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(57) ABSTRACT

A method of promoting regeneration of surface cartilage of 
a joint includes the steps of forming punctures in a sub­
chondral plate of an area of the joint to be treated, covering 
the puncture and the area to be treated with a chondrocyte- 
free patch made of a sheet of collagen membrane material 
without adding chondrocytes to the area to be treated, fixing 
the patch over the area to be treated, and allowing the area 
to be treated to regenerate cartilage without adding chon­
drocytes to the area to be treated.

20 Claims, 4 Drawing Sheets
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METHOD FOR PROMOTING 
REGENERATION OF SURFACE CARTILAGE 

IN A DAMAGE JOINT

CROSS-REFERENCE TO RELATED 
APPLICATIONS

The present application is a continuation-in-part of U.S. 
Ser. No. 08/894,517, filed Nov. 10, 1997, which is a §371 of 
PCT/GB96/00399, filed Feb. 22, 1996, which claims prior­
ity from Great Britain Application No. 9503492.2, filed Feb. 
22, 1995.

BACKGROUND OF THE INVENTION

1. Field of the Invention
The present invention relates to the field of promoting 

regeneration of surface cartilage in damaged joints.
2. Description of the Background Art
In view of the large number of joint injuries, such as knee 

injuries, which take place yearly, a number of therapies have 
been developed in an effort to promote regeneration of 
damaged cartilage. Typical methods involve introduction of 
chondrocytes from an outside source into the damaged area 
to promote cartilage regeneration.

For example, in accordance with one method, a cartilage 
biopsy is surgically removed from the patient and sent to a 
laboratory, where the patient’s chondrocytes are isolated 
from the cartilage and the chondrocyte cells are reproduced 
in culture. Later, another surgery is performed on the patient 
wherein the damaged cartilage area to be treated is debrided 
back to expose healthy cartilage, leaving the subchondral 
bone plate intact. A periosteal patch is taken from the 
proximal medial tibia of the patient, and this periosteal patch 
is sutured to the rim of the healthy cartilage surrounding the 
area to be treated. The cultured chondrocytes reproduced 
from the cells previously taken from that patient then are 
injected under the patch into the defect, and the injury is 
allowed to heal.

U.S. Pat. No. 5,759,190 discloses another method, 
wherein a hemostatic barrier is placed proximal to the 
surface to be treated, chondrocytes in a matrix are placed 
upon the surface to be treated distal to the hemostatic barrier, 
and then the matrix is covered with a patch.

All of the above-described methods, in which the dam­
aged area to be treated is covered with a patch, require 
multiple surgical procedures on the patient, wherein chon­
drocytes are removed from the patient, sent to a laboratory 
for culturing, and then the cultured chondrocytes are 
returned for implantation in to the patient in another surgical 
procedure.

There remains a need in the art for improved methods of 
promoting regeneration of surface cartilage in damaged 
joints so as to reduce the number of surgical procedures 
performed on a patient and eliminate the need for implanting 
cultured chondrocytes in the patient.

SUMMARY OF THE INVENTION

In accordance with the present invention, a method of 
promoting regeneration of surface cartilage of a joint 
includes the steps of forming a plurality of punctures in a 
subchondral plate of an area of the joint to be treated, 
covering the punctures and the area to be treated with a 
chondrocyte-free patch made of a sheet of collagen mem­
brane material without adding chondrocytes to said area to 
be treated, fixing the patch over said area to be treated, and

2
allowing said area to be treated to regenerate cartilage 
without adding chondrocytes to said area to be treated.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view with portions broken away 
showing an injured area of surface cartilage of a bone joint 
end member, with subchondral plate puncturing in accor­
dance with the present invention.

FIG. 2 is a perspective view with portions broken away 
showing the bone joint of FIG. 1 following covering the 
injured area with a chondrocyte-free patch made of a sheet 
of collagen membrane material in accordance with the 
present invention.

FIG. 3 is a side elevation schematic view showing a 
single-layered membrane for use in accordance with the 
present invention.

FIG. 4 is a side elevation schematic view showing a 
double-layer membrane for use in accordance with the 
present invention.

FIG. 5 is a side elevation schematic view showing a 
triple-layer membrane for use in accordance with the present 
invention.

FIG. 6 is a perspective view of the bone joint end member 
with portions broken away, showing subchondral puncturing 
and a bone mineral implant in accordance with another 
embodiment of the present invention.

