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WO 95/01810 ' PCT/GB94/01455

IMPLANTABLE PROSTHESES, KIT AND DEVICE FOR MANUFACTURING THE SAME

The present invention relates to methods suitable for replacing
or repairing broken or damaged connective tissue such as ligaments
5 ortendons and to prostheses for use in such methods. Also
disclosed is a device for use in forming such prostheses, as well as
kits from which the prostheses can be formed.

it is known from United States Patent No. US5078744 to repair
10  damaged ligaments such as the anterior cruciate ligament (ACL) by
replacing part of the damaged ligament by a prosthetic ligament
comprising purified connective animal tendon or ligament tissue
fibres which are cross-linked and formed into groups of aligned
fibres.
15
The most common method of repair or reconstruction of the
ACL is to implant a prosthetic graft comprising autogenous tissues.
Thus it is common surgical practice to harvest autogenous tissue
eg. patellar tendon from the host and to form a prosthesis for
20 implantation.

A number of synthetic non-biorescrbable materials have been
used in the manufacture of prosthetic ligaments, the materials being
chosen for their affinity for supporting or encouraging the ingrowth

25 of fibroblasts, after implantation of the prosthesis.

According to the present invention there is provided an
implantabte prosthesis which, in a form prior to implantation in a
host, comprises a biocompatible, synthetic, substantially

30 Dbioresorbable matrix material seeded with fibroblasts.

By "synthetic”, is merely meant a material which is not used
naturally by the mammalian body in connective tissue repair or
which is not a chemically modified form of such a-material. Thus this

35 term excludes coilagen and artificially cross-linked collagen
matrixes {although, if desired, collagen can be used in addition to
the synthetic material).

SUBSTITUTE SHEET (RULE 26)
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The term "fibroblast" includes celis which are sometimes
referred to as fibroblast, fibrocyte, tenocyte or synovioctye cells.
This term also covers precursor cells to any of these cells.

By "substantially bioresorbable matrix material” is meant a
three dimensional structure for supporting fibroblasts (which may be
in the form of a scaffold, mesh or solid structure, for example) and
which, in the implanted prosthesis, degrades substantially over time
in @ mammalian body, due to the chemical/biological action of body
components (as opposed to simply breaking due to physical strain
on to the prosthesis). Desirably after the prosthesis has been
implanted in an adult human for five years (more preferably after
only one year's implantation) the bioresorbable material will have
degraded to such an extent so that it makes no substantial
contribution to the structural integrity of the prosthesis.

Preferabiy the matrix may additionally comprise one or more of
the following molecules: proteogiycans, glycosaminoglycans,
fibronectin or its active binding domain, or one or more growth
factors e.g. bone morphogenetic protein (BMP) fibroblast growth
factor, angiogensis factor or other stimulatory factors.

In a further embodiment of the invention, the prosthesis or part
thereof (e.g. area(s) of the prosthesis which will come into contact
with bone after implantation), may be impregnated with
osteoinductive or osteoconductive agents, to enable more easy
infiltration by bone cells. Examples of suitable osteoinductive
materials susceptible to infiltration include hydroxyapatite, freeze-
dried or demineralised bone, growth factors (e.g. bone
morphogenetic protein) etc. Impregnation may suitably be just
before implantation of the prosthesis. Aptly such materials are
incorporated into ends of the prosthesis.

In a further embodiment of the present invention, there is
provided a method of repairing or replacing damaged connective
tissue in a human or non-human animai comprising the steps of:
incubating a biocompatible, synthetic, substantially bioresorbable
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matrix material in the presence of a suitable culture medium and of
fibroblasts under suitable conditions for fibroblast seeding on or in
the matrix and thereafter implanting the seeded matrix into a host.

Examples of suitable substantially bioresorbable synthetic
polymers inciude polylactide (PLA), polyglycolide (PGA),
polydioxanone, poly caprolactone (PCL), polyhydroxybutyrate (ICI
BIOPOL™), polyhydroxybutyrate-co-hydroxyvalerate {ICI
BIOPOL ™), polyanhydrides, polyorthoesters, polyorthocarbonates,
polyaminocarbonates, polytrimethylene carbonate and co-polymers
incorporating monomers from which the aforesaid polymers can be
formed.

When the prosthesis according to the present invention
comprises a copolymer, the copolymer may incorporate
hydroxyvalerate and hydroxybutyrate monomers. In such
copolymers the amount of hydroxyvalerate present may be from 1 to
47% mol. Other particularly suitable copolymers are PLA/PGA and
PLA/PCL copolymers.

Composites of a plurality the above substantially bioresorbable
materials may also be suitable as or as part of the matrix material.

The matrix be fabricated of two or more distinct materials (e.q.
distinct fibre types) with different degradation rates, providing a two
or more phase loss of mechanical properties with time. Also, the
different fibre types may possess different mechanical properties.
For exampie, highly extendable fibres may be combined with less
extendable fibres. The matrix may be designed to eiongate to a
specified extent before the less extendable fibres prevent further
extension. This design may be advantageous in exposing the cells
to limited and controlled strain while protecting against damage to
the forming tissue. For example, polycaprolactone fibres have a
lower Young's modulus than polylactide fibres.

Furthermore, one polymer may be coated with another
polymer. This is advantageous where the material of choice on the
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basis of mechanical properties is not necessarily the material of
choice for cell culture (unless it is medified). Here a more
biocompatible polymer may be used to coat a less biccompatible
base material. For example, polyiactide provides a better substrate
for fibroblast proliferation than polycaprolactone. Polycaprolactone
fibres could be coated with polylactide to improve compatibility with
fibroblasts.

As indicated above, copolymeric materials may be used. This
can be advantageous where the copolymers possess degradation
rates intermediate between the rates of the homopolymers of which
they are composed. Therefore, the degradation rate may be
controlled by controlling the composition of the copolymer. Also,
production of copolymer fibres by fibre spinning or extrusion may
yield fibres with mechanical properties superior to those of
homopolymers. Polylactide-Polyglycolide copolymers are good
examples of both of these points.

Suitable fibroblasts for use in seeding the matrix may be
autogenic fibroblasts, allogenic fibroblasts or xenogenic fibroblasts.
Preferably, the fibroblasts are autogenic. The fibroblasts may
originate from for example the dermis, tendons or ligaments. The
fibrablasts for use in seeding the matrix may comprise a mixture of
one or more of the above types of fibroblasts. Where the fibroblasts
are autogenic, it is preferable to isolate them from the dermis, as
this avoids the need for extensive invasive surgery.

The fibroblasts may be obtained according to any suitable
method. A preferred method is by carrying out a skin biopsy.

_ The matrix material may be seeded with fibroblasts by placing
the matrix in a culture vessel containing an appropriate culture
medium (e.g9. DMEM), in the presence of fibroblasts and incubating
under cell culture conditions. The fibroblasts may be suspended in
the culture medium and the resultant suspension added to the
culture vessel either before or after addition of the matrix. The
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number of fibroblasts/mi of medium may be varied according to the
degree of seeding it is desired to estabilish.

The prosthesis of the present invention may be used to either
partially or totally replace a damaged ligament, tendon, cornea,
dermis, dura (or other body part comprising connective tissue).
Where the damage is substantial, the damaged ligament or tendon
may be totally surgically replaced by the prosthesis. Where the
damage is less substantial the matrix may be designed so as to be
joined (e.g. by suturing) to the existing damaged ligament or tendon.

The matrix may be designed according to any one of a number
of possibilities. Aptly the matrix is a fibrous structure. it may have
loops or other structures at each end for aiding fixation to bone
(using for example either the “two tunnel” or the "over-the-top”
technique). it may be formed by any appropriate technique - e.g.
braiding, knitting, weaving, crocheting etc. The matrix is desirably in
elongate form and is preferably flexible.

The device may closely mimic the natural structure and fixation

- of the ligament or tendon. For example, for ACL reconstruction, the

device could be composed of a hierarchy of fibres bundled together
in fasicular units, passing directly from the femur to the tibia or
taking a spiral path around the axis of the device. Fixation may be to
the natural fixation areas of the ligament or tendon. Any appropriate
fixation means may be used (e.g. screws, nails, staples or sutines).
The fixation means may itself be biorésorbab!e, for example it may
be formed of polyhydroxybutyrate.

The present invention further provides a kit for forming the
prosthesis of the present invention comprising a synthetic
biocompatible matrix material and a source of fibroblasts.

On incubation under suitable conditions, the fibroblasts will

grow on and/or in the matrix, thus producing a matrix seeded with
fibroblasts.
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The kit may additionally comprise a suitable medium for the
proliferation of fibroblasts.

Ideally the kit is presented in a sterile package. Alternatively
the parts of the kit may be sterilised just before use. Prior to
implantation, the components of the kit can be incubated together
under appropriate culture conditions as above described to allow
the fibroblasts to seed the prosthesis.

The fibroblasts may be in any suitable form ready for use.
Thus aptly the fibroblasts may be cryopreserved.

The matrix, or components/precursors thereof, may be
provided in lyophilised form.

In a preferred embodiment, the present invention comprises,
an implantable prosthesis which in a form prior to implantation
comprises a biocompatible synthetic substantially bioresorbable
matrix material having a polymeric gel in intimate contact therewith,
the gel having fibroblasts dispersed therein. This is advantageous in
that the gel can support the cells in a true three-dimensional
arrangement rather than merely supporting a monolayer on the
surface of a material. The environment closely mimics the natural
physiological environment of the cells. Also, incorporation of cells in
a gel can provide for even cell distribution, preventing cells from
pooling which might otherwise occur due to gravitational influence.

The present invention provides a method of repairing or
replacing connective tissue in a human or other animal, comprising
the steps of: incubating a biocompatible matrix material in the
presence of a gel-forming composition and of fibroblasts under
suitable conditions to form a prosthesis comprising a matrix
contacting a polymeric gel, the gel having fibroblasts dispersed
therein, and thereafter implanting the prosthesis into a host.

Suitable gel forming compositions include collagen gel forming
compositions and fibrin gel forming compositions.
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Fibrobiasts in a collagen gel are capable of utilising the
collagen and reorganising it. Under an appropriate mechanical
stimulus they are capable of reorganising the fibrils into non-
randomly orientated, organised structures resembling the natural
ultrastructure of ligament and tendons. A mechanical stimulus may
be the prevention of gel contraction which would otherwise occur
over time by fixing the gel at two points. The matrix may be
designed to achieve this. Alternatively, the gel on or in the matrix
may be exposed to applied strain using a mechanised straining
device to stimuiate fibroblast alignment.

The method may comprise an additional step of incubating a
gel-contacting matrix under suitable conditions for fibroblast
proliferation in the gel and thereafter implanting the matrix into a
host.

In the preferred embodiment of the present invention, the
matrix is seeded by means of incubating the matrix in the presence
of a suitable culture medium, a gel-forming composition and the
fibroblasts to be seeded. An appropriate agent for causing gelation
of the gel forming composition may also be used, if necessary.

