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(57) ABSTRACT 
Areconstructive structure for a cartilaginous element having 
a plurality of superimposed layers of intestinal submucosa 
tissue compressed and secured together and shaped to pro 
vide a reconstructive structure having the anatomical shape 
of the cartilaginous element to be reconstructed is described. 
The method of forming the reconstructive structure includes 
superimposing the planar layers of the intestinal submucosa 
tissue, securing the layers to form a multi-layered structure 
and cutting the resulting multi-layered structure to the 
desired shape. 
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TISSUE GRAFT CONSTRUCT FOR 
REPLACEMENT OF CARTILAGINOUS 

STRUCTURES 

BACKGROUND AND SUMMARY OF THE 
INVENTION 

[0001] The present invention relates generally to cartilagi 
nous reconstruction and more speci?cally to a method of 
forming a reconstructive structure for cartilage elements, 
reconstructing a cartilage element in situ using the recon 
structive structure and reconstructing a joint having tWo 
bones separated by cartilage material. 

[0002] Researchers in the surgical arts have been Working 
for many years to develop neW techniques and materials for 
use as grafts to replace or repair damaged or diseased tissue 
structures, particularly bones, cartilaginous tissue and con 
nective tissues, such as ligaments and tendons, and to hasten 
fracture healing. It is very common today, for instance, for 
an orthopaedic surgeon to harvest a patellar tendon of 
autogenous or homologous origin for use as a replacement 
for a torn cruciate ligament. The surgical methods for such 
techniques are Well knoWn. Further, it has become common 
for surgeons to use implantable prostheses formed from 
plastic, metal and/or ceramic material for reconstruction or 
replacement of physiological structures. 

[0003] It has been reported that compositions comprising 
the submucosa of the intestine of Warm-blooded vertebrates 
can be used as tissue graft materials in sheet form. See US. 
Pat. No. 4,902,508. The preferred sheet compositions 
described and claimed in that patent are characteriZed by 
eXcellent mechanical properties, including high compliance, 
a high burst pressure point, and an effective porosity indeX 
Which alloWed such compositions to be used bene?cially for 
vascular graft constructs. 

[0004] The graft materials disclosed in that patent are also 
useful in tendon and ligament replacement applications as 
described in US. Pat. No. 5,281,422. When used in such 
applications the graft constructs appear to serve as a matrix 
for the groWth of the tissues replaced by the graft constructs. 
When used in cruciate ligament replacement experiments 
not only does the portion of the graft traversing the joint 
become vasculariZed and actually groW to look and function 
like the original ligament, but the portion of the graft in the 
femoral and tibial bone tunnels rapidly incorporates into and 
promotes development of the cortical and cancellous bone in 
those tunnels. It Was believed that such properties derived 
from the sheet structures of the intestinal tissue derived graft 
constructs. US. Pat. No. 5,281,422 also describes in FIGS. 
8 and 9 doubling the graft back over itself, one layer on top 
of the other or rolling it concentrically, one layer on top of 
the other. 

[0005] An advantage of the intestinal submucosa graft 
formed for surgical repair is its resistance to infection. The 
intestinal graft material, fully described in the aforesaid 
patents, have high infection resistance, long shelf life and 
storage characteristics. It has been found that Xenogeneic 
intestinal submucosa is compatible With hosts folloWing 
implantation as vascular grafts, ligaments and tendons and is 
not recogniZed by the hosts’ immune system as “foreign” 
and therefore is not rejected. 

[0006] As described in US. Pat. No. 5,275,826, ?uidized 
intestinal submucosa can be injected into host tissues in need 
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of repair, for eXample, bone and soft tissue such as muscle 
and connective tissues. Also described is the surgical recon 
struction of a collagenous meniscus at the interface of 
articulating bones. In such reconstruction a sheet of a ?rst 
tissue graft composition, preferably itself comprising intes 
tinal submucosa of a Warm-blooded vertebrate, is formed 
into a sealed pouch and ?lled With the ?uidiZed tissue graft 
composition of intestinal submucosa. 

[0007] The present invention is directed to multi-layered 
tissue graft constructs and a method of preparing those graft 
constructs. The intestinal submucosa tissue graft constructs 
of the present invention are utiliZed in the reconstruction of 
damaged or diseased cartilaginous structures. In one 
embodiment, a method is provided for the in vivo recon 
struction of a cartilaginous structure, or for the reconstruc 
tion of a joint having tWo bones separated by cartilaginous 
material. 

