fascia lata sheet and 
attempting to pull the looped, fan-folded fascia lata sheet 
through an opening in the tendon sizer. 
A potential advantage in the single-loop, fan-folded fascia 

lata constructs disclosed herein is a potentially decreased 
time for biologic incorporation. Since allograft tissues incor 
porate from the periphery, it is believed that the fan-folded 
graft construct with numerous layers and a large exposed 
Surface area will incorporate cellular material from the Syn 
ovial fluid faster and more uniformly than conventional solid 
tubular grafts, such as tibialis tendons. 
The invention is also drawn to an apparatus for handling a 

fascia lata sheet. The apparatus can include a first and a 
second removable anchoring member. Each of the removable 
anchoring members can include a base having a first Surface, 
a post extending from the first Surface, and a fastener for 
removable attachment from the base. The fastener can include 
a cavity for receiving the post when the fastener is attached to 
the base. As shown in FIG. 22, where the posts pass through 
the fastener, the cavity can be a hole passing from an interior 
surface of the fastener to an exterior surface of the fastener. 
However, the cavity can have any shape so long as it prevents 
a facialata layer anchored to the post from falling off the post 
when the fastener is fastened to the base. 
The post can extend orthogonally from the first surface of 

the base. As used herein, an object extends “orthogonally, if 
it extends in a direction that is generally normal to the Surface 
from which it extends. However, “orthogonally' is also 
intended to include minor deviations from the normal vector, 
such as a deviation of 15° or less, or 10° or less, or 5 or less. 
As shown in FIGS. 22, 23 and 26, the apparatus can include 

a framehaving a first end and a second end at opposite ends of 
the frame. The first end of the frame can include a first cavity 
for receiving the first removable anchoring member and the 
second end of the frame can include a second cavity for 
receiving the second removable anchoring member. 
The Figures show two frames that are useful for the facia 

lata handling apparatus. The frames include a folding plate, 
which is shown in FIGS. 15-23, and a support structure, 
which is shown in FIGS. 26-28. The folding plate is used to 
hold the removable anchoring members at a fixed distance 
from one another. The folding plate allows a fascia lata sheet 
of an acceptable length to be anchored in a fan-folded orien 
tation using the posts of the removable anchoring members. 
Once the fascia lata is fan-folded and anchored using the 

removable anchoring members, the fan-folded fascia lata can 
be removed from the folding plate and placed in the support 
structure. The Support structure can include a base and a top 
portion having cavities for receiving the removable anchoring 
member bases and fasteners, respectively. The Support struc 
ture is used for transport and storage of the removably 
anchored fan-folded fascia lata. 
The Support structure is designed Such that there are match 

ing sets of suture windows. The suture windows enable the 
implanting Surgeon or a medical professional Supporting the 
Surgeon to add permanently anchors, such as Sutures, to 
anchor the fascia lata in a fan-folded, single loop orientation 
prior to implantation. 
As shown in FIGS. 15-23, the frame can include a folding 

plate. The folding plate can include the first and second cavi 
ties and a folding Surface extending between the first and 
second cavities. The post of the first removable anchoring 
member can extend above the folding surface when the base 
of the first removable anchoring member is placed in the first 
cavity. Similarly, the post of the second removable anchoring 
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member can extend above the folding surface when the base 
of the second removable anchoring member is placed in the 
second cavity. 
As shown in FIGS. 26-28, the frame can also include a 

Support structure base. The Support structure base can include 
a first holding portion and a second holding portion connected 
at opposite ends of a base separating member. The first hold 
ing portion can include the first cavity and the second holding 
portion can include the second cavity. 
The Support structure can also include a Support rack for 

Supporting the fan-folded fascia lata extending between the 
first and second removable anchor members. The support 
structure base can be designed to maintain a Support Surface 
of the support rack at a level of the first surfaces of the 
removable anchor members. 
The Support rack can be a sheet having a generally rectan 

gular shape with a longitudinal axis extending from the first 
holding portion to the second holding portion. The Support 
rack can be foldable along a longitudinal fold line that is 
arranged such that first and second longitudinal edges of the 
Support rack overlap when the Support rack is in a folded 
position. 
The Support rack can include at least one set of matching 