Seeding the matrix in the presence of a gel-forming
composition, fibroblasts (and a gelling agent, if required) results in a
gel-coated or filled matrix, the gel having fibroblasts dispersed
therein. The gel can be formed by the interaction of the gelling
agent and the gel-forming composition. A preferred gel is a collagen
gel. A Type |, Il or Ili collagen solution may be prepared using an
appropriate source of collagen. Thus for example a Type | collagen
solution may be prepared from dermis (Type | collagen forms up to
70% of extracellular protein found in skin) as above described.
Alternatively a Type | collagen solution may be prepared tendons,
e.g. rat or bovine tendons, which comprise almost exclusively Type
1 collagen. The collagen may be extracted according to any of the
standard methods known by those skilled in the art.
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There are a number of suitable ways of incorporating the gel in
or on the matrix. For example, the matrix may be suspended in such
a manner that the gel-forming solution (optionally comprising
fibroblasts) completely surrounds the matrix. A mould which
5 surrounds the matrix may be used. Centrifugation or suction may
alternatively be used to direct gel towards the matrix.

A kit for use in forming the prosthesis of the preferred
embodiment can comprise a biocompatible matrix, a gel-forming
10 composition and a source of fibroblasts.

Alternatively the kit may comprise a biocompatible matrix
having a coating comprising a polymeric gel and/or having a
polymeric gel incorporated therein and a source of fibroblasts. On
15  incubation under suitable conditions the fibroblasts can invade the
gel, thus producing a matrix bearing a gel having fibroblasts therein.

The prosthesis of the present invention offers an advantage

over previously known prostheses which were designed to enhance

20 ingrowth of fibroblasts after implantation and act as a scaffold
through which fibroblasts can grow and form a new ligament, since it
comprises fibroblasts prior to implantation. Thus the damaged tissue
may be replaced by a prosthesis comprising viable fibroblasts which
may be replicating. The fibroblasts may already substantially be

25 aligned on implantation or at least criented in a non-random
manner. This process is speedier than previously known methods
which rely on infiltration of prostheses by fibroblasts after
implantation. It will be clear that the prosthesis may be implanted
after an initial predetermined incubation period timed to result in

30 seeding of the prosthesis with fibroblasts. Alternatively the
prosthesis may be incubated for a longer incubation period than the
initial incubation period so that the fibroblasts will be replicating and
will have already started to secrete collagen fibrils when the
prosthesis is implanted.

35

The prosthesis and method of the present invention offers

other advantages over the common surgical practice or harvesting
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host patellar tendon in that it avoids the need for carrying out an
extensive surgical operation to harvest the tendon. A simple skin
biopsy (a standard procedure which does not result in substantial
scarring) can be used to obtain fibroblasts which can then be
proliferated in culture. In addition, the prosthesis can be designed to
optimise fibroblast orientation. The cumulative effect of these
advantages can result in a reduction in the length of a hospital stay.

In one preferred embodiment of the present invention, where a
collagen gel contacts the matrix, the prosthesis of the present
invention provides a source of collagen which can be used by the
fibroblasts. The collagen in the gel is preferably in a non-cross-
linked form.

In another preferred embodiment of the present invention a
fibrin gel is used.

According to a further aspect of the present invention there is
provided a device for culturing cells for use in forming a prosthesis
according to the present invention, comprising a chamber for
maintaining fibroblasts in a viable condition, the chamber being
provided with means for releasably securing the matrix material and
means adapted for applying strain to the matrix material along a
single axis only. Such a device can be included in a kit as aforesaid.

If several straining means are present, the device of the
present invention can apply strain to a plurality of samples at any
one time. Thus the device may have one or more chambers adapted
to retain a culture medium and may be provided with means for
releasably securing a plurality of matrix materials. This may be
done simultaneously. Each of several chambers may be provided
with means for releasably securing a plurality of matrix materials.
Alternatively each chamber may be provided with means for
releasably securing a single matrix material.

A chamber may be permanently fixed within the device.
Alternatively the chamber may be releasably fixed so that it may be
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removed from the device as desired, e.g. the chamber(s) may be
removed to facilitate the securing and release of the matrix material.

A chamber may be made from any material which may be
sterilised by suitable methods of sterilisation, e.g. gamma
irradiation, steam sterilisation or ethylene oxide (ETO) sterilisation.

A chamber may have any desirable shape and size. Suitably
the chamber may be cylindrical, cuboid or spherical. The
dimensions of the chamber should be such that they enable the
matrix material to be secured and to be subsequently extended on
the application of strain. The device of the present invention can be
adapted to apply a strain which causes e.g. up to 100% extension of
the matrix material (relative to the material in unextended form).
Generally speaking however, an extension of up to 10%, or of up to
5% may be sufficient.

Thus the dimensions of the chamber can be such that they
enable the matrix material to be extended to the desired level.

The dimensions of a chamber are desirably such that the
chamber has a capacity of up to 75cm3, e.g. up to 50cm3. The
chamber may be made from any suitable material, e.g. stainless
steel or Perspex™ material. Preferably the material is autoclavable
to facilitate sterilisation.

Preferably the chamber is provided with a transparent or
translucent window to enable the matrix material to be viewed
during the time of culture. Examples of suitable materials include
glass gnd polymethylmethacrylate (PERSPEX).

The chamber may comprise a closure, which may be
removably or hingedly mounted to allow access to the inside of the
chamber. Thus for example the chamber may comprise a glass
cylinder wherein at least one of the ends is removable. Aptly the
chamber may be collapsible or telescopic.
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The chamber is desirably thermostatically controlled and may
be heated via a water jacket or other heating means. It may be
provided with various sensors e.g. sensors of the CO2 content
within a head space of the chamber. A CO5 source may also be
provided.

The matrix material may be releasably secured by securing
means within the chamber.

The means for applying strain may compare two elements
which are movable within the chamber so that the spacing between
the elements can be varied. Alternatively one element may be
movable but the other may be fixed.

The securing means may be any suitable means for releasably
securing the matrix sample. The design of the securing means
depends upon the design of the ends of the matrix material. Thus for
example where the matrix material comprises looped ends the
securing means may comprise a pair of clips or hooks. Suitably the
securing means may comprise for example a chuck or a lathe or
jaws which may screw together or be held by springs. Aptly the
securing means may be in the form of a slot or other opening such
that the ends of the matrix material are designed to fit thereon. Thus
for example the ends of the matrix material may be embedded in a
resin which may be retained in a slot. The opposite arrangement
can be used in which the opening is in the matrix material and the
securing means fit therein. A yet further way of releasably securing
the matrix material is to provide a spool, which may be generally
cylindrical, about which matrix material can be wrapped and held in
position by friction. The spool may be held in place by a gripping
device. Two such spools may be provided - one for each of two
gripping devices.

The matrix material to which strain is to be applied by the
device of the present invention may comprise any suitable material
for supporting viable cells. Cells may be present in or along the
entire length of the matrix material. Alternatively part of the matrix
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material, e.g. the ends thereof, may have no cells. The celis may be
applied to the matrix material either before or after the matrix
material has been secured under extension. It is preferable however
to apply the cells to the material before securing the material under

extension in the chamber.

The matrix material may be designed in the form of a
prosthetic ligament or tendon. Where for example the matrix
material is in the form of a prosthetic ligament, the ligament when
unstrained is preferably in the range of from 1 to 30cm long. The
matrix material should be chosen so that it is suitable for
withstanding the magnitudes of strain which it will be subjected to on
implantation, e.g. in the knee.

The means for applying strain may act by pulling both ends or
one end of the matrix material, resulting in an extension of the
matrix material. This may be done by various means, e.g.
mechanical, electrochemical, electrical, piezoelectric, pneumatic,
hydraulic or other means. The matrix material may be releasably
attached to a stationary element at one end of the chamber and the
opposing end of the matrix material may be attached to a tension
applying member (for example a winding device). Suitably strain
may be applied to the matrix material by means of a diaphragm, one
side of the diaphragm lying within the chamber and the opposing
side lying outside the chamber. A pivotally mounted lever may be
used to apply strain.

The present invention also provides a method of culturing cells
under strain which method comprises the steps of releasably
securing a matrix material having viable cells in intimate contact
therewith in a chamber, the chamber comprising an adequate
amount of culture medium to cover the matrix and cells, and
applying strain to the matrix material along a single axis.
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Materials suitable for use in a matrix of the present invention can be
assessed as exemplified below:-

Assessment of Materiais

In order to make an initial assessment of suitable materials for
supporting fibroblast growth, various materials were obtained (which
are not to be construed as limiting), as indicated in Table 1 below,
and moulded into films for Smin at 2.5 Tons at the following
temperatures: Polylactide 170°C; polyglycolide, 245°C,
polyhydroxybutyrate, 185°C; and polycaprolactone, 65°C.

Table 1

Material Supplier Fia.
Polylactide Medisorb, Cincinnati, Ohio, USA 1a
Polygiycolide Medisorb, Cincinnati, Ohio, USA b
Polyhydroxybutyrate  Goodfellows, Cambridge, UK 1¢
Polycaprolactone Birmingham Polymers Inc. 1d

Alabama, USA

Fibroblasts were seeded onto the surfaces of these materials
at a density of 1 x 104 cells/cm? of material and incubated for 3
days under culture conditions.

After the incubation period, photomicrographs were taken of
the celi-seeded samples. These are shown in Figs. 1a to 1d for the
samples indicated in Table 1 above (photocopies of all of the
photographs provided for this application are provided immediately
after the relevant photographs).

Fibroblasts can be seen to be well adhered to the surfaces of

all of the materials and to exhibit the morphology typical of healthy
cultural fibroblasts.
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One sample of fibroblasts was grown on polylactide as

"described above apart from the fact that a longer (16 day) culture

period was used.

After this period the celis were stained with a viable stain
(calcein AM (2uM)) and visualised by fluorescence microscopy
using a fluorescein filter. A confluent monolayer of viable cells was
observed, showing that polylactide is capable of supporting viable
fibroblasts for extended periods of culture.

Figure 2 is a graph showing the relative rate of proliferation of
fibroblasts on four examples of bioresorbable synthetic materials:
polylactide (PLA): polyglycolide (PGA) polyhydroxybutyrate (PHB)
and polycaprolactone (PCL) (all as described above) in comparison
with a tissue culture treated potystyrene (TCP) control (since TCP is
known to support good fibroblast growth).

Figures 2a) to &) show each of these materials on a single
graph (for each of reference). Cells were seeded at 1 x1 04 cells.cm™
2 in triplicate and the rate of proliferation determined by measuring
the uptake of tritiated thymidine into cellular DNA at timepoints up to
7 days after incubation using standard celi cutture techniques. The
medium was changed at 2, 4 and 6 days. The points represent the
mean of three determinations and the error bars represent the
range. All polymers supported fibroblast proliferation.