[0008] The method of repairing damaged or diseased 
cartilaginous structure in vivo is achieved by a reconstruc 
tive tissue graft structure or construct that includes a plu 
rality of superimposed layers of intestinal submucosa tissue 
compressed and secured together and shaped to provide a 
solid multi-layer reconstructive element of the anatomical 
shape of the cartilaginous element to be reconstructed. The 
reconstructed structure is formed by superimposing a plu 
rality of layers of small intestinal submucosa and securing 
the layers to one another. In one embodiment, the superim 
posed layers are compressed and secured together. The 
compressed and secured solid multi-layered structure is cut, 
and optionally sculptured, to form a reconstructive structure 
having the anatomical shape of the cartilaginous structure to 
be replaced. 

[0009] The superimposed layers may be formed by Wrap 
ping a continuous piece of small intestinal submucosa about 
a pair of spaced mandrels. Preferably, the mandrels are 
positioned to diverge at an acute angle from an apeX. This 
alloWs the concave edge of the small intestine submucosa to 
be closer to the apeX than the concave edge and therefore 
compensate for the varying edge length of the small intestine 
submucosa. This results in a substantially planar structure of 
the multi-layers. Alternatively, small intestine submucosa is 
cut into sheets and the sheets are superimposed or stacked. 
The angular orientation of the sheets in parallel plane may 
be varied. 

[0010] A clamp or other tool or hydraulic press may be 
used to compress the superimposed layers together and hold 
them While they are secured together. The layer may be 
secured together by stitching, crimping, quilting, drying or 
drying in a vacuum. 

[0011] The clamp may include a slot Which serves as a 
suturing guide. Also, the outline of the clamp may be used 
as a cutting guide. In addition to cutting the outline of the 
desired anatomical shape, the multi-layers may be sculp 
tured in the cross-section to the desired anatomical shape. 

[0012] The reconstructive structure just described may be 
used for reconstructing a cartilaginous element in situ. The 
method includes removing at least a portion, if not substan 
tially all of the cartilaginous element, but leaving a seed 
portion, sculpting a reconstructive structure formed of plural 
layers of small intestine submucosa to the anatomical shape 
of the cartilaginous element being reconstructed, and posi 
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tioning it adjacent to the seed portion of the cartilaginous 
element. The reconstructive element is secured to the seed 
portion of the cartilaginous element such that the recon 
structive structure forms the substrate for endogenous car 
tilage groWth from the seed portion. 

[0013] A method for reconstructing a joint having tWo 
bones separated by a cartilaginous material includes remov 
ing any remaining portion of the cartilaginous material doWn 
to a bleeding bone site. Areconstructive structure formed of 
small intestine submucosa is positioned adjacent to the 
bleeding bone site and secured to the bleeding bone site so 
that the reconstructive structure forms a substrate for carti 
laginous groWth from the bleeding bone site. This provides 
a cartilaginous layer of material on the bone site. As an 
alternative, a membrane or barrier may be inserted to cover 
the area of the bleeding bone and the reconstructive element 
may be affixed to the membrane or barrier. 

[0014] If a sufficient amount of cartilaginous material 
remains on the bone, the cartilage can be abraded to create 
a uniform defect Without taking it to the bleeding bone. A 
reconstructive element is then attached to the remaining 
cartilaginous material. 

[0015] Other objects, advantages and novel features of the 
present invention Will become apparent from the folloWing 
detailed description of the invention When considered in 
conjunction With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] FIG. 1 is a perspective vieW of a mandril and 
method of forming a plurality of layers of small intestinal 
submucosa according to the principles of the present inven 
tion; 
[0017] FIG. 2 is a perspective vieW of a clamping tool and 
guide according to the principles of the present invention; 

[0018] FIG. 3 is a plan vieW of a method of clamping and 
securing according to the principles of the present invention; 

[0019] FIG. 4 is a perspective vieW of cutting the clamped 
plural layers using the clamp as a guide; 

[0020] FIG. 5 is a perspective vieW of the cutting step 
Without a guide; 

[0021] FIG. 6 is a perspective vieW of the method of 
preparing the site and attaching the reconstructive structure 
according to the principles of the present invention; 

[0022] 
[0023] 
[0024] 
[0025] 
[0026] FIG. 11 is a vieW of a second embodiment forming 
a plurality of layers from sheets of small intestinal submu 
cosa according to the principles of the present invention; 

FIG. 7 is a perspective vieW of a backbone; 

FIG. 8 is a cut-aWay perspective vieW of a Wrist; 

FIG. 9 is another cut-aWay vieW of a Wrist; 