Suture windows along the first and second longitudinal edges, 
or the Support rack can include at least at least one suture 
window extending across the longitudinal fold line, or the 
Support rack can include both. 
As used herein, 'suture window' refers to a cut out from a 

sheet, such as a Support rack, that enables a medical profes 
sional to Suture a material Supported in the sheet without 
simultaneously attaching the material to the sheet. For 
example, as shown in. FIG. 31, suture windows enable intro 
duction of sutures to a fan-folded fascia lata sheet held in a 
folding template in a manner that the fan-folded fascia lata 
sheet can be removed from the folding template with the 
Suture intact. 
As shown in FIG. 28, the support structure can also include 

a Support structure top. The Support structure top can include 
a first capping portion and a second capping portion con 
nected at opposite ends of a top separating member. The first 
capping portion can include a first fastener cavity dimen 
sioned to receive the fastener of the first removable anchoring 
member and the second capping portion can include a second 
fastener cavity dimensioned to receive the fastener of the 
second removable anchoring member. 
As shown in FIGS. 26-28, the support structure base and 

top can also include Support rack Stabilizing components 
between the holding portions, between the capping portions 
or both. The rack stabilizing components can be attached to 
the applicable separating member. The rack stabilizing com 
ponent(s) can be dimensioned to maintaina Support Surface of 
the support rackata level of the first surfaces of the removable 
anchor members. 

In another embodiment, the invention is drawn to a method 
of fan-folding a fascia lata as shown in FIGS. 1-28. The 
method can include providing a fascia lata sheet having lon 
gitudinally-oriented first and second edges opposite one 
another and laterally-oriented first and second ends opposite 
one another. A freshly harvested fascia lata is shown in FIG. 
1. FIGS. 2-14 show the fascia lata being cut into a generally 
rectangular shape having longitudinally-oriented first and 
second edges. 

In addition, FIGS. 8-14 show the use of a surgical awl for 
pre-punching a series of holes proximate the first and second 
ends of the fascia lata sheet. The holes can be spaced so that 
the layers of fascia lata are the desired width once the fascia 
lata is fan-folded. 
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10 
The method can include providing the apparatus for han 

dling a fascia lata described above, such as the apparatus as 
shown in FIG. 15. A first portion of the fascia lata sheet 
proximate the first end and the first edge can be attached to a 
post extending from the first removable anchoring member. 
Similarly, a second portion of the fascia lata sheet proximate 
the second end and the first edge can be attached to a post 
extending from the second removable anchoring member. 
Where holes are pre-formed, using a Surgical awl or similar 
device, the first portion and the second portion can be attached 
using the holes closest to the first edge. 
The method can also include folding the fascia lata to form 

alongitudinal fold line. As shown in FIG.16, the facialata can 
include an anchored portion between the first edge and the 
longitudinal fold line and a free portion between the longitu 
dinal fold line and the second edge. A portion of the free 
portion proximate the first end can be attached to the post 
extending from the first removable anchoring member and a 
portion of the free portion proximate the second end can be 
attached to the post extending from the second removable 
anchoring member. The folding and attaching steps can be 
repeated at least three times to create a fan-folded fascia lata 
sheet with at least three longitudinal folds and at least four 
layers. Similarly, the folding and attaching steps can be 
repeated to produce at least four longitudinal folds and at least 
five layers, or at least five longitudinal folds and at least six 
layers. 
As shown in FIGS. 20-21, the method can also include 

fastening a fastener of the first removable anchoring member 
to the base of the first removable anchoring member; fasten 
ing a fastener of the second removable anchoring member to 
the base of the second removable anchoring member; or both. 
The method can also include transferring the removably 
anchored fan-folded fascia lata from the folding plate to the 
Support structure. Once in the Support structure, the fan 
folded fascia lata can be stored, preferably frozen, until such 
time as the fan-folded fascia lata is ready to be implanted. 

Prior to implanting the fan-folded fascia lata, permanent 
anchors, such as polyglycolic acid-based sutures, can be 
introduced to anchor the fan-folded fascia lata. Once the 
permanent anchors are introduced, the fan-folded fascia lata 
can be removed from the Support structure and maintain a 
fan-folder orientation. The first and second end of the fan 
folded fascia lata can then be attached to one another to form 
a single-loop, fan-folded fascia lata. The single-loop, fan 
folded fascia lata can then be implanted using conventional 
Surgical techniques for implanting a cruciate ligament Substi 
tute. 