Figure 3 is a photomicrograph of fibroblasts embedded within a
three dimensional collagen gel after 15 days of culture. The cell-
seeded gel was prepared as described in example 2 (which will be
described later) apart from the fact that it was not used to contact a
matrix. The gel provides a three-dimensional structure in which the
cells are embedded and can form interactions with collagen
molecules via membrane integrin receptors. The cells are randomly
arranged, exhibit long processes and are capable of reorganising
collagen fibrils within the gel.
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Figure 4 is a photomicrograph of fibroblasts embedded within a
three dimensional collagen gel as described for Fig. 3 above, apart
from the fact that the gel has now been constrained from contracting
in one direction by two stainless steet pegs glued to a culture dish
with a tissue culture compatible adhesive. The cells are arranged in
a highly orientated fashion, their long axes being parallel to the axis
between the contraining pegs. The collagen fibrils align along the
same axis. This effect is due to the pegs preventing the gel
contracting, as would otherwise occur in the presence of fibroblasts
in culture.
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The following examples, which are not to be construed as
limiting, illustrate how various cell-seeded matrixes can be
produced.

Example 1 : Preparation of a fibroblast seeded polylactide matrix
prosthesis

a) Preparation of Cells
10

A biopsy is washed three times in phosphate buffered saline

(PBS), and rinsed in 70% alcohol. The rinsed biopsy is then dipped
into Dulbecco's Modified Essential Medium (DMEM) and incubated
at 37°C for 24 hours. After incubation, the biopsy is cut into small

15  pieces under PBS. The cut pieces are transferred to a 50mm petri
dish, containing about 5ml of collagenase solution to allow
digestion. The epidermal sheets are removed from the collégenase
solution. The resultant solution is centrifuged. The fibroblast cell
pellet is resuspended in DMEM and thereafter seeded in a 35mm

20  petri dish using DMEM. The cells may be confluent in from 2-4 days.
Thereafter the cells may be cultured to provide an appropriate
quantity of fibroblasts for seeding the matrix.

A suitable medium for culturing the isolated fibroblasts may
25 comprise DMEM which may be supplemented with the following:
glutamine, foetal calf serum, non essential amino acids and ‘
antibiotics. In addition the medium may have a buffering agent such
as bicarbonate.

30 b) Preparation of matrix material

~ A polylactide matrix material suitable for use in a prosthesis for
replacing a ligament can be prepared by obtaining polylactide fibres
and then braiding them to form a braid of appropriate dimensions to
35 replace the ligament.

Polylactide fibres can be obtained by extrusion, fibre spinning,
melt-spinning, drawing, heat annealing etc.
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Braiding of the fibres can be done by standard braiding
techniques, the length and thickness of the braid, number of fibres
present and diameter of fibres present being selected to form a

5  braid with appropriate properties.

The ends of the device are constructed in a suitable way to aid
fixation of the device by a screw or other fixation means. This is
done by forming eyelets at the ends.

10

¢) Seeding of matrix material with cells

The braided device is incubated in a medium containing 10%
viv serum for 24 hours and is then seeded with cells by pipetting a
15  cell suspension over the surface of the matrix material until the latter
is completely covered with cell suspension. (Alternatively the matrix
may be incubated together with the cell suspension for a period of
about six hours under conditions of agitation, e.g. on a bottle roller.
Other alternatives are to seed the device by sucking cell suspension
20 through it under vacuum (if it is porous) or by centrifuging cell
suspension through the device).

d) Straining of the cell-seeded matrix

25 The cell seeded device is gripped at both ends in a straining
apparatus which causes the device to be strained along a single
longitudinat axis. This is done for sufficient time so as to cause the
fibroblasts substantially to align along the general direction of the
longitudinal axis, as can be assessed by microscopic analysis of the

30 cells. The apparatus comprises a culture chamber so that straining
can occur over several hours or even several days and yet the celis
can remain viable. Typically the device is strained at 37°C.

During straining a culture medium is used to culture the cells

35 under suitable conditions. This includes serum, ascorbate or stable
analogues thereof, together with growth factors.
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The ascorbate stimulates the fibroblasts to synthesise
collagen; the serum contains factors promoting cell proliferation and
cell adherence and the growth factors can stimulate cell
proliferation, development and migration.

e) Implantation of the cell-seeded matrix

Once the cell-seeded device has been strained for a sufficient
period to obtain a desired degree of alignment of fibroblasts, it is
removed from the cell-straining device and implanted into a patient
by any desired technigue.

Minimal invasive surgery is preferred. For a prosthetic anterior
cruciate ligament implantation be done utilising the "two-tunnel” or
the "over the top" techniques. Fixation can be achieved by using
screws (or other fixation elements) placed through the eyelets of the
matrix. The screws are suitably formed of a biodegradable material,
such as polyhydroxybutyrate.
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PCT/GBY4/01455



WO 95/01810 PCT/GB94/01455

19

Example 2 : Preparation of a fibroblast seeded polylactide matrix

prosthesis comprising a collagen gel in which the
fibroblasts are incorporated

This can be done in an analogous manner to the method
described in Example 1, except for the inclusion of an alternative
procedure whereby fibroblasts are incorporated in a collagen gel
which is used to seed the polylactide matrix. This extra procedure is

10  described below:-

a) Preparation of cojlagen

It is desired to form the collagen in a form which is acid soluble
15  and which is not cross-linked. This can be done as follows:-

Type | coliagen is prepared from tendon but could be from

other tissue e.g. skin. The tissue is minced finely, disinfected in 70%
(viv) ethanol for at least 30 mins, dispersed in acetic acid (1% v/v)

20 and incubated with agitation at 4°C. The supernatant is removed
and neutralised by addition of an appropriate volume of 1.0M
sodium hydroxide. The precipitated type | collagen is pelleted by
centrifugation at 8,000 x g and the pellet resuspended inan -
appropriate volume of acetic acid (1% viv). The collagen

25 concentration of this solution is determined by any appropriate
method (e.g. a total protein assay - the BCA assay) and the
concentration of the collagen solution adjusted appropriately (e.g.
3mg.mi-1 can be used).

30 if the product is a kit, sterile coliagen solution may be
lyophilised and stored under vacuum or an inert gas (e.g. argon) to
prevent cross-linking. A diluent (acetic acid) could also be provided.

Alternatively, it could be provided as a solution and stored at 4°C to
-20°C.

527



WO 95/01810 PCT/GB94/01455

10

15

20

20

b) Seeding of matrix material with cells

Three components are typically used to seed the matrix:- cells
suspended in an appropriate medium, collagen solution and a
gelling agent - (e.g. 1M sodium hydroxide). The final coliagen
concentration may be approximately 1mg.ml‘1 and the seeding
density approx. 3x10% cells per ml of get (or volume within the
matrix). The three components are maintained at 0°C to 4°C, mixed
and added to the matrix. Once the matrix is fully impregnated, it is
incubated at 37°C and gelling is initiated.

The impregnation of the matrix may be achieved by any
suitabie method. The matrix may be merely immersed in the solution
within 2 mould. Alternatively the solution may be sucked into the
scaffold by use of a vaccum or forced in by centrifugation (for
example within-a mould centrifuged at 500rpm for Smin at 0-4°C).

The rate of setting of the gel may be varied by varying the
temperature.
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Example 3 : Preparation of a fibroblast seeded polylactide matrix
prosthesis comprising a fibrin gel in which the
fibroblasts are incorporated

This can be done by an analogous method to that described in
Example 2, except that a fibrin gel rather than a collagen ge! is
used.

Again, three components are used: cell suspension, fibrinogen
solution and thrombin solution containing calcium chtoride (mM).
The final cell concentration may be 3x104 cells per ml, the
fibrinogen concentration may be 3mg/ml, the thrombin activity 2.5
Units/ml and the calcium chloride concentration 5mM. The reagents
are mixed and then incubated with the matrix. Once impregnated
with the solution, the matrix is incubated at 37°C to allow rapid
gelling. Impregnation of the matrix may be conducted by any of the
techniques described above.

The rate of gelling may be varied by varying the thrombin
activity and/or the temperature.
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The cell straining device referred to previously will now be
described by way of example only with reference to Figs. 5 a), b), ¢),
d), and e) which show various components which can be put
together to form the device.

The device comprises a Perspex™ container 10 (shown in cut-
away section) and lid 20 (see Figs. 5a) and 5e)). Container 10 can
be used to contain an extensible material seeded with fibroblasts
under cell culture conditions. For ease of reference thermostats,
sensors, inlets for topping up culture media and other components
which would be well known to those skilled in the art are not shown.

The device further comprises first and second grips 30 and 40,
each of which has two parallel arms 45 bearing pegs 50 (see Figs.
5¢) and e)).

One of the grips (grip 40) is provided with a support 60 which
can be moved towards or away from the other grip 30 along a single
longitudinal axis by a motor (not shown). The other grip 30 is fixedly
mounted to an end wall 35 of the device.

The grips 30 and 40 function to receive and hold spoois 70
and 80 (see Figs. 5c) and Se)). This is achieved by pegs 50 fitting
into grooves 90, thereby attaching the spools 70 and 80 to grips 30
and 40 in a manner which prevents rotation of the spools 70 and 80
relative to the grips 30 and 40 respectively.

Spools 70 and 80 function to hold an extensible material
seeded with fibroblasts, indicated by cell seeded polylactide braid
prosthesis 100.

This is achieved by threading opposite ends of the prosthesis
100 through apertures 110 and 120 and then rotating the spools 70
and 80 several times about axes A and B respectively so that the
prosthesis 100 is secured to the spools 70 and 80 by friction (see
Fig. 5b).
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The spools 70 and 80 can then be slotted onto grips 30 and 40
as aforesaid (see Fig. 5¢) and the prosthesis 100 can be extended
by causing support 60 to retract within the container so that grips 30
5 and 40 become increasingly spaced. Once a desired degree of
extension has been achieved support 60 can be held in position by
a releasable locking device (not shown) and the extended
prosthesis 100 can be incubated under culture conditions for as
long as desired.
10
In order that the prosthesis 100 can be easily seen a window
130 is provided formed of a transparent on translucent material.
This can be used for microscopic analysis of fibroblasts growing on
the prosthesis 100 in order to determine when the prosthesis 100 is
15 ready for implantation.

A grooved transparent or translucent block 140 is also
provided for positioning at the bottom of container 10 (see Fig. 5d).
The block is sized so that groove 150 can accommodate sufficient
20  culture medium to cover the prosthesis 100 when positioned on
spools 70 and 80 with the spools 70 and 80 being held by grips 30
and 40. This enables economical amounts of culture medium to be
used.

25 The materials used to form the components of the straining
device are autoclavable and sterilisable with alcohol. Typically the
device is operated at a temperature of 37°C and with an atmosphere

of 5% CO5.

30
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CLAIMS

1. Animplantable prosthesis which in a form prior to implantation
5 comprises a biocompatible, synthetic, substantially bioresorbable
matrix material seeded with fibroblasts.

2. A prosthesis according to claim 1 wherein the bioresorbable
matrix material comprises a polylactide, a polyglycolide, a

10 polydioxanone, a poly caprolactone, a polyhydroxybutyrate, a
polyhydroxybutyrate-co-hydroxyvalerate, a polyanhydride, a
polyorthoester, a polyorthocarbonate, a polyaminocarbonate, a
polytrimethylene carbonate or a co-polymer which incorporates
monomers from which the abovementioned polymers are formed.

16
3. A prosthesis according to claim 1 or claim 2, further comprising
a non-bioresarbable matrix material.