FIG. 10 is a cut-aWay vieW of a shoulder; 

[0027] FIG. 12 is a diagrammatic vieW of another method 
of clamping and securing according to the principles of the 
present invention; and 

[0028] FIG. 13 is a perspective vieW of the method of 
securing using quilting according to the principles of the 
present invention. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0029] The starting material for the structure in accor 
dance With the present invention comprises vertebrate sub 
mucosa, most preferably, the tunica submucosa along With a 
basilar portion of the tunica mucosa of a segment of intes 
tinal tissue of a Warm-blooded vertebrate. One preferred 
starting material comprises the tunica submucosa along With 
the lamina muscularis mucosa and the stratum compactum 
of a segment of small intestine, said layers being delami 
nated from both the tunica muscularis and the luminal 
portion of the tunica mucosa of said segment. Such a 
material is referred to herein as Small Intestine Submucosa 
(“SIS”). The thickness and de?nition of the basilar compo 
nents of the tunica mucosa, i.e., the lamina muscularis 
mucosa and the stratum compactum, are knoWn to be species 
dependent. 

[0030] The preparation of SIS from a segment of small 
intestine is detailed in US. Pat. No. 4,902,508, the disclo 
sure of Which is eXpressly incorporated herein by reference. 
A segment of intestine, preferably harvested from porcine, 
ovine or bovine species, is ?rst subject to abrasion using a 
longitudinal Wiping motion to remove both the outer layers 
(particularly the tunica serosa and the tunica muscularis) and 
the inner layers (at least the luminal portions of the tunica 
mucosa). Typically, the SIS is rinsed With saline and option 
ally stored in a hydrated or dehydrated state until use as 
described beloW. 

[0031] In accordance With one embodiment, a tissue graft 
construct is formed for the replacement or repair of an 
endogenous cartilaginous structure. The method comprises 
the steps of superimposing a plurality of layers of intestinal 
submucosa and securing the layers together to form a 
multi-layered construct and cutting the secured layers into 
the anatomical shape of the cartilagineous structure to be 
replaced or repaired. The multilayered constructs are pro 
vided With a sufficient number of submucosal tissue layers 
to form a reconstructive tissue graft construct having the 
desired thickness for the replacement of the endogenous 
cartilaginous structure. The shape and thickness of the tissue 
graft construct is varied depending on the cartilaginous 
structure to be replaced, hoWever the multi-laminate con 
structs typically range from about 10 to about 300 layers 
With the ?nal construct having a thickness of about 1 to 
about 12 mm. In one embodiment the tissue graft construct 
comprises about 25 to about 200 layers of submucosa tissue 
and has a ?nal thickness of about 2 to about 8 mm. In 
another embodiment the tissue graft construct comprises 
about 50 to about 300 layers of submucosa tissue and has a 
?nal thickness of about 4 to about 12 mm. 

[0032] The graft constructs of the present invention can be 
formed for the replacement and repair of the articular 
cartilage of a joint, a meniscus shaped cartilaginous element 
or an intervertebral disc. In particular, graft constructs 
formed for the replacement of the articular cartilage of joints 
typically comprise about 10 to about 100 layers and have a 
thickness ranging from about 1 to about 4 mm. In one 
embodiment an articular cartilage graft construct comprises 
about 20 to about 100 layers of submucosa tissue and has a 
thickness of about 2 to about 4 mm. Tissue graft constructs 
formed for the replacement of a meniscus shaped cartilagi 
nous element typically comprise about 50 to about 200 



US 2001/0002446 A1 

layers and have a thickness ranging from about 4 to about 8 
mm. In one embodiment a meniscus construct comprises 
about 100 to about 200 layers of submucosa tissue and has 
a thickness of about 5 to about 8 mm. Tissue graft constructs 
formed for the replacement of a spinal intervertebral disc 
typically comprise about 50 to about 300 layers and have a 
thickness ranging from about 4 to about 12 mm. In one 
embodiment a intervertebral disc graft construct comprises 
about 100 to about 300 layers of submucosa tissue and has 
a thickness of about 5 to about 12 mm. 

[0033] The layers of submucosa tissue are secured to one 
another by conventional techniques knoWn to those skilled 
in the art and include, for example, the use of sutures, 
adhesives, staples and drying the tissue. In one embodiment 
the layers of intestinal submucosa are compressed While the 
layers are secured. In one embodiment the layers are com 
pressed utiliZing a clamp, and more preferably using a clamp 
that is in the shape of the cartilaginous structure to be 
replaced. The clamp can be utiliZed as an outline for cutting 
the shape of the graft construct or the clamp itself is used as 
a die in a press. 

