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The use of an occlusive or semi—occlusive membrane is described for promotion of bone growth in orthopaedic surgery, wherein a
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USE OF OSSEO-PROMOTIVE MEMBRANES IN ORTHOPAEDICS

This invention relates to the use of osseo-promotive membranes in
regeneration of bone where the bone has been injured by disease, accident or surgery.

In our PCT application WO 95/10990, the use of a microporous membrane is
described for sealing the junction between an implanted hip prosthesis and the bone to
exclude wear particles generated by articulation of the prosthesis.  Further research
has shown that the sealing of bone injuries using occlusive or semi-occlusive
membranes so as to exclude soft tissue cells promotes the ingrowth of the bone in the
region of the injury.

According to one aspect the present invention provides for use of an occlusive
or semi-occlusive membrane in the manufacture of a device for the promotion of bone
ingrowth in orthopaedic surgery, wherein a bone injury is sealed by closing said injury
with a membrane which is subStantially inert to body fluids and is adapted to prevent
ingrowth of fibrous tissues into said injury.

Preferably, the membrane is a polymer of a fluorinated monomer and may be
totally non-poréus to body fluids or may be semi-permeable. Where the membrane is
semi-permeable, the pore sizes should not exceed 250 microns and, preferably, should
not exceed 200 microns. A suitable range of pore sizes is from 0.5 micron to 200
microns.

The membrane should be bio-compatible and essentially inert to body fluids.
Preferred materials are fluorinated olefins, especially perfluorinated olefins, e.g.

perfluorinated ethylene and propylene. Polytetrafluoroethylene is currently preferred.
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Where the membrane is semi-permeable, an expanded polytetrafluoroethylene is
preferred.

Methods of producing such a membrane are known and described, for
example, in US Patents Nos. 3,953,566 and 4,187,390. An example of one
commercially available and suitable product is the micro-porous PTFE material
manufactured by W. L. Gore Associates Ltd., under the trade mark “Gortex e-PTFE”.

In one embodiment of the invention the membrane is a laminate of at least two
layers of material.  One of the layers may have a pore size which is large enough to
be penetrated by soft, fibrous tissue cells, e.g. at a size greater than 250 microns. An
adjacent layer may be totally occlusive or have much smaller pore openings so that
fibrous soft tissue cells cannot penetrate the second layer. Typically, the membrane,
whether a single sheet or a laminate, may be up to about 1 to 1.5 mm thick, preferably
from about 300 to 1000 microns thick. In use, the occlusive or semi-occlusive layer
having small particle sizes is positioned adjacent the bone injury so that soft fibrous
cells cannot penetrate into the space created and sealed off by the membrane.
Preferably, the laminate comprises at least three layers, the layer adjacent the bone
injury is occlusive or contains only pore openings having an average size less than 250
microns, preferably less than 200 microns. A three-layer laminate in which the control
layer has the smaller pore size is preferred, since it is symmetrical and can be used
reversibly.  Similarly, multi-layer laminates in which the outer layers are of the same
or similar larger pore sizes are also advantageous. In two layer or multi-layer

membranes, the layers are preferably welded together.
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While the membranes can be sutured to bone or tissue to seal off the injured
site, the inventors have discovered that one effective procedure is to adhesively bond
the edges of the membrane around the perimeter of the injury. Suitable adhesives
include medical grade cyanoacrylate polymers (commonly known as super glues), and
the adhesive material sold under the trade mark “Histoacryl blue” by B. Braun
Melsungen A.G. is currently preferred.

Another method of sealing the ends of the membrane is to pass a ligature, such
as a loop of metal wire, around the bone and to tighten the loop around the base.
Alternative methods of fixing the membrane to the bone include staples or pins. Of
course, a combination of these fixing methods may be employed.

It has been found to be advantageous in use to employ a semi-occlusive
membrane or one which has a layer partially or wholly penetrable by fibrous, soft
tissue cells since the ingrowth of soft tissue cells into a membrane, but not through it,
helps to stabilise the seal and hold the seal in place after the suturing or adhesive bond
has aged.

Examplés of the use of the occlusive or semi-occlusive membranes of the
invention will now be described with reference to the accompanying drawings, in
which:-

Figure 1A shows a section through a hip prosthesis inserted in a femur;

Figure 1B shows a similar view with a membrane fitted over and sealing the
gap between the prosthesis and the hole formed to receive the bone;

Figure 2A shows a bone which has suffered a severe fracture;
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Figure 2B depicts the invasion of soft tissue into the fracture hindering bone
regeneration;

Figure 2C illustrates bone formation promoted by fitting of a membrane around
the injury;

Figure 3A illustrates bone defect caused by surgery to remove a tumour in
which a prosthesis has been fitted to replace the bone which has been removed;

Figure 3B illustrates the use of a membrane to promote bone growth.

Figure 4A illustrates the situation where an intramedullary rod has been
inserted into a bone;

Figure 4B illustrates the use of a membrane to prevent fibrous tissue ingrowth.