4. A prosthesis according to claim 3 wherein the non-

20 bioresorbable matrix material is a polyester, a polyethylene, a
polypropylene, PTFE, carbon fibre, or a composite of two or more of
the aforesaid materials.

5. A prosthesis according to any preceding claims wherein the

25 matrix further comprise one or more of the following:- proteoglycans,
glycosaminoglylycans, fibronectin or its active binding domain,
growth factors, osteoinductive or osteoconductive materials.

6. A prosthesis according to any preceding claim wherein the
30 prosthesis comprises a gel in intimate contact with the bioresorbable
matrix material, the gel having fibroblasts dispersed therein.

7. A prosthesis according to claim 6, wherein the gel is a collagen
or fibrin gel.

35
8. A prosthesis according to claim 7 wherein the gel is in the form
of a coating and/or a filling.
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8. A prosthesis according to any of claims 6 to 8, wherein the
bioresorbable matrix material is polyhydroxybutyrate or a copolymer
incorporating a plurality of hydroxybutyrate monomers.

10. A prosthesis according to any preceding claim wherein the
matrix is flexible.

11. A prosthesis according to any preceding claim which is in the
form of a fibrous member.

12. A prosthesis according to any preceding claim which is in the
form of a woven, knitted, crocheted or braided member.

13. A prosthesis according to any preceding claim comprising a
plurality of bioresorbable matrix materials having different rates of
bioresorbtion. '

14. A prosthesis according to any preceding claim, wherein the
fibroblasts are non-randomly oriented.

15. A prosthesis according to claim 14 wherein the fibroblasts are
substantially aligned.

16. AKit for producing a prosthesis according to claim 1

comprising a fibroblast cell source or a device adapted for extracting
fibroblasts from a mammalian body and a bioresorbable matrix
material. '

17. A«it for producing a prosthesis according to claim 6
comprising a fibroblast cell source or a device adapted for extracting
fibroblasts from a mammalian body, a bioresorbable matrix material
and a polymeric gel or a composition for forming the polymeric gel.

18. * A device for use in manufacturing a prosthesis according to

claim 14 or claim 15, wherein the device comprises a chamber for
maintaining fibroblasts in a viable condition, the chamber being
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provided with means for releasably securing the matrix material and
means adapted for applying strain to the matrix material along a
single axis only.

19. A method of repairing or replacing damaged connective tissue
in a human or animal, comprising incubating a biocompatible
synthetic substantialty bioresorbable matrix material in the presence
of a suitable culture medium and of fibroblasts under suitable
conditions for fibroblast seeding on or in the matrix and thereafter
implanting the matrix seeded with fibroblasts into a host.

20. A method according to claim 19 further comprising the step of
applying strain to the matrix material when seeded with fibroblasts

s0 as to cause non-random orientation of the fibroblasts.

21. A method according to ctaim 19 wherein the non-random
orientation is a substantial alignment of fibroblasts.

22. A method according to claim 20 or claim 21 wherein the
fibrobtasts are incorporated in a gel.

23. A method according to claim 22 wherein the gel is a collagen
gel or a fibrin gel.
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A fusion cage (20) for anterior verebral body fusion is conically shaped and inchudes a rounded distal end (24). A thread (40) is
formed as part of the external conical surface of the fusion cage (20), The thread (40) defines one or more Autes (52} which enhance the
ability of the fusion cage (20) to be self-tapping. Apertures (54, 206, 322) are defined through the fusion cage in order to provide for
contact between the cngaged vertebral bone structures and hne growth inducing substances packed within the fusion cage. The fusion
cage (20) is introduced through an anterior procedure and ma.i.tains or increases the lordosis between adjacent vertebral bone structures.,
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CONICALLY-SHAPED ANTERIOR FUSION CAGE
AND METHOD OF IMPLANTATION

BACKGROUND
Field of the Invention

The present invention is directed to devices and methods for

facilitating the fusing of bone structures and more particularly the fusing

together of adjacent vertebral bodies or bone structures.

Background ot the Invention

Technical literature and patent documents disclose a number of
devices and methods for fusing bones together. One such device which
has proven to be successful is disclosed in U.S. Patent 4,961,740, entitled
"V-THREAD FUSION CAGE AND METHOD OF FUSING A BONE JOINT,"”
which patent has been assigned the present assignee and which patent is
incorporated herein by reference. The referenced patent discloses a fusion
cage which is preferably cylindrical and has a thread formed as part of the
external cylindrical surface. The fusion cage defines an internal cavity and
apertures through the wall of the cage which communicate the external
cylindrical surface with the internal cavity. The apertures are formed in
the valleys of the thread. Normaliy two such cages are used to stabilized
and fuse together adjacent vertebral bodies or bone siructures.

In practice, using a posterior approach, a patient’s vertebral bone
structures are exposed and degenerate disk material located between the
vertebral bone structures is removed. A threaded tap is used to tap a
complementary thread in the upper and lower vertebral bone structures
preparatory to the insertion of the above fusion cage. Once such tapping
has been accomplished, using an introd' ction tool, the fusion cage is
screwed into the space between the adjacent vertebral bone structures.
The thread bites into the bone of the upper and lower vertebral bone
structures, stabilizing the bone structures, and preventing the fusion cage

from working out of this position due to patient movement. Generally two
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such fusion cages are applied using this technique. QOnce the two implants
have been positioned, then bone growth inducing substances, such as
bone chips, are packed into the internal cavity of the fusion cages. These
bone growth inducing substances come into immediate contact with the
bone from the vertebral bone structures which project into the internal
cavity through the apertures. Such projection of bone is due to the fact
that the apertures are formed in the valleys of the external thread of the
fusion cage. Such immediate bone to bone contact between the vertebral
bone structures and the bone pack within the fusion cages results in more
rapid propagation of bone cells between the adjacent vertebral bone
structures and thus a more rapid fusion of the adjacent vertebral bone

structures.

Summary of the Invention

The present invention is directed to a fusion cage which has been
designed to be implanted using an anterior approach to the vertebral bone
structures.

in a first embodiment of the present invention, the fusion cage
includes a conically-shaped cage body having a proximal end and a distal
end, said distal end having a diameter which is smaller than the diameter
of the proximal end. The distal end further is rounded with for example
a bull nose in order to facilitate the insertion of the cage body relative to
one or more bone structures. The conically-shaped cage body is
particularly advantageous for use with an anterior approach to vertebral
bone structure fusion. This is due to the fact that the normal lordosis of
the vertebral bone structures defines a wedged-shape space for a vertebral
disk between, for example, lumbar vertebrae. Accordingly, the conically-
shaped body cage can be sized and selected in order to maintain or
enlarge upon the normal lordosis.

In a second embodiment of the present invention, a fusion cage
includes a conically-shaped cage body having a proximal end and a distal

end with the distal end having a diameter which is smaller than the
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diameter of the proximal end. The conically-shaped cage body has a
conically-shaped outer surface and at least one flute formed in the
conically-shaped outer surface. The flute acts as a relief much as the flute
placed on self-tapping screws in order to facilitate the insertion of the
fusion cage using a twisting motion between two vertebra! bone
structures.

In a third embodiment of the invention, a fusion cage includes a
conically-shaped cage body having a proximal end and a distal end, the
distal end having a diameter which is smaller than the diameter of the
proximal end. The conically-shaped cage body has a conically-shaped
outer surface and a thread formed as part of the conically-shaped outer
surface. The thread allows the cage body to be inserted using an anterior
approach. Due to the fact that the cage body is conically-shaped, the
requirement for pretapping the vertebral bone structures to receive the
fusion cage is eliminated with the fusion cage being self-tapping. Also the
cage gradually spreads apart the vertebral bone structures as the cage is
inserted in order 1o regain or enlarge the natural lordosis of the adjacent
vertebral bone structures. As with other embodiments of the present
invention, flutes can be provided through the thread in order to allow for
enhanced thread tapping by the cage and for a smoother insertion of the
fusion cage between the vertebral bone structures. Preferably two or

three flutes would be formed spaced about the fusion cage in order that

. one flute would be engaging with or adjacent to an upper vertebral bone

structures with another flute being engaging with or adjacent to a lower
vertebral bone structure. Such a relationship maintains alignment of the
fusion cage and prevent wandering as the fusion cage is introduced
between the two vertebral bone structures. Without two or more flutes,
wandering might occur due to the fact that the thread is only substantially
engaged with the vertebral bone structures and not with the disk material
between the vertebral bone structures, which disk material does not

provide support to the thread.
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in a further aspect of the invention, any of the above embodiments
can be provided with a plurality of apertures through the fusion cage and
an internal cavity with the apertures communicating between the internal
cavity and the external surface of the fusion cage. Bone growth inducing
substances, such as bone chips, can be packed into the internal cavity
either before the fusion cage is inserted or after the fusion cage has
reached a final insertion position. The bone chips come in contact with
the vertebral bone structures through the apertures in order to facilitate
fusion between the adjacent vertebral bone structures.

In another aspect of the invention which can be included in any of
the above embodiments, the cage body can have a round or bull nose
distal end with one or more fiutes formed in the round or buli nose distal
end in order to enhance the self-tapping nature of the fusion cage.

In yet another aspect of the invention, introduction tools allow the
fusion cage to be accurately positioned between the vertebral bone
structures.

The method of the present invention affords access to adjacent
vertebral bone structures using an anterior approach and procedure. Such
anterior approach and procedure can be preferably performed
laparoscopically using an introduction set including a cannula. A
laparoscopic procedure is minimally invasive as the abdomen muscle tissue
can be spread using a set of cannula of increasing size and a small
opening thereby developed through which a fusion cage can be inserted.
Such a procedure is less traumatic to the tissue than an alternate anterior
approach and procedure, also known as an anterior lumbar interbody
fusion, where an incision, perhaps up to five inches long is made, through
the abdomen muscle tissue. It is to be understood however that either
anterior approach and procedure can be used with the fusion cage and fall
within the scope of the invention.

After such access, using preferably a laparoscopic technique,
degenerate disk material can be removed and, using a cannula and

insertion tool, an appropriately shaped fusion cage can be screwed into
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place between the vertebral bone structures in order to stabilize the
vertebrat bone structures and allow for fusion. Either preparatory to
insertion of the fusion cage or atter it has been inserted, bone chips or
other bone growth inducing substances can be inserted into the fusion
cage to promote bone to bone contact and subsequent fusion.

It is to be understood that although the above-embodiments have
been described with respect to the fusion of adjacent vertebral bodies or
bone structures, that the present invention can be used to fuse together
a variety of bone structures, in addition to being fused t0 one bone
structure and used as, for example, a base for an implant.

Other objects and advantages of the invention can be obtained

through a review of the specification and the figures.

Briet Description of the Figure

Figure 1 is a partially sectional side view of an embodiment of the
fusion cage of the invention.

Figure 2 depicts a left end (distal end) view of the fusion cage of
Figure 1.

Figure 3 depicts a right end (proximal end} view ot the fusion cage

of Figure 1.
Figure 4 depicts a view through line 4-4 of the fusion cage of Figure

Figure 5 depicts the fusion cage of Figure 1 in conjunction with an
introduction tool.

Figure 6 depicts an afternative embodiment of the introduction tool.