[0034] In accordance With one embodiment the submu 
cosa layers are secured by drying the layers While compress 
ing the intestinal submucosa. In addition, a vacuum can be 
applied to overlapped layers of tissue during the drying 
process. Furthermore, heat can be applied to the tissue graft 
during the compression of the intestinal submucosa to speed 
the drying process. 

[0035] The tissue graft constructs of the present invention 
are utiliZed to replace or repair cartilaginous structures of 
vertebrate species. The tissue graft construct comprise a 
plurality of layers of intestinal submucosa superimposed and 
secured together to form a multi-layered construct. A suffi 
cient number of submucosal layers are overlaid to form a 
multi-layered construct having a thickness of about 1 to 
about 12 millimeters. Typically about 10 to about 300 layers 
are used, depending on the thickness of the individual layers. 
The multi-layered construct is then cut and sculptured to 
form the desired three dimensional anatomical shape of the 
cartilagineous structure to be replaced or repaired. In accor 
dance With one embodiment the multi-layered construct is 
formed to have a thickness of about 4 to about 8 millimeters 
and is cut and sculptured in the shape of a meniscus. In 
another embodiment the multi-layered construct is formed to 
have a thickness of about 1 to about 4 millimeters and is cut 
and sculptured in the shape of the articular cartilage of a 
joint. In another embodiment the multi-layered construct is 
formed to have a thickness of about 5 to about 12 millime 
ters and is cut and sculptured in the shape of an interverte 
bral disc. 

[0036] In accordance With one embodiment the multi 
layered construct can be rapidly formed as a solid graft 
construct by Wrapping a continuous piece of intestinal 
submucosa about a pair of spaced mandrels, securing the 
layers together, and cutting the secured layers into the 
desired anatomical shape. This method speeds the prepara 
tion of the tissue constructs by eliminating the steps of 
cutting the submucosa tissue into sheets of tissue. In one 
preferred method, the tissue graft constructs are formed by 
Wrapping a continuous piece of intestinal submucosa about 
a pair of spaced mandrels, Wherein the intestinal submucosa 
is in the form of a tube having a concave and a conveX lateral 
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edge, and the mandrels are positioned to diverge at an acute 
angle from an apeX. In this embodiment the submucosa 
tissue tube is Wrapped onto the mandrels With the concave 
edge closer to the apeX than the conveX edge. 

[0037] The method of forming a reconstructive structure 
for cartilaginous elements Will be described speci?cally for 
a meniscus shaped cartilaginous element as an eXample. 
Speci?cally as discussed With respect to FIG. 6, it Will be 
the meniscus in the knee joint. 

[0038] As illustrated in FIG. 1, a length of SIS 10 is 
Wrapped around a mandril 20 having legs 22 and 24 con 
nected at bight 26 and diverging therefrom. The SIS 10 
includes tWo lateral edges 12 and 14 of different lengths. 
This is a natural condition of the material and may be 
considered a concave shorter or mesenteric edge 12 and a 
conveX longer or anti-mesenteric edge 14. The diverging 
angle of the legs 22 and 24 of the mandril is selected to 
compensate for the various lengths of the edges 12 and 14 
and to produce ?at or planar layers. Without the mandril 20, 
the superimposed layers Would have a tendency to buckle or 
the SIS Would have to be stretched and thereby producing 
uneven tension on the surface. Once the number of layers 
required to duplicate the cartilaginous element to be 
replaced have been Wrapped on the mandrel 20, the layers 
are compressed or clamped together for securing. 

[0039] Tool 30, illustrated in FIG. 2, includes a pair of 
arms 32 pivotally connected together and terminating in 
templates or clamping heads 34. The clamping heads 34 
have an exterior shape of the cartilaginous element to be 
reconstructed. The arms 32 of the clamp 30 may include 
interlocking projections 38 as in other surgical or medical 
clamps. As previously discussed, this is a meniscus shape. 
Each head 34 includes a slot 36 Which is a guide for suturing 
the layers together. 
[0040] As illustrated in FIG. 3, the clamp 30 is applied to 
the plurality of the layers of SIS 10 While on the mandrel 20. 
One method of securing includes using a needle 40 and 
suture 42 to suture through the slot 36 in the template 34. 
Alternative methods of securing the layers together is quilt 
ing, crimping, drying and drying under a vacuum. All of 
these are performed While compressing the layers using the 
clamp 30 or other shape or style of compression plates or 
devices or hydraulic pressure. 