In another embodiment, the method of producing a cruciate 
ligament Substitute can include providing a facia lata sheet 
secured in a fan-folded orientation with at least one remov 
able anchoring member, and securing the fan-folded fascia 
lata in a fan-folded orientation with at least one permanent 
anchoring member. The method can also include securing a 
first end and a second end of the fan-folded facialata together 
with at least one permanent anchoring member to form a 
single-loop facialata Substitute. 

In another embodiment, the method of producing a cruciate 
ligament Substitute can include providing a generally-rectan 
gular facia lata sheet, fan-folding the facia lata sheet, and 
securing the facialata sheet in a fan-folded orientation with at 
least one removable anchoring member. The method can also 
include storing the fascia lata sheet in the fan-folded orienta 
tion. 
As shown in FIGS. 30, 31 and 34-38, the invention also 

includes a folding template. The folding template can include 
a generally rectangular folding rack having a first longitudi 
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nal edge and a second longitudinal edge opposite the first 
longitudinal edge. The folding rack can include at least three 
spaced-apart, longitudinally-oriented fold lines for folding 
the folding rack in a fan-folded orientation. The folding rack 
can also include at least one suture window along at least one 
longitudinally-oriented fold line, at least one longitudinal 
edge, or both. The folding rack can include at least two 
aligned suture windows the folding rack is in the fan-folded 
orientation. As shown in FIG. 31, the folding template can 
include at least one set of aligned Suture windows along each 
of two longitudinally-oriented fold lines of the folding rack 
that are adjacent one another when the folding rack is in the 
fan-folded orientation. 
The function and advantage of these and other embodi 

ments of the present invention will be more fully understood 
from the examples described below. The following examples 
are intended to facilitate an understanding of the invention 
and to illustrate the benefits of the present invention, but are 
not intended to limit the scope of the invention. 

Examples 

Methods 
Eighteen fascia lata specimens were harvested from 11 

donors with a mean age of 38 years (range 21 to 56 years). 
These grafts were harvested from the distal-lateral thigh and 
were approximately 22 cm in length and 4 cm in width, 
depending on the donor. All tissue was fresh-frozen after 
harvesting within 24 hours postmortem. Using a custom tem 
plate (FIG. 29), the fascia lata specimens were fan-folded to 
achieve a tubular-like graft that was multiple layers thick 
(FIG. 30). This fan-folded construct was then secured with 
several simple sutures along the length of the graft (FIG. 31). 
The final fascia lata graft was then doubled-over in a single 
loop fashion for testing purposes. Prior to testing, each graft 
was passed through the smallest possible tendon sizer. Of the 
14 grafts used in testing, three were 7 mm, five were 8 mm, 
nine were 9 mm, and one was 10 mm in diameter. 

For comparative purposes, four additional donors that had 
been allocated for research purposes were used to harvest a 
total of eight tibialis anterior, eight tibialis posterior, and eight 
peroneus longus, and sixteen BPTB half-patella specimens. 
The average age of the donors was 46 years (range 25 to 61 
years). Each of the Soft tissue grafts were atraumatically 
stripped of any muscle attachment and doubled-over to form 
a single loop. For tibialis anterior, there was a single 8 mm 
specimen, six 9 mm specimens, and one 10 mm specimen. 
For tibialis posterior, there were two 9 mm specimens, five 10 
mm specimens, and a single 11 mm specimen. For peroneus 
longus, there were five 8 mm specimens and two 9 mm 
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specimens. Two half patellar specimens were discarded 
because of tissue quality and the remaining fourteen speci 
mens were trimmed to a tendon width of 10 mm. The patellar 
and tibial bone blocks were similarly trimmed to allow fixa 
tion by the freeze grips. 