Figures 7, 8, and 9 depict the progressive stages in the method of
inserting the fusion cage between adjacent vertebrat bone structures.

Figure 10 depicts a side view of an alternative embodiment of the
fusion cage of the invention,

Figure 11 depicts the left end (distal end) view of the fusion cage

of Figure 10.
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Figure 12 depicts the right end {proximal end} view of the fusion
cage of Figure 10.

Figure 13 depicts a side view of yet another embodiment of the
fusion cage of the present invention.

Figure 14 depicts a left distal end {(distal end) view of the fusion
cage of the invention of Figure 13.

. Figure 15 depicts a right end {proximal end} view of the fusion cage

of the invention of Figure 13.

Figure 16 depicts a sectional view taken through line 16-16 of

Figure 13.

Detailed ription of the Preferr mbodimen

With respect to the figures in a particular Figure 1, a side view of
the preferred embodiment of the fusion cage 20 is depicted. Fusion cage
20 includes a fusion cage body 22 which in this preferred embodiment is
provided in the shape of a cone. Fusion cage 20 includes a distal end 24
and a proximal end 26. The distal end 24 in a preferred embodiment is
rounded or bull nosed in order to facilitate the insertion of the fusion cage
20 relative to one or more bone structures. The proximal end 26 includes
an opening 28 which communicates with an internal cavity 30 defined by
the fusion cage 20. The opening 28 in a preferred embodiment is
threaded so that it can receive ah end cap or plug 32 (Figure 5). End cap
32 is used to close off the proximal end 26 and retain bone growth
inducing subsfances packed therein as described herein-below. As can be
seen in Figure 5, end cap 32 includes a threaded bore 34 which is
designed to receive an insertion tool. The threaded bore 34 has an initial
unthreaded, hex-shaped section 35 which can be used with a socket
wrench to tightly position end cap 32 in opening 28. The proximal end 26
further define first and second peripheral indentations 36, 38. These
periphera! indentations 36, 38 receive tangs from an insertion tool as

described hereinbelow for facilitating the insertion of the fusion cage 20.
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A thread 40 is defined as part of the outer cylindrical surface 41 of
the body 22. It is to be understood that the thread can be replaced with
a plurality of discrete threads or a plurality of projections, ridges,
protrusions, barbs, or spurs and be within the spirit and scope of the
invention.

The rounded distal end 24, and at least some of the turns of thread
40 defined flutes or relief grooves 42, 44, and 46. (Figures 1, 2.) In a
preferred embodiment, flutes 42, 44, and 46 meet at a central point 48 of
the distal end 24 on the longitudat axis 50 of the fusion cage 20. In other
embodiments the flutes can be smaller and not extend all the way to the
central point 48 on the longitude axis 50. Still in other embodiments, the
fiutes can be eliminated from the distal end 24 and such embodiments are
still within the spirit and scope of the invention.

The flutes extend from the distal end 24 toward the proximal end
26 as shown in Figure 1 with respect to flute 42. These flutes are defined
by the sections 52 which are removed from the thread. In a preferred
embodiment, the flutes become narrower as they approach the proximal
end 26 due to the fact that thread relief for purposes of self-tapping
becomes less important as the cage reaches a final resting position. As
shown in other embodiments, the flutes can be deeper and extend from
the distal end completely to the proximal end. Still 'further in other
embodiments the flutes can be confined to the first several turns of the
thread adjacent to the distal end and/or to just the distal end.

As can be seen in Figures 1, 4, a plurality of apertures 54 are
provided through wall 56 of the fusion cage 20. In a preferred
embodiment, these apertures 54 are formed by broaching grooves 58 in
the internal surface 60 of the interna. cavity 30. The effect of such

roaching is to remove material from the valleys between the turns of the
thread 40, thus defining the aperture 54. The advantages of such an
arrangement are taught by the above-referenced U.S. Patent No.
4,961,740, which patent is incorporated herein by raference and allows

for immediate bone to bone contact between the vertebral bodies or bone
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structures and the bone packed within the internal cavity 30 of the fusion
cage 20.

The apertures 54 in a preferred embodiment increase in size from
smaller apertures closer to the distal end 24 to a larger aperture closer to
the proximai end 26. This increase in size allows for more bone to bone
contact. Alternatively in the embodiment as shown in Figure 1, all the
apertures are of the same size.

As can be seen in Figure 4, the apertures are clustered about a
transverse axis 51, both at the upper and lower end of the axis. This is
s0 that in position, the apertures come into contact with the upper and
lower vertebra! bone structures (Figure 9) to encourage bone growth
through the fusion cage from the vertebral bone structures. The lateral
section of the fusion cage found along the other transverse axis 53 do not
have apertures in order to prevent growth of disk material which might
interfere with the bone fusing process.

A preferred embodiment of the conically-shaped fusion cage 20
includes a fusion cage which is 23 millimeters in length having a distal end
24 with a diameter of 14 millimeters and a proximal end 26 with a
diameter of 18 millimeters. The cage body is a right circular cone. The
thread has a pitch of 30° and there are ten turns per inch with a thread
depth of .053 inches. Further the cage is made of a titanium material.
Preferably this and the other disclosed fusion cages disclosed are
machined. However, the processes such as molding can be used to
accomplished formation of the fusion cages.

The caﬁe is inserted between vertebral bodies using an insertion
tool 62 (Figure 5). Insertion tool 62 includes an inner handle 64 and an
outer handle 66. The outer handle includes a bore 68 for receiving the
inner handle 64. Handles 64, 66 include knobs 70, 72 respectively. The
distal end of inner handle 64 defines a threaded shaft 74, having a reverse
thread to facilitate easy removal, and the distal end of handle 66 define a
cylindrical disk 76 which has first and second tangs 78, 80, projecting
from the peripheral edge of the cylindrical disk 76. These tangs 78, 80
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are designed to mate with the peripheral indentation 36, 38 of the fusion
cage 20. For purposes of inserting the fusion cage between the vertebral
bodies, the end cap 32 is inserted into the fusion cage 20 as shown in
Figure 5. Then the threaded shaft 74 of the inner handle is introduced into
the threaded bore 34 of the end cap 32. After this is accomplished, the
outer handle 66 is slid over the inner handle 64 and the tangs 78, 80 are
positioned into engagement with the indentations 36, 38. In this
arrangemént, the fusion cage 20 can be anteriorly inserted into the space
between the vertebral body structure using the insertion tool 62. '

An alternative embodiment of the insertion tool is shown in Figure
6. In this figure, insertion 100! 82 includes a handle 84 with a knob 86.
At the end of the insertion tool 82 distal from the knob 86 is a cylindrical
disk 88 which has first and second tangs 90, 92, which have the same
function as the above tangs 78, 80. Extending from the center of the
cylindrical disk 88 along the centerline of the insertion tool 82 is a shaft
94 which has a ball detent 96. For use with insertion tool 82, the
threaded bore 34 of the end cap 32 would be replaced with a bore having
a lip which could engage with the ball detent 96 of the insertion tool 82.

The method for inserting the fusion cage 20 of Figure 1 using an
anterior approach and procedure to the vertebral bodies is as follows. it
is to be understood that although the focus of this discussion is on a
laparoscopic procedure, that the anterior approach and procedure can also
include a more invasive procedure where a long incision is made in the
abdomen wall. |

With an anterior approach, using an introduction set such as
described by way of example only, in U.S. Patent 4,863,430, entitled
"INTRODUCTION SET WITH FLEXIBLE TROCAR WITH CURVED
CANNULA, " which is incorporated by reference, but however with larger
diameter instruments, an amount of disk material is removed between the
two vertebral bodies or bone structures which are to be fused together.
This procedure is accomplished through a cannula position adjacent to the

vertebral bone structures. With the same or a larger diameter cannula, the
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fusion cage 20 can be introduced adjacent to the vertebral bone
structures. In a first procedure, the fusion cage is packed with bone
growth substances and the end cap 32 is affixed to the fusion cage 20.
Insertion too! 62 is then secured to the fusion cage 20 and the fusion cage
is guided through the cannula to a location adjacent to the upper and
lower vertebral body such as presented schematically in Figures 7, 8, 9,
by upper body 98 and lower body 100. In the initial position as shown in
Figure 7, the fusion cage 20 is adjacent to the anterior sections 102, 104
of the vertebral bodies 98, 100. As the introduction tool is turned, the
thread 40 of the fusion cage 20 bites into the vertebral bodies 98, 100.
Further turning of the introduction tool causes the fusion cage to move
through the position shown in Figure 8 to the final resting position shown
in Figure 9, where the distal end 24 is moved adjacent to the posterior
sections 106, 108 of the vertebral bone structures 98, 100. As this
occurs, the fusion cage 20 increases the lordosis or spacing between the
vertebral bodies, basically distracting the vertebral bodies and causing the
vertebral bodies to pivot about the posterior sections 106, 108, with such
posterior sections acting like a hinge. It is noted that most of the
distraction occurs adjacent to the anterior sections, but that distractions
also occur at the posterior sections where the hinged effect is exhibited.
Preferably, the lordosis is increased over the normal lordosis in order to
stabilize the vertebral bone structures prior to fusion occurring.
Stabilization occurs due to the fact that increased lordosis places
additional stress on the anterior longitudinal ligaments which are part of
the anatomy holding the vertebral bodies in place.

Once the fusion cage 20 is appropriately positioned, the handle 64
of the insertion tool 62 is unscrewed from the cap 32 and the insertion
tool 62 is pulled away from the fusion cage.

An ahternative embodiment of a fusion cage 200 is shown in Figures
10, 11, and 12. Fusion cage 200 includes a distal end 202 and an a
proximal end 204. Fusion cage 200 includes an internal cavity 206. End
caps not shown can be used to close the ports 208, 210 of distal and
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proximal ends 202, 204. A plurality of threads 212 is defined on the
external conical surface 214 of the fusion cage 200. Defined by the
thread 212 are first and second flutes 216, 218, which in this embodiment
extend from the distal end 202 to the proximal end 204. These flutes
provide thread relief allowing the fusion cage 200 to be self-tapping.

The fusion cage 200 includes a plurality of elongated apertures 220
which are formed through the side walls of a fusion cage 200. The
elongated apertures 202 are formed in such a way that the internal conical
surface 214 is spaced away from the internal surface 224 of the internal
cavity 206 by the thickness of the sidewall 222.

A further embodiment of the invention is shown in Figures 13, 14,
15 and 16. In Figure 16 the fusion cage 300 has distal and proximal ends
302 and 304 respectively. The fusion cage 300 defines an internal cavity
3086, and ports 308 and 310 defined through the distal and proximal ends
302 and 304 respectfully. A thread 312 is defined as part of the external
conical surface 314 of the fusion cage 200. First, second and third flutes
316, 318, and 320, are defined in the thread 312 from the distal end 302
to the proximal end 304. These flutes give the fusion cage 300 an
enhanced self-tapping advantage. These flutes are equally spaced about
the fusion cage 300 in a3 manner similar to the flutes of the fusion cage
embodiment 20 in Figure 1.