[0041] The secured layers are then shaped by cutting With 
a knife 46 as illustrated in FIG. 4. Preferably, the clamping 
heads 34 form a template for the cutting as illustrated in 
FIG. 4. The complete meniscus shape may be cut using the 
heads 34 as a template or only one side thereof With the 
remainder being cut freehand as illustrated in FIG. 5. 
Alternatively, the clamp heads 34 may have a peripheral 
projection and used as a die in a press to cut the layers to the 
desired shape. 

[0042] Also, since meniscus and other shapes do not have 
uniform cross-sections, the sculpturing of the resulting 
structure 16 may be performed using the knife 46. Sculp 
turing is intended to include the original cutting as Well as 
cross-sectional shaping. Thus, a ?at planar construct illus 
trated in FIG. 5 may be provided by the surgeon, Who then 
sculptures it to replicate substantially the eXact shape of the 
meniscus required for the appropriate patient. 

[0043] As an alternative method of forming a plurality of 
superimposed planar layers of SIS, the SIS 10 may be cut 
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along its length and then cut into an appropriate size sheets. 
As illustrated in FIG. 11, the SIS 10 may be cut along its 
concave or shorter edge 12 such that the convex or longer 
edge 14 is in the center of the strip. This particular selection 
of cutting minimizes the variation in siZe and tension and 
increases the planarity. Depending upon the diameter of the 
SIS, it Will have a Width of approximately 1-2 inches 
(2.56-5.12 cm.). The SIS Will then cut into sheets or seg 
ments 18, for example, 2-3 inches (5.12-7.68 cm.) long. 
Other methods to form the sheets may be used. 

[0044] To further remove or compensate for any variance 
in the individual sheets 18, the sheets may have varying 
angular orientation as they are stacked, as illustrated in FIG. 
11. 

[0045] As an alternative to the securement of suturing of 
FIG. 5, the plurality of superimposed layers of SIS may be 
compressed betWeen a pair of compressor plates 33 in a 
heating chamber 35 as illustrated in FIG. 12. This dries the 
compressed structure 16 and secures the plurality of layers 
of SIS together. The chamber 35 may be a pressuriZed 
chamber and may either increase the pressure above atmo 
sphere or form a vacuum. Aconstruct 16 has been formed by 
applying tWenty pounds of pressure by the pressure plates 33 
and heating at 40° C. for betWeen 48-72 hours. Additional 
experiments have been conducted Wherein the construct 16 
is dried in a vacuum at ambient temperature, from 72 to 96 
hours. The temperature may vary from ambien to 50° C. The 
pressure from a vacuum to 40 psi and time may vary to 
produce desired construct 16. The parameters are selected to 
prevent delamination of the plurality of layers 18 of the 
construct 16 While producing the desired density of the 
ultimate product. The number of layers may vary betWeen 
50, for example, to about 200 layers, depending upon the 
thickness of the individual layers, so as to produce an 
ultimate construct 16 having a thickness, for example, of 4-8 
millimeters. 

[0046] As a further alternative, the plurality of layers of 
SIS may be secured by quilting as illustrated by the quilting 
pattern 43 in FIG. 13. The quilting may be produced either 
before, during or after drying or pressing. If performed 
during pressing using pressing plates, an appropriate open 
ing must be provided in the pressing plate 33. Other methods 
of securing may be used. It is preferred that the securement 
be performed While the plurality of superimposed layers of 
SIS are being compressed. 

[0047] As an example, the thickness of the meniscus in the 
knee joint may vary betWeen four to eight millimeters in an 
individual, for example. Thus, a replacement reconstructive 
structure Would include betWeen 50 to 200 layers or more, 
depending upon the method of forming the structure 16. The 
reconstructive structure 16 of FIG. 5 is a solid multi-layer 
reconstructive structure having the anatomical shape of the 
cartilaginous element to be reconstructed. By providing the 
general shape of the uniform layers of SIS, sculpturing for 
the individual application may be achieved. Securing With 
suture 44 along the larger exterior radius of the structure 16 
permits the securing of the elements of the uni?ed structure 
and sculpturing along the other edges depending upon the 
structure of the bones to Which the cartilaginous element is 
to be inserted. 