After initial harvesting and preparation, all grafts were kept 
frozen until the day of testing. With a typical harvested sheet, 
a graft of roughly six layers thick of fascia lata could be 
fashioned, making the single-loop construct roughly twelve 
layers thick. With harvested sheet lengths of at least 20 cm, a 
10 cm single-loop/double strand graft can easily be created. 
This would be an adequate length for most clinical scenarios 
even if cortical fixation devices were to be used. In order to 
secure the layers of the folded fascia together, suture windows 
were created in the folding template at regular intervals. This 
allowed easy placement of regularly-spaced interrupted 3-0 
Vicryl Sutures along the length of the graft to tubularize and 
secure it. In a clinical setting, the fan-folding and/or Suturing 
of the fascia lata graft can be done at the time of Surgery. 
During harvesting of the fascia lata, it was noted that the 
thickness of the iliotibial band increased distally in the thigh 
towards Gerdy’s tubercle. However, the tissue consistently at 
this location was variable and not easily fan-folded into the 
double-strand construct. As such, the fan-folded fascia lata 
specimens for use as cruciate ligament Substitutions could be 
harvested from a more central location in the thigh that avoids 
thicker portions of the iliotibial band near Gerdy’s tubercle. 
In particular, the fascia lata can be harvested to avoid portions 
that are thicker than 5 mm or the fascia lata can be harvested 
to avoid portions that are thicker than 3 mm. 

All the soft tissuegrafts were in a single-loop configuration 
and held by serrated metal clamps (FIG. 32) on either end 
with a distance of 50 mm between the clamps. Both clamps 
were then frozen in liquid nitrogen for 20 seconds to allow 
freezing and bonding of the clamped tissue ends to the metal. 
The intervening 50 mm of tissue between the clamps was left 
unfrozen. The clamped ends were then mounted on an MTS 
Mini Bionix 858 testing apparatus and pre-tensioned to 5-15 
N to ensure the grafts were taut prior to testing (FIG.33). The 
MTS TestStar Station Manager was used to collect informa 
tion about ultimate tensile strength and stiffness of the grafts 
(Table 1, below). At this point, the grafts were loaded to 
failure at a rate proportional to their active length. Since the 
active length of the soft tissue grafts was 50 mm, elongation 
was carried out at 5 mm/sec. Values for ultimate tensile 
strength, stiffness, and mode of failure were recorded. The 
BPTB grafts were similarly tested with both bone blocks 
secured by the freeze grips. Statistical analysis consisted of a 
student's t-test to compare values between fascia lata and the 
other tested graft types. 

TABLE 1. 

Data for Individual Test Specimens 

Graft 
Type 

Fascia 
Lata 
Fascia 
Lata 
Fascia 
Lata 
Fascia 
Lata 
Fascia 
Lata 

Tensile Tensile 
Diameter Strength Stiffness Graft Diameter Strength Stiffness 
(mm) (N) (N/mm) Type (mm) (N) (N/mm) 

7 1918.56 302.83 BPTB 10 101S 153.4 
BPTB 10 1454 223.1 

7 1978.82 241.69 BPTB 10 1740 240.3 
BPTB 10 1221 290.3 

7 2022.95 231.02 BPTB 10 1116 333.7 
BPTB 10 870 164.5 

8 2379.57 367.60 BPTB 10 1452 276.7 
BPTB 10 2837 336.2 

8 3160.01 398.11 BPTB 10 1581 248.8 
BPTB 10 1205 1809 
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TABLE 1-continued 

Data for Individual Test Specimens 

Tensile Tensile 
Graft Diameter Strength Stiffness Graft Diameter Strength Stiffness 
Type (mm) (N) (N/mm) Type (mm) (N) (N/mm) 

Fascia 8 2281.51 324.86 BPTB 10 1089 256.9 
L88 BPTB 10 1585 156.8 
Fascia 8 3272.23 4O6.62 BPTB 10 1697 1643 
L88 BPTB 10 789 108.5 
Fascia 8 3658.18 412.19 Tib Ant 8 2155 237.5 
L88 Tib Ant 9 3965 375.0 
Fascia 9 4110.24 464.32 Tib Ant 9 1909 276.4 
L88 Tib Ant 9 3704 498.3 
Fascia 9 4323.83 536.46 Tib Ant 9 2268 2011 
L88 Tib Ant 9 3582 399.9 
Fascia 9 44O2.78 590.64 Tib Ant 9 3439 378.5 
L88 Tib Ant 10 3075 376.3 
Fascia 9 2020.68 214.54 Tib 9 2304 367.0 
L88 POS 