A plurality of aperture 322 is provided through the external conical
surface 314 of the fusion cage 300 and through the side wall 324 opening
into the internal cavity 306. Accordingly, at the location of the aperture
322 the external surface 314 is held away from the internal surface 326

by the hickness of the side wall 324.

‘ndustrial Applicabili

The present invention affords the advantages of a fusion cage
which can be introduced through an anterior approach in order to maintain
or increase lordosis between adjacent vertebral bodies. The fusion cage

has the advantage of being conically-shaped and self-tapping through the
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use of external flutes. The flutes additionally assist in keeping the fusion
cage aligned and centered as the cage is being inserted between the
vertebral bone structures.

Other advantages, aspects, and objects of the invention can be
obtained through a review of the claims and the appended figures.

It is to be understood that additional embodiments of the invention

can be constructed and fall within the spirit and scope of the claims.
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We claim:

I A fusion cage for promoting fusion with one or more bone

structures comprising:
a conicalfy-shaped cage body having a pro,. mal end and a distal

end, said distal end having a diameter which is smalier than a diameter of

said proximal end; and
said distal end be..ag rounded in order to facilitate insertion relative

to one or more bone structures.
2. The fusion cage of claim 1 including:
said conically-shaped cage body having a conically-shaped outer
surface and at least one flute formed in the conically-shaped outer surface.
3. The fusion cage of claim 2 including:
said conically-shaped cage body wherein said flute extends from

the distal end toward the proximal end.

4. The fusion cage of claim 2 including:

at least three flutes formed in the conically-shaped outer surface.

5. The fusion cage of claim 4 including:

said three flutes are equally spaced about said distal end.

6. The fusion cage of claim 2 including:

said flute being additionally formed in the rounded distal end.

7. The fusion cage of claim 4 including:

said three flutes being additionally formed in the rounded distal end.

8. The fusion cage of claim 1 including:
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said conically-shaped cage body having a conicaily-shaped outer

surface and a thread formed into said conically-shaped outer surface.

9. The fusion cage of claim 8 including:

at least one flute formed in the thread.

10. The fusion cage of claim 8 including:

said conically-shaped cage body having a conically-shaped outer
surface ang an internal cavity; and

a plurality of apertures formed through the conically-shaped body
which communicate said conically-shaped outer surface with said internal

cavity.

11.  The fusion cage of claim 1 including: -

said conically-shaped cage body is a right circular cone.

12. A fusion cage for promoting fusion with between two spaced
apart vertebral bone structures which have posterior sections and anterior
sections and with a posterior interspace detined between the posterior
sections and an anterior interspace defined between the anterior sections,
said fusion cage comprising:

a conically-shaped cage body having a proximal end and a distal
end, said distal end having a diameter which is smaller than a diameter of
said proximal end, with said distal end positionable in the posterior
interspace between the posterior sections of the vertebral bone structures
and with said proximal end positionable in the anterior interspace between
the anterior sections of said vertebral bone structures in order to maintain
the height of the anterior interspace larger than the height of the posterior
interspace; and

said conically-shaped cage body having a conically-shaped outer

surface and a thread formed into said conically-shaped outer surface in
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order to engage the vertebral bone structures as the cage body is inserted

from the anterior interspace toward the posterior interspace.

13. The fusion cage of clagim 12 including:
said distal end being rounded in order to facilitate insertion of the
fusion cage between the vertebral bone structures, from the anterior

interspace toward the posterior interspace.

14. The fusion cage of claim 12 including:

at least one flute formed in the thread.

15. The fusion cage of claim 14 including:
said flute extends from the distal end toward the proximal end.

16. The fusion cage of claim 12 including:

at least three flutes formed in the thread.

17. The fusion cage of claim 16 including:

said three fiutes are equally spaced about said distal end.

18.  The fusion cage of clam 13 including:

at least one flute being formed in the rounded distal end.

19. The fusion cage of claim 18 including:

three flutes being formed in the rounded distal end.

20. The fusion cage of claim 12 including:

said conically-shaped cage body having an internal cavity; and

a plurality of apertures formed through the conically-shaped body
which communicate said conically-shaped outer surface with said internal

cavity.
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21. The fusion cage of claim 12 including:

said conically-shaped cage body is a right circular cone.

22. A tusion cage for promoting fusion with one or more bone
structures comprising:

a conically-shaped cage body having a proximal end and a distal
end, said distal end having a diameter which is smaliler than a diameter of
said proximal end; and

said conically-shaped cage body having a conically-shaped outer

surface and at least one fiute formed in the conically-shaped outer surface.

23. The fusion cage of claim 22 including:
said distal end being rounded in order to facilitate insertion relative

to one or more bone structures.

24, The fusion cage of claim 22 including:
said conically-shaped cage body wherein said flute extends from

the distal end toward the proximal end.

25. The fusion cage of claim 22 including:

at least three flutes formed in the conically-shaped outer surface.

26. The fusion cage of claim 22 including:

three flutes equally spaced about said distal end.

27. The fusion cage of clam 23 including:

a flute formed in the rounded distal end.

28. The fusion cage of claim 25 including:
said distal end being rounded in order to facilitate insertion relative
to the one or more bone structures;

and
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said three flutes being additionally formed in the rounded distal end.

29. The fusion cage of claim 22 including:

a thread formed into said conically-shaped outer surface.

30. The fusion cage of claim 29 including:

said at least one flute formed in the thread.

31. The fusion cage of claim 22 including:

said conically-shaped cage body an internal cavity; and

a plurality of apertures formed through the conically-shaped body
which communicate said conically-shaped outer surface with said internal

cavity.

32. An anterior fusion cage for promoting fusion between
vertebra! bone structures comprising:

a conically-shaped cage body having a proximal end and a distal
end, said distal end having a diameter which is smaller than a diameter of
said proximal end, said distal end for initial insertion between vertebral
bone structures from an anterior approach;

said conically-shaped cage body having a conically-shaped outer
surface and a thread with a plurality of turns formed into said conically-
shaped outer surface, and a flute formed in at least one said turns;

said conically-shaped cage body having an interior cavity; and

a plurality of apertures farmed through the conically-shaped body
which communicate said conically-shaped outer surface with said internal

cavity.

33. The fusion cage of claim 32 including:
sad distal end being rounded in order to facilitate insertion
between the vertebral bone structures from an anterior location towards

a posterior locatuon.
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34. The fusion cage of claim 32 including:
said conically-shaped cage body wherein said flute extends from

the distal end toward the proximal end.

35. The fusion cage of claim 32 including:

at least three flutes formed in at least one of the turns.

36. The fusion cage of claim 32 including:

three flutes equally spaced about said distal end.

37. The fusion cage of clam 33 including:

said fiute being additionally formed in the rounded distal end.

38. The fusion cage of claim 33 including:

three flutes are formed in the rounded distal end.

38. A fusion cage for promoting fusion with one or more bone
structures comprising:

a conically-shaped cage body having a proximal end and a distal
end, said distal end having a diameter which is smaller than a diameter of

said proximal end; and
said conically-shaped cage body having a conicaily-shaped outer

surface and a thread formed into said conically-shaped outer surface.
40. The fusion cage of claim 39 including:
said distal end being rounded in order to facilitate insertion relative

to one or more bone structures.

4%. The fusion cage of claim 39 including:

at least one flute formed in the thread.

42. The fusion cage of claim 41 including:

567



10

15

20

25

30

WO 96/08205 PCT/US95/11281

-19-

said flute extends from the distal end toward the proximal end.

43. The fusion cage of claim 39 including:

at least three flutes formed in the thread.

44, The fusion cage of claim 43 including:

said three flutes are equally spaced about said distal end.

45. The fusion cage of clam 40 including:

at least one flute being formed in the rounded distal end.

46. The fusion cage of claim 40 including:

three flutes being formed in the rounded distal end.

47. A tfusion cage for promoting fusion with one or more bone
structures comprising:

a cage body having a proximal end and a distal end; and

said cage body having an outer surface and at least one flute
formed in the outer surface in order to facilitate the insertion of the fusion

cage in the one or more bone structures.
48. The fusion cage of claim 47 including:
said distal end being rounded in order to facilitate insertion relative

to one or more bone structures.

49. The fusion cage of claim 47 including:

said flute extends from the distal end toward the proximal end.

80. The fusion cage of claim 47 including:

at least three flutes formed in the outer surface.

53. The fusion cage of claim 50 including:

568



10

15

20

25

3¢

WO 96/08205

-20-

three flutes are equally spaced about said distat end.

52. The fusion cage of clam 48 including:

said flute being additionally formed in the rounded distal end.

53. The fusion cage of claim 47 including:

said cage body having a thread formed into said outer surface.

54. The fusion cage of claim 53 including:

said flute formed in the thread.

65. The fusion cage of claim 1 in combination with an insertion
tool, said fusion cage and said insertion tool including:

said proximal end having a opening which communicates with an
internal cavity;

an end cap which can fit inte said opening in order to close off said
internal cavity;

said proximal end including at least one insertion tool receiving
indentation;

said end cap including an insertion tool receiving threaded bore; and

said insertion tool having a tang for being received in said
indentation and a threaded shaft for being received in said thr:aaded bore.
said insertion tool for being engaged with said fusion cage for inserting

said fusion cage relative to the one or more bone structures.

56. The fusion cage of claim 10 including:
said apertures are elongated in order to increase the amount of

communication between the internal cavity and the one or more bone

structures.

57. A method for fusing together two spaced apart vertebral

bone structures which have posterior sections and anterior sections and

569

PCT/US95/11281



WO 96/08205 PCT/US95/11281

10

15

20

25

30

.21-
with a posterior interspace defined between the posterior sections and an
anterior interspace defined between the anterior sections, with the height
of the anterior interspace being about the same as or larger than the
height of the posterior interspace, the method comprising the steps of:

accessing the vertebral bone structures from the anterior sections;

selecting a fusion cage with a conically-shaped cage body having
a proximal end and a distal end, said distal end having a diameter which
is smaller than a diameter of said proximal end, with said distal end
positionable in the posterior interspace between the posterior sections of
the vertebral bone structures and with said proximal end positionable in
the anterior interspace between the anterior sections of said vertebral
bone structures in order to maintain the height of the anterior interspace
relative to the height of the posterior interspace, and said conically-shaped
cage body having a conically-shaped outer surface and a thread formed
into said conically-shaped outer surface;

position the fusion cage body adjacent to the anterior sections of
the vertebral bone structures;

causing said fusion cage to be inserted ‘between the vertebral bone
structures by moving the fusion cage from (1) a position with the distal
end adjacent to the anterior section of the vertebral bone structures to (2}
a position with the distal end adjacent to the posterior sections and the
proximal end adjacent to the anterior sections of said vertebral body

structures.

58. The method of claim 57 including:
said causing step includes turning the fusion cage so that the
thread formed as part of the outer surfaces and engage the vertebral bone

structures in order to hold the fusion cage in place and stabilize the

vertebral bane structures.

59. The method of claim 57 including:
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said causing step inciudes turning the fusion cage so that the

thread self-taps a complementary thread in the vertebral bone structures.