[0048] The method of reconstructing a cartilaginous ele 
ment in situ Will be described in FIG. 6 With reference to a 
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meniscus at the knee joint. Although the femur 50 is shoWn 
separated from the tibia 52 for sake of clearer illustration of 
the invention, the method includes minimum invasive sur 
gery Without the separation of the femur 50 and the tibia 52. 
The lateral and medial condyle of the femur 50 and the 
lateral and medial facet of the tibia include articular surfaces 
51 and 52 respectfully of cartilaginous material. The carti 
laginous material 51 and 53 are separated by medial menis 
cus 54 and lateral meniscus 55 Which are secured by 
ligaments to the femur 50 and tibia 52. Aportion of securing 
ligaments 56 and 57 for the meniscus 54 and 55 are shoWn. 

[0049] At least the portion, if not substantially all, of a 
damaged cartilaginous element or meniscus 54 is removed. 
Preferably, a seed portion remains. If a small crescent shape 
is not damaged and remains, it Will provide an attachment 
section for the reconstructive element 16 as Well as a seed 
for the groWth of the replacement cartilaginous element. 
Also, by leaving a crescent shape portion, the ligaments then 
can be used to hold the remainder of the meniscus to the 
bone. The replacement cartilaginous element 16 has been 
attached by suturing, using needle 47 and suture 48 to the 
remaining portion as illustrated for the lateral meniscus 55. 

[0050] If the cartilaginous element or meniscus 54 is not 
damaged beyond repair, but only torn, small portions of the 
damaged cartilaginous element can be removed and replace 
ment cartilaginous element 16 attached thereto. Alterna 
tively, a replacement cartilaginous element 16 is sculptured 
to represent the damaged layers and attached directly to the 
in situ cartilaginous element or meniscus 54. This Will 
strengthen the torn element Without removing it. As dis 
cussed above, appropriate sculpturing is performed. 

[0051] As previously discussed, the surgery is performed 
by minimal invasion from the side of the joint. Well knoWn 
methods of cutting and suturing may be performed. If the 
meniscus 54 and 55 is so damaged such that a continuous 
crescent shape is not available for attaching, the reconstruc 
tive structure 16 may be attached to the tendon 56, 57 by any 
remaining seed section. The seed portion of the meniscus 54, 
55 in combination With the synovial ?uids support the 
groWth of cartilaginous material using the SIS as a matrix or 
substrate. 

[0052] The reconstructive structure of the present inven 
tion can also be used to repair, in situ, the articulation 
cartilage 51 and 52 on the surface of the femur 50 or tibia 
52. The reconstructive structure induces the production of 
hyaline cartilage. The areas Where the method is used is the 
tibia plateau, the femoral condyle, the femoral head and 
acetabula, ankle joint, elboW joint, shoulder joint, ?nger 
joints. The desired thickness of the SIS structure 16 is 
provided and secured to the bone by suturing or tissue 
adhesive, for example, ?brin glue. The damaged cartilagi 
nous material is scraped doWn to a bloody surface of the 
bone to alloW the necessary seed site for the groWth of the 
cartilaginous material. Alternatively, a membrane or barrier 
may be inserted to cover the area of the bleeding bone, and 
the reconstructive element is affixed to that membrane or 
barrier. A barrier is used to separate the bleeding bone from 
the reconstructive element, for example, and may include 
ceramic or a resorbable membrane. The membrane is 
secured by tacking or any other method. If the cartilaginous 
material on the bone is not substantially damaged, the 
cartilage is abraded to create a uniform damaged area 
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Without taking it to the bleeding bone. The reconstructive 
element is then attached to the remaining cartilaginous 
material by suturing or using a tissue adhesive. 

[0053] The same process may be used to replace interver 
tebral disc. As illustrated in FIG. 7, the vertebral body 62 is 
separated by intervertebral disc 64 of cartilaginous material. 
Reconstruction of an intervertebral disc 64 can be accom 
plished according to the method described With respect to 
FIG. 6 by attaching the SIS shaped disc to a remaining 
undamaged disc portion. Alternatively, fusion may take 
place betWeen the adjacent vertebral body 62. The broken or 
split intervertebral disc 64 is removed doWn to a bleeding 
bone. The reconstructive structure of SIS formed by the 
method described to FIGS. 1-5 or 11-13 is inserted betWeen 
the vertebral body 62. The bloody bone becomes the seed 
site and the SIS reconstructive structure forms a matrix for 
forming a bony structure. This is an eXample of a ?brocar 
tilage structure. Other formations of the ?bro structure 
Would be the symphysis pubis mandibular joint and sterno 
clavicular joint. 