Fascia 9 4727.42 509.70 Tib 9 3352 392.8 
L88 POS 

Fascia 9 4064.68 SOO.S2 Tib 10 3740 422.O 
L88 POS 

Fascia 9 3709.99 324.14 Tib 10 3158 375.8 
L88 POS 

Fascia 9 2834.70 265.20 Tib 10 42OS 4O6.O 
L88 POS 

Fascia 9 3327.07 791.27 Tib 10 4471 4102 
L88 POS 

Fasci 10 4596.53 572.16 Tib 10 4691 419.2 
L88 POS 

Per 8 3266 292.8 Tib 11 3403 347.2 
Longus POS 
Per 8 3166 3O8.8 
Longus 
Per 8 3715 493.3 
Longus 
Per 8 3295 259.1 
Longus 
Per 8 3186 225.1 
Longus 
Per 9 1584 383.1 
Longus 
Per 9 3615 378.6 

Longus 
Per 9 2576 432.2 

Longus 

RESULTS TABLE 2 
50 

The average load to failure for the tested double-strand 
fan-folded fascia lata grafts was 3266 N (Table 2). This was 
comparable to the mean values observed for tibialis anterior 
(3012 N, p=0.52), tibialis posterior (3666 N, p=0.32), and 
peroneus longus allografts (3050N, p=0.58) in this study. The 
fan-folded fascia lata construct performed significantly better 
than the 10 mm BPTB allograft (1404 N, p<0.001) in this 
setting. A similar trend was observed for graft stiffness val 
ues, with fan-folded fascia lata having the higher mean stiff 
ness (414.10 N/mm). However, this was not statistically sig 
nificant compared to values for tibialis anterior (343 N/mm. 
p=0.24), tibialis posterior (392 N/mm. p=0.69), and peroneus 
longus (347 N/mm; p=0.26). Compared to BPTB (224 
N/mm), the fan-folded fascia lata was significantly stiffer 
(p<0.001). 
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Average Data by Graft Type 

Average Ultimate Tensile 
Graft Diameter Strength Stiffness 

Fascia 8.44 mm 3266 N (+/- 987 N) 414 N/mm (+/- 151 N/mm) 
Lata 
Tibialis 9.88 mm 3666 N (+/- 782 N) 392 N/mm (+/- 27 N/mm) 
posterior P = 0.32 P = 0.70 
Peroneus 8.38 mm 3050 N (+/- 684 N) 347 N/mm (+/-91 N/mm) 
longus P = 0.58 P = 0.26 
Tibialis 9 mm 3012 N (+/- 794N) 343 N/mm (+/-97 N/mm) 
anterior P = 0.53 P = 0.24 
BPTB 10 mm 1403 N (+/- 511 N) 224 N/mm (+/- 71 N/mm) 

P<0.001 P<0.001 

p values are comparing the fascia lata data to each of the other test graft types 

A separate analysis was performed excluding the three 
grafts from the fascia lata group which were 7 mm in diam 
eter. The ultimate tensile loads (1919 N, 1979 N, and 2023 N 
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respectively) and stiffness (303 N/mm. 242 N/mm. 231 
N/mm) for these 7 mm grafts were markedly lower than the 
rest of the fan-folded fascia lath specimens. Excluding these 
7 mm grafts, the mean ultimate tensile strength of the fan 
folded fascia lata specimens increased to 3524 N and the 
mean stiffness increased to 445 N/mm. However, these values 
were still not significantly different than the values obtained 
for the soft-tissue allografts (tibialis and peroneal tendons) 
tested in this study. 

The failure mode for all tested specimens was also 
recorded. Sixteen of the 18 tested fan-folded fascia lata speci 
mens were purely intrasubstance ruptures whereas only two 
of 18 failed towards the clamped end. The majority of the 
failures in the other soft tissue grafts were also intrasubstance 
ruptures with occasional failures towards the clamps. There 
were no instances of soft tissue slippage from the freeze 
clamps. This is in contrast to the BPTB group, where a slight 
majority of the failures were at the bone-tendon interface with 
the remainder being intraligamentous ruptures. Again, there 
were no instances of bone pullout from the clamps. 