DETAILED DESCRIPTION OF THE 
INVENTION

The present invention provides a method for repairing 
injuries and damage to surface cartilage in joints such as 
knees. In accordance with one embodiment, cartilage defects 
are removed from the injured area to be treated, for example, 
by scraping of calcified cartilage from the injured area.

After scraping of the calcified cartilage, a plurality of 
punctures are formed in the subchondral plate of the area of 
injury utilizing a microfracture technique. FIG. 1 shows a 
bone 10 with cartilage 12 showing an area of injury 14 to be 
treated, wherein calcified cartilage has been scraped from 
the area to be treated. A plurality of punctures 16 have been 
formed in the subchondral plate 18 of the area of injury.

The punctures 16 in the subchondral plate can be formed, 
for example, with a straight pointed end of a microsurgical 
pick to a depth of, e.g., about 0.5-5 mm, more preferably 
about 1.5-2 mm. The punctures 16 may have a width of, for 
example, about 0.2-1.5 mm, more preferably about 0.5-1 
mm, and most preferably about 0.8 mm.

Although the invention has been described with respect to 
utilization of the above-described microfracture technique 
involving forming a plurality of punctures in the subchon­
dral plate, it is believed that the invention also is applicable 
to other methods of puncturing the subchondral plate, such 
as drilling, abrasion and the like.

After forming the punctures in the subchondral plate as 
described above, the punctures in the area to be treated are 
covered by a patch 20 comprised of a chondrocyte-free sheet 
of collagen membrane material without adding any cultured 
chondrocytes to the area to be treated.

The patch then is fixed over the area to be treated, for 
example, by sutures 22 as shown in FIG. 2. Alternatively, the 
patch may be fixed over the area to be treated by adhesively 
bonding the patch to the cartilage surrounding the area to be 
treated, for example, utilizing an organic glue as is known in 
the art, or any other suitable method.
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The patched area then is allowed to regenerate cartilage 
without adding cultured chondrocytes to the area to be 
treated at any time during the healing process.

In accordance with one embodiment, the sheet of collagen 
membrane material which is utilized for a patch is formed 
predominantly of collagen II. One suitable collagen II mate­
rial suitable for use in accordance with the present invention 
is described in U.S. Ser. No. 08/894,517, filed Nov. 10, 
1997, incorporated herein by reference.

In accordance with another embodiment, the collagen 
membrane material is comprised of at least one barrier layer 
having at least one smooth face 116 so as to inhibit cell 
adhesion thereon and act as a barrier to prevent passage of 
cells therethrough. See FIG. 3. In accordance with this 
embodiment, the barrier layer further has a fibrous face 118 
opposite the smooth face 116, the fibrous face allowing cell 
growth thereon. The smooth face 116 preferably is oriented 
away from the area to be treated, and the fibrous face 118 
preferably is oriented toward the area to be treated. In 
preferred embodiments, the barrier layer is predominantly 
collagen I, collagen III or a mixture thereof. One suitable 
material is Biogide®, from Ed. Geistlich Sohne AG fur 
Chemische Industrie, the assignee of the present invention. 
The Biogide® material is described in U.S. Pat. No. 5,837, 
278, incorporated herein by reference.

FIG. 4 shows still another type of membrane which may 
be used in accordance with the present invention. This 
membrane includes a barrier layer 115 as shown in FIG. 3, 
and further includes a matrix layer 120 predominantly of 
collagen II having an open sponge-like texture. A collagen 
membrane as shown in FIG. 4 is described in PCT applica­
tion no. PCT/GB98/02976, and U.S. Ser. No. 09/545,465, 
filed Apr. 7, 2000, claiming priority from U.K. patent 
application no. 9721585.9, filed Oct. 10,1997, incorporated 
herein by reference.

In yet another embodiment, a collagen membrane mate­
rial as shown in FIG. 4 is utilized, wherein the barrier layer 
115, the matrix layer 120, or both are impregnated with a 
glycosaminoglycan. Examples of suitable glycosaminogly- 
cans include hyaluronic acid, chondroitin 6-sulphate, keratin 
sulphate or dermatan sulphate.