[0054] Other types of cartilage or elastic cartilage is used 
in reconstructive surgery to model facial features such as 
nose and ears. The reconstructive structure formed accord 
ing to the method of FIGS. 1-5 may be used for the substrate 
or reconstruction of elastic cartilage. 

[0055] As illustrated in FIG. 8, a cartilaginous meniscus 
70 and articular disc 72 in the Wrist may be restructured 
using the present method. Similarly, as illustrated in FIG. 9, 
the radiocarpal articulation 74 and the intercarpal articula 
tion 76 in the hand may also be reconstructed using the 
method of the present invention. 

[0056] As illustrated in FIG. 10, the articular cartilage 80 
on the humerus 82 rides on the cartilage 84 in the glenoid 
cavity of the scapula 86. Both the articular cartilage 82 and 
the cartilage of the glenoid cavity 84 may be replaced using 
the method of the present invention. 

[0057] Although the present invention has been described 
and illustrated in detail, it is to be clearly understood that the 
same is by Way of illustration and eXample only, and is not 
to be taken by Way of limitation. The spirit and scope of the 
present invention are to be limited only by the terms of the 
appended claims. 

1. A method of forming a tissue graft construct for 
replacement or repair of a cartilaginous structure, said 
method comprising: 

superimposing a plurality of layers of intestinal submu 
cosa and securing the layers together to form a multi 
layered construct having a thickness of about 1 to about 
12 millimeters; and 

cutting the secured layers to form the anatomical shape of 
the cartilagineous structure to be replaced or repaired. 

2. The method of claim 1, Wherein said tissue graft 
construct comprises about 50 to about 300 layers. 

3. The method of claim 1, Wherein said tissue graft 
construct comprises about 50 to about 200 layers. 

4. The method of claim 1, Wherein said layers of intestinal 
submucosa are compressed While the layers are secured. 

5. The method of claim 4, Wherein said layers are com 
pressed With a clamp. 
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6. The method of claim 5, Wherein said clamp includes a 
slot used as a suturing guide. 

7. The method of claim 5, Wherein a portion of said clamp 
is used as a cutting guide. 

8. The method of claim 1, Wherein said method includes 
cutting the secured layers to conform to an outline of the 
anatomical shape and sculpturing the resulting planar con 
struct to the desired shape in cross section. 

9. The method of claim 1, Wherein said multi-layered 
construct is cut in the shape of a meniscus. 

10. The method of claim 1, further comprising the step of 
cutting said intestinal submucosa into sheets, Wherein each 
sheet forms a layer of the tissue graft construct. 

11. The method of claim 5, Wherein said layers are cut 
using said clamp as a die in a press. 

12. The method of claim 1, Wherein said layers are 
secured by drying said layers While compressing the intes 
tinal submucosa. 

13. The method of claim 12, further comprising the step 
of applying heat during the compression of the intestinal 
submucosa. 

14. The method of claim 1, Wherein said layers are 
secured by drying said layers While applying a vacuum. 

15. The method of claim 1, Wherein said layers are 
secured by sutures. 

16. A method of forming a tissue graft construct for 
replacement or repair of cartilaginous tissues, said method 
comprising: 

Wrapping a continuous piece of intestinal submucosa 
about a pair of spaced mandrels to form a multi-layered 
construct; 

securing the layers together, and 

cutting the secured layers to form the anatomical shape of 
the cartilagineous structure to be replaced or repaired. 

17. The method of claim 16, Wherein said intestinal 
submucosa is in the form of a tube having a concave and a 
conveX lateral edge, the mandrels are positioned to diverge 
at an acute angle from an apeX, and the tube is Wrapped onto 
the mandrels With the concave edge closer to the apeX than 
the conveX edge. 

18. The method of claim 16, Wherein said graft construct 
comprises about 50 to about 200 layers of intestinal sub 
mucosa. 

19. The method of claim 16, Wherein said tissue graft 
construct comprises about 50 to about 300 layers. 

20. The method of claim 16, Wherein the mandrels are 
Wrapped With a sufficient number of layers to form a tissue 
graft construct having a thickness of about 1 to 12 millime 
ters. 

21. The method of claim 16, Wherein said layers are 
compressed While the layers are secured. 

22. The method of claim 21, Wherein said layers are 
compressed With a clamp. 

23. The method of claim 22, Wherein a portion of said 
clamp is used as a cutting guide. 

24. The method of claim 22, Wherein said layers are cut 
using said clamp as a die in a press. 

25. The method of claim 16, Wherein the step of securing 
the layers comprises drying said layers While compressing 
the layers. 