The values for ultimate tensile strength (3266 N) and stiff 
ness (414 N/mm) for the single-loop, fan-folded fascia lata 
constructs were comparable to the other soft tissue allografts 
studied. These numbers improved to 3525 N and 445 N/mm. 
respectively when the smaller 7 mm grafts were excluded 
from the analysis. The values for the soft tissue grafts in this 
study (fascia lata, tibialis anterior, tibialis posterior, and pero 
neus longus) were comparable to similar studies in the litera 
ture. 

Values for graft stiffness have been reported to range from 
210 N/mm for a 10 mm BPTB to 274 N/mm for a 14 mm 
BPTB graft. The stiffness of the fan-folded fascia lata graft in 
this study of 414 N/mm greatly exceeds this historical data 
and is higher than values for the other soft tissue grafts in this 
and other studies, with ranges from 242 N/mm to 392 N/mm. 
Based on this data, the single-loop double-stranded, fan 
folded fascia lata graft performs at least as well as any other 
allograft tissue in clinical use today with respect to initial 
ultimate tensile strength and stiffness. 

It is to be understood that while the invention has been 
described in conjunction with the preferred specific embodi 
ments thereof, that the foregoing description as well as the 
examples which follow are intended to illustrate and not limit 
the scope of the invention. Other aspects, advantages and 
modifications within the scope of the invention will be appar 
ent to those skilled in the art to which the invention pertains. 
We claim: 
1. A method of fan-folding a fascia lata, comprising the 

steps of: 
harvesting a fascia lata sheet in a length of at least 20 cm 

from the iliotibial band in a central region of the thigh to 
avoid portions that are thicker than 5 mm; 

providing a fascia lata sheet having longitudinally-oriented 
first and second edges opposite one another and later 
ally-oriented first and second ends opposite one another 
providing an apparatus for handling a fascia lata, having 
first and second removable anchoring members for 
removal prior to implanting the fan-folded fascia lata, 
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each of said removable anchoring members comprising 
a base having a first Surface, a post extending from said 
first surface, and a fastener for removable attachment to 
said base, wherein said fastener comprises a cavity for 
receiving said post when said fastener is attached to said 
base; a frame having a first end and a second end at 
opposite ends of said frame, wherein said first end com 
prises a first cavity for receiving said first removable 
anchoring member and said second end comprises a 
second cavity for receiving said second removable 
anchoring member, and wherein said frame has a folding 
plate, said folding plate including said first and second 
cavities and a folding Surface extending between said 
first and second cavities, wherein said post of said first 
removable anchoring member extends above said fold 
ing surface when said base of said first removable 
anchoring member is placed in said first cavity, wherein 
said post of said second removable anchoring member 
extends above said folding surface when said base of 
said second removable anchoring member is placed in 
said second cavity; 

attaching a first portion of said fascia lata sheet proximate 
said first end and said first edge to a post extending from 
said first removable anchoring member, 

attaching a second portion of said fascia lata sheet proxi 
mate said second end and said first edge to a post extend 
ing from said second removable anchoring member, 

(i) folding said fascia lata to form a longitudinal fold line, 
wherein said fascia lata comprises an anchored portion 
between said first edge and said longitudinal fold line 
and a free portion between the longitudinal fold line and 
said second edge; 

(ii) attaching a portion of said free portion proximate said 
first end to said post extending from said first removable 
anchoring member, 

(iii) attaching a portion of said free portion proximate said 
second end to said post extending from said second 
removable anchoring member 

repeating steps (i)-(iii) at least three times, prior to implant 
ing the fan-folded fascia lata permanent anchors are 
introduced to permanently anchor the fan-folded fascia 
lata, thereafter the removable fasteners are removed 
prior to implantation. 

2. The method according to claim 1, further comprising: 
repeating steps (i)-(iii), in order to form a fan-folded fascia 
lata sheet comprising at least four layers. 

3. The method according to claim 1, further comprising: 
repeating steps (i)-(iii), in order to form a fan-folded fascia 
lata sheet comprising at least five layers. 

4. The method according to claim 1, further comprising: 
fastening a fastener of said first removable anchoring mem 

ber to said base of said first removable anchoring mem 
ber; or 

fastening a fastener of said second removable anchoring 
member to said base of said second removable anchor 
ing member; or 

both. 