60. A method of achieving 3 desired lordosis of the spinal
column of a patient including the steps of:

accessing the vertebral bone structures from the anterior;

positioning a conically-shaped fusion cage adjacent to anterior
sections of the vertebral bone structures using an anterior procedure;

urging the conically-shaped fusion cage into the disk space between
adjacent vertebral bone structures in a direction from the anterior to the
posterior of the vertebral bone structures in crder to restore a desired

jordosis.

61. The method of claim 60 including the step of:
preparatory to the positioning step, the step selecting a conically
shaped fusion cage of an appropriate size in order to achieve the desired

lordosis.

62. The method of claim 60 including the step of:

preparatory to the positioning step, the step of selecting a conically-
shaped fusion cage of an appropriate size in order to stretch the anterior
longitudinal ligaments in order to stabilize the vertebral bone structures

about the fusion cage.

63. The fusion cage of claim 10 including:

said apertures increase in size from the distal end toward the

proximal end.

64. A fusion cage (1) for promoting fusion between two spaced
apart vertebral bone structures which have posterior sections and anterior
sections with a posterior interspace defined between the posterior sections

and an anterior interspace defined between the anterior positions, and (2)

571

PCT/US95/11281



10

15

20

25

30

WO 96/08205

-23-
for achieving a desired lordosis as the fusion cage is implanted by urging
the fusion cage from the anterior sections toward the posterior sections
using an anterior approach, the fusion cage comprising:

a conically-shaped cage body having a proximal end ang a distal
end, said distal end having a diameter which is smaller than a diameter of
said proximal end, with said distal end positionable in the posterior
interspace between the posterior sections of the vertebral bone structures
and with said proximal end positionable in the anterior interspace between
the anterior sections of said vertebral bone structures as the conically-
shaped cage body is urged using an anterior approach from an initial
position where the distal end is positioned adjacent to the anterior sections
to a final position where the proximal end is positioned in the anterior

interspace and the distal end is positioned in the posterior innerspace.

65. The fusion cage of claim 64 including:

said conically-shaped cage body having a conically-shaped outer
surface and a thread formed into said conically-shaped outer space in
order to engage the vertebral bone structures as the cage body is inserted

from the anterior interspace toward the posterior interspace.

66. The fusion cage of claim 65 including:
said distai end of said cage body is rounded in order to facilitate

insertion between the vertebral body structures.

67. The method of claim 57 including:

using a laparoscopic procedure to access the vertebral bone

structures and to insert the fusion cage.

68. The method of claim 57 including:
said causing step distracting the anterior sections more than the
posterior sections, and far causing the vertebral bone structures to pivot

about the posterior sections.
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69. The method of claim 60 including:
using a laparoscopic procedure to access the vertebra! bone

structures and to insert the fusion cage.

70. The method of claim 60 including:
said urging step for distracting the anterior sections more than the
posterior sections of the vertebral bone structures, and for causing the

vertebral bone structures to pivot about the posterior sections.

71. A fusion cage for promoting fusion with one or more bone

structures comprising:
a cage body having a proximal end and a distal end, said distal end
having a diameter which is smaller than a diameter of said proximal end;

~and
said distal end being rounded in order to facilitate insertion relative

to one or more bone structures.
72. The fusion cage of claim 71 including:
said cage body having an outer surface and at least one flute

formed in the outer surface.

73. The fusion cage of claim _72 including:
said cage body wherein said flute extends from the distal end

toward the proximal end.

74. The fusion cage of claim 72 including:

at least three flutes formed in the outer surface.

75. The fusion cage of claim 71 inctuding:

at least one flute formed in the rounded distal end.

76. The fusion cage of claim 71 including:
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three flutes formed in the rounded distal end.

77.  The fusion cage of claim 71 including:

said cage body having an outer surface and a thread formed into

said outer surface.

78. The fusion cage of claim 77 including:

at least one flute formed in the thread.

79. A fusion cage for promoting fusion with between two spaced
apart vertebral bone structures which have posterior sections and anterior
sections and with a posterior interspace defined between the posterior
sections and an anterior interspace defined between the anterior sections,
said fusion cage comprising:

a cage body having a proximal end and a distal end, said distal end
having a diameter which is smaller than a diameter of said proximaj end,
with said distal end positionable in the posterior interspace between the
posterior sections of the vertebral bone structures and with said proximal
end : :srtionable in the anterior interspace between the anterior sections
of said vertebral bone structures in order to maintain the height of the
anterior interspace larger than the height of the posterior interspace; and

said cage body having an outer surface and a thread formed into
said outer surface in order to engage the vertebral bone structures as the
cage body is inserted from the anterior interspace toward the posterior

inters 'ace.

80. The fusion cage of claim 79 including:
said distal end being rounded in order to facilitate insertion of the
fusion cage between the vertebral bone structures, from the anterior

interspace toward the posterior interspace.
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81. A fusion cage for promoting fusion with one or more bone
structures comprising:

a cage body having a proximal end and a distal end, said distal end
having a diameter which is smatller than a diameter of said proximal end;
and

said cage body having an outer surface and at least one flute

formed in the outer surface.

82. The fusion cage of ¢laim 81 including:
said distal end being rounded in order to facilitate insertion retfative

to one or more bone structures.

83. A fusion cage for promoting fusion between vertebral bone
structures comprising:

a cage body having a proximal end and a distal end, said distal end
having a diameter which is smaller than a diameter of said proximal end,
said distal end for initial insertion between vertebral bone structures from
an anterior approach;

said cage body having an outer surface and a thread with a plurality
of turns formed into said outer surface,;

said cage body having an interior cavity; and

a plurality of apertures formed through the body which

communicate said outer surface with said internal cavity.

84. The fusion cage of claim 83 wherein:

a flute is formed in at least one of said turns.

85. A fusion cage for promoting fusion with one or more bone
structures comprising:

a cage body having a proximal end and a distal end, said distal end
having a diameter which is smaller than a diameter of said proximal end;

and
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said cage body having an outer surface and a thread formed into

said outer surface.

86. The fusion cage of claim 85 including:

5 said cage body being conically-shaped.

87. A fusion cage for promoting fusion with one or more bone
structures comprising:
a cage body having a proximal end and a distal end; and
10 said cage body having at least one flute formed in the distal end in
order to facilitate the insertion of the fusion cage in the one or more bone

structures.

88. The fusion cage of ciaim 87 including:
15 said distal end being rounded in order to facilitate insertion relative

to one or more bone structures.

89. The fusion cage of claim 87 including:
said flute extends from the distal end toward the proximal end.
20
90. A method for fusing together two spaced apart vertebral
bone structures which have posterior sections and anterior sections and
with a posterior interspace defined between the posterior sections and an
anterior interspace defined between the anterior sections, with the height
25 of the anterior interspace being about the same as or larger than the
height of the posterior interspace, the method comprising the steps of:
accessing the vertebral bone structures from the anterior sections;
selecting a fusion cage with a cage body having a proximal end and
a distal end, said distal end having a diameter which is smaller than a
30 diameter of said proximal end, with said distal end positionable in the
posterior interspace between the posterior sections of the vertebral bone

structures and with said proximal end positionable in the anterior
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interspace between the anterior sections of said vertebral bone structures
in order to maintain the height of the anterior interspace relative to the
height of the posterior interspace, and said conically-shaped cage body
having an outer surface and a thread formed into said outer surface;

position the fusion cage body adjacent to the anterior sections of
the vertebral bone structures;

causing said fusion cage to be inserted between the vertebral bone
structures by moving the fusion cage from (1) a position with the distal
end adjacent to the anterior section of the vertebral bone structures to {2}
a position with the distal end adjacent to the posterior sections and the
proximal end adjacent to the anterior sections of said vertebral body

structures.

91. A fusion cage (1) for promoting fusion between two spaced
apart vertebral bone structures which have posterior sections and anterior
sections with a posterior interspace defined between the posterior sections
and an anterior interspace defined between the anterior positions, and {2)
for achieving a desired lordosis as the fusion cage is implanted by urging
the fusion cage from the anterior sections toward the posterior sections
using an anterior approach, the fusion cage comprising:

a conically-shaped cage body having a proximal end and a distal
end, said distal end having a diameter which is smaller than a diameter of
said proximal end, with said distal end positionable in the posterior
interspace between the posterior sections of the vertebral bone structures
and with said proximal end positionable in the anterior interspace between
the anterior sections of said vertebral bone structures as the conically-
shaped cage body is urged using an anterior approach from an initial
position where the distal end is positioned adjacent to the anterior sections
to a final position where the proximal end is positioned in the anterior

interspace and the distal end is positioned in the posterior innerspace.

92. The fusion cage of claim 91 including:
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said conically-shaped cage body having a conically-shaped outer
surface and a thread formed into said conically-shaped outer space in
order to engage the vertebral bone structures as the cage body is inserted

from the anterior interspace toward the posterior interspace.

93. The fusion cage of claim 91 including:
said posterior end of said cage body is rounded in order to facilitate

insertion between the vertebral body structures.

94. The method of claim 30 including:
using a laparoscopic procedure to access the vertebral bone

structures and to insert the fusion cage.

95. The method of claim 90 inciuding:
said causing step distracting the anterior sections more than the
posterior sections, and for causing the vertebral bone structures to pivot

about the posterior sections.

86. The method of claim 90 including:
using a laparoscopic procedure to access the vertebral bone

structures and to insert the fusion cage,

97. The method of claim 90 including:
said causing step for distracting the anterior sections more than the
posterior sections of the vertebral bone structures, and for causing the

- \ . -
vertebral bone structures to pivot about the posterior sections.

98. A fusion cage for promoting fusion with between two spaced
apart vertebral bone structures which have posterior sections and anterior
sections and with a posterior interspace defined between the posterior
sections and an anterﬁor interspace defined between the anterior sections,

said fusion cage comprising:
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a cage body having a proximal end and a distal end, said distal end
having a diameter which is smaller than a diameter of said proximal end,
with said distal end positionable in the posterior interspace between the
posterior sections of the vertebra! bone structures and with said proximal
end positionable in the anterior interspace between the anterior sections
of said vertebral bone structures in order to maintain the height of the

anterior interspace larger than the height of the posterior interspace.
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ADJUSTABLE VERTEBRAL BODY REPLACEMENT
BACKGROUND OF THE INVENTION

The present invention concerns an implant for replacement
of one or more vertebral bodies and their adjacent disks.
More particularly, the vertebral body replacement is
particularly well suited for implantation through an anterior
approach.

The treatment of injuries to the spine has advanced
significantly since the days of the first recorded surgical
procedure for spinal cord injury in the late 7iLh Century.

The techniques, instrumentation and implants have changed
over the years and have been better adapted to address many
forms of spinal injury and deformities that can occur cdue to
trauma, disease or congenital effects. One type of spinal
deformity, a kyphosis, involves a prolapse of the vertebral
colunin towards the front of Lhe body, often caused by the
destruction of the vertebral body itself. This destruction
Can be in the form of a trauma type injury, such as a
fracture or burst injury to the vertebral body, or a
uon-traumatic deformity caused by a tumor or a degeneration
of the bone in Lhe vertebral body.