Referring to Figures 1A and 1B, these Figures illustrate the situation in which a
hip replacement prosthesis has been inserted into a femur (2) leaving a junction (3)
between the edge of the hole cut in the head of the femur and the prosthesis. It has
been found that especially where the prosthesis does not fit snugly into the canal cut in
the femur or where bone cement is used, this can sometimes shrink away from the
prosthesis or the hole cut in the bone, thus enabling fibrous tissue cells to enter the
interior of the bone. In time, this will generate an ingrowth of soft tissue within the
spaces between the bone and the prosthesis which is indicated at (4), which prevents
generation of bone in these areas. By fitting an occlusive or semi-occlusive membrane
of the kind described above to seal completely any existing or possibly future gaps
forming between the prosthesis and the bone (indicated at (5) in Figure 1B), the
intrusion of fibrous tissue in the space between the prosthesis and the bone is

prevented. This will promote in time the slower rate of ingrowth of bone in the areas
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indicated at (6) in Figure 1B, and this will maintain the stability of the prosthesis and,
in time, the bone ingrowth may further lock the prosthesis into place.

The membranes used in accordance with the present invention may be
resorbable over time but this is not essential and the polyfluorinated membranes
described above are generally not resorbable.  This is not a disadvantage since these
materials have long term bio-compatibility. The presence of the membrane
overlaying the fracture area creates a beneficial environment beneath the membrane for
bone formation. This results in a lower incidence of delayed union or non-union of
the bone with the surface of the prosthesis. The edges of the membrane are preferably
bonded to the bone and to the prosthesis, e.g. by means of an adhesive, preferably a
cyanoacrylate adhesive.

Referring to Figures 2A to 2C, this illustrates the use of the membrane to
promote the growth of bone to repair a fracture. In the case of severe and compound
fractures where the bone has been broken into small segments or splintered,
regenerative bone ingrowth is slow and it may be necessary to insert one or more
surgical pins, nails or rods, to hold the fragments of bone together. Even with such
devices, after the surgical repair there are a number of gaps or openings into the
interior of the bone into which soft tissue cells can penetrate. Where such tissue does
enter the bone, it can prevent or substantially reduce the rate at which bone ingrowth
will occur to form a long term healing of the fracture.

In accordance with this invention, this process is promoted and speeded up by
creating an enclosed fracture site (10) after fixing the fragments in place using an

occlusive or semi-occlusive membrane (11). The membrane (11) may be sealed to
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its self and to the upper and lower portions of the bone to prevent ingress of fibrous
tissue material into the fracture site. By preventing the competitive growth of fibrous
tissue within the injured bone by sealing the cavity with the resorbable or non-
resorbable membrane, bone formation will be promoted. In addition, the membrane
will confine growth factors present in the bone and other bone-inducible agents or
materials such as an altograft or autograft to the defect site and in the vicinity of the
healing bone. For large implants or complex nailing and pinning, one of the
advantages will be that increased bone growth will result in a decrease in the loosening
of the implant or fixing device.

Figures 3A and 3B illustrate the application of the invention to surgical
treatment of bone tumour. Referring to Figure 3A, a bone (20) has been cut away to
remove the tumour and a replacement implant (21) fitted into the healthy bone. In this
embodiment, the implant (21) having a fixing stem (21a) may be fitted into the healthy
bone using a bone cement (22), and the implant may be provided with a surface
treatment of hydroxy-apatite, especially to the stem, to promote bonding of the bone
to the surface of the implant. A blood clot may form or be artificially induced at the
junction (23) between the implant and the bone and this area is sealed as shown in
Figure 3B by wrapping the area with a membrane (24). The membrane (24) is fixed
as by gluing to the implant and to the bone to create a space (25) within which bone
growth is promoted to bond the healthy bone to the implant. Alternatively, the
membrane may be sealed around the bone by positioning wires (101) & (102) around
the ends of the membrane and tensioning the wires to form seals between the

membrane and the bone or implant.
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Figures 4A and 4B illustrate a similar use of the membranes in accordance with
the invention in which an intramedullary rod having an hydroxy apatite coated collar
(31) having a fixing stem (31a) is introduced into a damaged bone (30) using a bone
cement (32). Again, a blood clot material (33) is formed or induced around the
junction between the intramedullary rod and the bone and this area is wrapped with a

membrane (34) in accordance with the invention.
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8
CLAIMS:-
1. Use of an occlusive or semi-occlusive membrane in the manufacture of

a device for promotion of bone growth in orthopaedic surgery, wherein a bone injury
is sealed by closing said injury with a membrane which is substantially inert to body

fluids and is adapted to prevent ingrowth of fibrous tissue into said injury.

2. Use according to claim 1 in which the membrane is a polymer of a
fluorinated monomer.
3. Use according to claim 1 or 2 wherein the membrane is a semi-

permeable membrane having average pore sizes of not more than 250 microns.

4. Use according to claim 3 wherein the average pore size is between
about 0.5 micron and 200 microns.

5. Use according to any one of the preceding claims wherein the device

includes an adhesive layer for bonding edges of the membrane to tissue around the

bone injury.

6. Use according to claim 5 wherein the adhesive is a cyanoacrylate
adhesive.

7. Use according to any one of claims 1 to 4 in which the device includes

a ligature for holding the membrane in intimate contact with bone or an implant.

8. Use according to any one of the preceding claims in which the
membrane is a laminate of at least two layers comprising a first layer having openings
of a size which are adapted to be penetrated by fibrous soft tissue, and a second layer
which is non-porous or has pores which are too small to be penetrated by soft tissue,

the second layer being adapted to lie adjacent the bone injury.
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9. Use according to claim 8 wherein the laminate comprises at least three
layers, and wherein the first layer comprises an internal layer and the second layers lie
outside said first layer.

10.  Use according to any one of the preceding claims wherein the bone
injury is caused by a fracture or surgical removal of bone following diagnosis of a bone
tumour.

11.  Use according to any one of the preceding claims wherein the bone

injury is caused by surgical insertion of a prosthesis, nail or rod.
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