26. The method of claim 16, Wherein said layers are 
secured by sutures. 
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27. A method of forming a multi-layered tissue graft 
construct, said method comprising 

preparing planar sheets of submucosal tissue; 

superimposing a plurality of said sheets; 

securing the layers together to form a tissue graft con 
struct having a thickness of about 1 to about 12 
millimeters; and 

cutting the secured layers to form the anatomical shape of 
the cartilagineous structure to be repaired. 

28. The method of claim 27, Wherein said layers are 
secured to one another by sutures. 

29. The method of claim 27, Wherein said layers are 
secured to one another by drying said layers While com 
pressing the submucosal tissue. 

30. A tissue graft construct for the replacement or repair 
of a cartilaginous structure, said tissue graft construct com 
prising: 

a plurality of layers of intestinal submucosa superimposed 
and secured together to form a multi-layered construct 
having a thickness of about 1 to about 12 millimeters, 
said multi-layered construct being cut and sculptured to 
the desired three dimensional anatomical shape of the 
cartilagineous structure to be replaced or repaired. 

31. The tissue graft construct of claim 30, Wherein said 
tissue graft construct comprises about 50 to about 300 
layers. 

32. The tissue graft construct of claim 30, Wherein the 
tissue graft construct comprises about 50 to about 200 
layers. 

33. The tissue graft construct of claim 30, Wherein the 
layers are compressed While the layers are secured. 

34. The tissue graft construct of claim 30, Wherein said 
multi-layered construct has a thickness of about 4 to about 
8 millimeters and is cut and sculptured in the shape of a 
meniscus. 

35. The tissue graft construct of claim 30, Wherein said 
multi-layered construct has a thickness of about 1 to about 
4 millimeters and is cut and sculptured in the shape of the 
articular cartilage of a joint. 

36. The tissue graft construct of claim 30, Wherein said 
multi-layered construct has a thickness of about 5 to about 
12 millimeters and is cut and sculptured in the shape of an 
intervertebral disc. 

37. Amethod of reconstructing a cartilaginous element in 
situ comprising: 

removing a portion of a cartilaginous element, but leaving 
a seed portion; 

positioning a reconstructive structure adjacent said seed 
portion, said reconstructive structure comprising a plu 
rality of layers of intestinal submucosa tissue superim 
posed and secured together to form a multi-layered 
construct having a thickness of about 1 to about 12 
millimeters, Wherein the multi-layered construct is cut 
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to form the anatomical shape of the cartilagineous 
structure to be reconstructed; and 

securing said reconstructive structure to said seed portion. 
38. The method of claim 37 further comprising the step of 

sculpturing the reconstructive structure to the three dimen 
sional shape of the cartilaginous element being recon 
structed before securing the reconstructive structure to the 
seed portion. 

39. The method of claim 37, Wherein said cartilaginous 
element is hyaline cartilage. 

40. The method of claim 37, Wherein said cartilaginous 
element is elastic cartilage. 

41. The method of claim 37, Wherein said cartilaginous 
element is ?brocartilage. 

42. A method of reconstructing a joint having tWo bones 
separated by cartilaginous material, said method compris 
mg: 

removing any remaining portion of cartilaginous material 
doWn to a bleeding bone site; 

positioning an anatomically shaped reconstructive struc 
ture, comprising multiple layers of intestinal submu 
cosa and having a thickness of 1-12 millimeters, adja 
cent to said bleeding bone site; and 

securing said reconstructive structure to said bleeding 
bone site. 

43. The method of claim 42, Wherein said cartilaginous 
element is hyaline cartilage. 

44. The method of claim 42, Wherein said cartilaginous 
element is elastic cartilage. 

45. The method of claim 42, Wherein said cartilaginous 
element is ?brocartilage. 

46. The method of claim 42, including sculpturing said 
reconstructive structure to the shape of the cartilaginous 
structure being reconstructed. 

47. The method of claim 42 including positioning a 
barrier layer betWeen said bleeding bone site and said 
reconstructive structure, securing said barrier layer to said 
bone site and securing said reconstructive structure to said 
barrier layer. 

48. A method of reconstructing a joint having tWo bones 
separated by cartilaginous material comprising: 

removing any remaining portion of cartilaginous material 
to create a defect site Without creating a bleeding bone 

site; 
positioning an anatomically shaped reconstructive struc 

ture, comprising multiple layers of intestinal submu 
cosa and having a thickness of 1-12 millimeters, adja 
cent to said bleeding bone site; and 

securing said reconstructive structure to said bleeding 
bone site. 