FIG. 5 shows still another type of membrane suitable for 
use in accordance with the present invention. The membrane 
of FIG. 5 includes two barrier layers 115, between which is 
sandwiched a resorbable polymer layer. In preferred 
embodiments, the polymer is a polylactic acid polymer.

In accordance with another embodiment, involving more 
substantial injuries which include injuries to the underlying 
bone as well as to the surrounding surface cartilage of a 
joint, an implant material 24 such as resorbable bone mineral 
may be implanted into the bone injury within the area to be 
treated. See FIG. 6. Punctures 16 may be made in the 
subchondral plate area 18 to be treated, and thereafter, a 
collagen membrane patch can be fixed over the area to be 
treated as shown in FIG. 2.

One suitable implant material is Bio-Oss® from Ed. 
Geistlich Sohne AG Fur Chemische Industrie, the assignee 
of the present invention. Bio-Oss® is described in U.S. Pat. 
Nos. 5,167,961 and 5,417,975, incorporated herein by ref­
erence. Another suitable implant material is Bio-Oss Col­
lagen® from Ed. Geistlich Sohne AG Fur Chemische 
Industrie, which is resorbable bone mineral in a collagen 
matrix. Bio-Oss Collagen® is described in U.S. Pat. No. 
5,573,771, incorporated herein by reference.

Since many modifications, variations and changes in 
detail may be made to the described embodiments, it is 
intended that all matter in the foregoing description and 
shown in the accompanying drawings be interpreted as 
illustrative and not in a limiting sense.

What is claimed is:
1. A method of promoting regeneration of surface carti­

lage of a joint, comprising:
forming a plurality of punctures in a subchondral plate of 

an area of said joint to be treated;
covering the area to be treated, including the plurality of 

said punctures, with a chondrocyte-free patch com­
prised of a sheet of collagen membrane material with­
out adding chondrocytes to said area to be treated;

fixing the patch over said area; and
allowing said area to regenerate cartilage without adding 

chondrocytes to said area.
2. The method of claim 1 further including the step of 

removing cartilage defects from said area to be treated, prior 
to forming said punctures.

3. The method of claim 2 wherein the step of removing 
said cartilage defects comprises scraping of calcified carti­
lage from said area to be treated.

4. The method of claim 1 wherein said punctures are 
formed to a depth of about 0.5-5 mm.

5. The method of claim 4 wherein said punctures have a 
width of about 0.2-1.5 mm.

6. The method of claim 5 wherein said punctures are 
formed to a depth of about 1.5-2 mm.

7. The method of claim 6 wherein said punctures have a 
width of about 0.5-1 mm.

8. The method of claim 7 wherein said punctures have a 
width of about 0.8 mm.

9. The method of claim 1 wherein said collagen mem­
brane material is predominantly collagen II.

10. The method of claim 1 wherein said collagen mem­
brane material is comprised of at least one barrier layer 
having at least one smooth face so as to inhibit cell adhesion 
thereon and act as a barrier to prevent passage of cells 
therethrough.

11. The method of claim 10 wherein said barrier layer 
further has a fibrous face opposite said smooth face, said 
fibrous face allowing cell growth thereon.

12. The method of claim 11 wherein said barrier layer is 
predominantly collagen I, collagen III or a mixture thereof.

13. The method of claim 10 wherein said collagen mem­
brane further comprises a matrix layer predominantly of 
collagen II having an open sponge-like texture.

14. The method of claim 13 wherein said barrier layer, 
said matrix layer or both, are impregnated with glycosami­
noglycan.

15. The method of claim 14 wherein the glycosaminogly­
can is hyaluronic acid, chondroitin 6-sulphate, keratin sul­
phate or dermatan sulphate.

16. The method of claim 11 wherein said membrane 
material further comprises a second barrier layer, with a 
resorbable polymer layer sandwiched between the barrier 
layers.

17. The method of claim 16 wherein said polymer is a 
polylactic acid polymer.

18. The method of claim 1 wherein the patch is fixed over 
the area to be treated by adhesively bonding the patch to 
cartilage surrounding said area to be treated.

19. The method of claim 1 wherein the patch is fixed over 
the area to be treated by suturing the patch to cartilage 
surrounding said area to be treated.

20. The method of claim 1 further comprising implanting 
a chondrocyte-free resorbable bone mineral implant material 
into a region of bone injury in the area to be treated, prior 
to fixing said patch over said area to be treated.
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