Treatment of a kyphosis in the thoracic or lumbar spine
appears now to be best achieved through an anterior approach,
particularly in order to avoid some of the more severe
complications associated with support or replacement of a
damaged vertebral body. In most treatments of a kyphosis, a
high degree of anterior reconstruction of the spine is
required, most frequently involving total removal of the
damaged vertebral body. 1In a typical anterior approach,
partial or total ablation of the vertebral body and the two
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adjacent vertebral disks is carried out. The remaining space
is then distracted to manipulate the spine to its correct
orientation.

In many cases, the space is filled with a polymerizable
paste or a bone yraft which is frequently modeled to give it
the shape of Lhe destroyed vertebral body. Frequently,
autologous bone, such as that extracted from the ilium, is
used to bridge the space. The polymerizable paste can
include a PMMA bone cement. Once the cavity remaining after
the removal of the original vertebral body has been filled,
an osteosynthesis instrument is positioned between the
adjacent unaffected vertebrae to prevent any relative
movement therebetween. The osteosynthesis device is
essential to restabilize the vertebral column, to support the
loads to which the Lhoracic or lumbar spine is exposed, and
te enhance the likelihood and quickness of union of the bone
graft material with the adjacent vertebral bodies. Once the
bone graft and material is sufficiently solid, the
osteosynthesis device normally is not subjected to any
further mechanical stresses.

A known osteosynthesis device is depicted in U.S. Patent
No. 5.108,395 to Jean-Marie Laurain, the disclosure of which
is incorporated herein by reference. This system is
illustrated in FIGS. 1 and 2 of the present application.
Referring first to FIG. 1, it can be seen that a damaged
vertebra V3 includes a destroyed vertebral body C3. An
interior implant 1 is provided for bridging between the two
intact vertebrae V, and Va4 to permit removal of the
damaged vertehra V3 and its adjacent disks D2 and D3.
The anterior implant 1 includes a pair of clamps 2 which are
engaged to the intact vertebral bodies by way of a number of
spikes 3. In addition, the clamps 2 are maintained in
position by bone screws 5 extending through screw holes 11,
lateral lugs 8 of the clamps. The implant 1 also includes a
plate 6 which is configured to span between the intact
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vertebrae and is strong enough to support the loads generated
in the spinal colwmn at that location.

Each clamp 2 includes a threaded post 12 projecting
therefrom which is configured to pass through a corresponding
opening 14 at each end of the plate 6. A nut 7 is adapted to
engage the threaded post 12 to fix the plate 6 to each of the
clamps 2. The surface of the clamps 2 include serralions 15
which mate with corresponding serrations 16 at each end of
the plate 6, Lthereby permitting differing angular
orientations of the plate relative Lo each of Lhe clamps. An
opening 9 is provided through the threaded pest 12 of the
clamps to receive another bone screw 5 for firm fixation of
the clamp with the healthy vertebral bodies V2 and Vq.

An important feature of the system described in the *395
patent is the provision of notches 18 in each of the clamps
2. 7The notches are configured Lo receive the tips of a
forceps 19 which is used to provide a distraction force
and v, As‘shown in FIG. 2,

2 4
once the clamps 2 are fixed to the corresponding intact

between the two vertebrae V

vertebrae, the forceps 19 are used to distract and permit
room for placement of a bone graft G. Once the bone graft is
in place, the anterior plate 6 can be attached to each of Lhe
clamps 2 in the manner previously described. Once the plate
is in position, the distraction forceps 19 is removed and the
nut 7 tightened tc form a rigid construct.

The anterior construct shown in the '395 patent and in
F16S. 1 and 2 of this application is one system for providing
anterior fixation with the use of autologous or allogenic
bone graft material. Other implants have been devised whicl
rely upon an additional element interposed between the
adjacent vertebra, in lieu of or in addition to the
traditional bone graft material. One such device is shown in
the patent to Harms et al. no. 4,820,305, which is sold as
the "Harms Cage" by the Biedermann-Motech Company. This
device contemplates a hollow cylindrical mesh which is
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inserted in the gap between adjacent vertebra, with bone
graft material being disposed inside the hollow interior of
tlie mesh.

The patent to Brantigan, No. 5,192,327, shows a device
similar to the "Harms Cage" which is composed of a number of
hollow oval-shaped implants within which bone graft material
is disposed. European Patent No. 0 179 695 to Kehr shows a
rigid inert body having a number of passageways extending
between the intact vertebrae into which bone growlh material
can be implanted. 1In addition, the device shown in the Kehr
European patent includes a plate spanning between the
vertebrae having holes for receiving bone screws
therethrough.

Another variety of implant devices particularly suited
for replacement of vertebral bodies include components of
generally solid construction which completely occupy the
empty vertebral space. These devices are represented by the
patents to Kapp et al., no. 4,554,914; Doty, no. 4,599,086;
Ogilvie et al., no. 4,636,217; and Downey, no. 5,147,404,
Each of these devices is provided with a spike or similar
inechanism for engaging the end plates of the intact vertebrae
to maintain the implant in position. A similar construction
is followed in the U.S. Patent 5,062,850 to MacMillan et al.,
although this device includes open space between support
columns of the axially fixed vertebral body prosthesis.

In each of the former patents, the implant device
requires separate distraction of the intact vertebrae prior
to insertion of the device. The following patents show
vertebral prosthesis which include some feature for expansion
of the device insitu. For example, the Main et al., no,.
4,932,975, and Barber no. 5,236,460 show prostheses that
telescope through the admission of a hydraulic fluid. The
patents of Rezaian, nho. 4,401,112; Wu, no. 4,553,273 and
Daher, no. 4,657,550 show devices that expand insity the
manipulation of a threaded component. 1In addition, the
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Rezaian patent shows a turnbuckle construct of this type with
the addition of a spiked plate engaged in the opposite intact
vertebrae to strengthen the construct.

In recent years, the application of anterior approaches
to instrumenting the spine has become more prevalent. As
these anterior approaches advance, it becomes of greater
necessity to provide a vertebral body replacement that meels
all of the benefits of anterior surgery without the
detriments of the several prior devices. Each of Lhe
above-mentioned vertebral body replacements suffer from one
or more disadvanlages. For instance, some of the devices do
not provide means for osteosynthesis between the intact
vertebrae. These devices lack features that can either
permit bone ingrowth or facilitate placement of bone graft
between adjacent healthy vertebrae. It is recognized that a
more permanent and stable correction of a Kyphotic condition
occurs with fusion of a bony mass in place of the replaced
vertebra. Thus, any vertebral body replacement should
accommodate this aspect. Other vertebral prosthesis offer no
means for adjusting the size of the implant to accommodate
Lhe specific vertebral anatomy. Further, other of the
devices do not contemplate some auxiliary fixation to help
provide a stable construct. Each of these needs, and many
others, are met by the vertebral body replacement according
to the present invention.
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SUMMARY OF INVENTION

The present invention contemplates a vertebral
replacement implant and assembly for fixation of the implant
in the space left by a removed vertebra between two intact
vertebrae. In one aspect, the implant includes a thin-walled
cylindrical body sized to occupy a substantial portion of Lhe
space between the intact vertebrae. The cylindrical body is
hollow with a pluraiity of apertures through the wall of the
body in communication with the interior, to permit bone
ingrowth once the implant is implanted. The opposite ends of
the cylindrical body carries continuous threads, preferably
on the cuter surface of Lhe body.

The inventive implant further contemplates a pair of
endplates having a surface directed against a corresponding
one of the intact vertebrae when the prosthesis is
implanted. The endplates each include a cylindrical portion
extending from the end surface, which portion includes
threads for mating with the threaded ends of the cylindrical
body. Preferably, the threads of the endplates are internal
to the cylindrical portion. 1In one aspect, the endplates are
themselves hollow to provide communication between the lLollow
interior of the cylindrical body and the adjacent intact
vertebrae. Alternatively, the invention contemplates the
addition of an end cap to the implant to close the end
surface of thé endplates against the adjacent vertebrae in
order to provide additional support for weak vertebrae.

Another feature of the invention resides in the provision
of means for fixing the cylindrical body to each of the
endplates to prevent unthreading of the mating threads of the
three components of Lhe }mplant. 1n one embodiment, the
means for fixing includes apertures in the threaded porlion
of the endplates which are threaded to accept a set screw.
Preferably, two set screws are threaded into Lwo such

apertures in the endplates te apply a clamping pressure
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against the cylindrical body engaged with the endplate.

In another embodiment, the means for fixing contemplates
a8 crimpable cylindrical portion of the endplates. 1n one
aspect, the cylindrical portion includes an annular ring,
dissected by a crimping notch. The application of a crimping
force around Lhe annular ring reduces the notch, and Lhereby
reduces the circumference of the cylindrical portion so it is
tightly engaged about the cylindrical body threaded therein.

Another inventive aspect resides in the provision of
means for connecting the implant to a longitudinal member
extendlng outside the space left by the removed vertebrae.
1he longitudinal member may be a plate or a rod that is fixed’
in a Known manner to the adjacent intact vertebrae.
Preferably, the longitudinal member can be used to assist in
the distraction of the intact vertebrae for insertion of the
vertebral replacement implant.

1n one embodiment, the means for connecting includes a
clamp configured to clamp onto the longitudinal member. The
Clamp supports a screw directed towards the replacement
implant when it is interposed between the intact vertebrae.
The cylindrical body of the implant includes a number of
aperltures threaded to receive the connecting screw. The
clamp is preferably slidable along the length of the
longitudinal implant to facilitate alignment of the screw
With Lhe number of threaded apertures of the cylindrical
body. 1In addition, the Clamp includes a spherical seat, and
the screw includes a spherical head to permit varying angular
orientations of the screw relative to the longitudinal mwewber.

In another embodiment, the means for connecting includes
an arm extending from a flange of the endplates. The free
end of the arm defines an opening through which the
longitudinal member extends. A set screw intersects the
opening to provide fixation of the longitudinal member to the
arm of the endplates.

One object of the present invention is Lo provide a
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vertebral body replacement implant configured to support the
space left by removal of a damayed or diseased vertebra. One
objective is to provide an implant that can be easily
adjusted to vary the overall length of the implant dependent
upon the vertebral level into which the implant is
interposed. A further objective of the inventive implant is
to permit this length adjustment yet provide means for fixing
the components Lo prevent disengagement or unthreading.

A further object is achieved by the present invention by
the provision of means for connecting the vertebral
replacement implant to a longitudinal member extending along
Lhe length of the spine between the adjacent intact :
vertebrae. The longitudinal member can be used for
distracting the space left by the removed vertebra to
facilitate insertion of the replacement implant. Yet another
object is to provide an implant that can house bone growth
material to facilitate fusion of the instrumented level.

One benefit of the vertebral body replacement of the
present invention is that it provides a strong implant to
support Lhe spinal loads while awaiting fusion of bone growth
material between the intact vertebrae. A further benefit is
that the implant can be more easily adjusted to accommodate
spaces at different vertebral levels.

OLher objects and benefits of the invention can be
gleaned from the following written description of the
invention, considered together with the accompanying figures
and claims.
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DESCRIPTION OF THE FIGURES

F1G6. 1 is an exploded perspective view of a spinal
osteosynthesis implant according to the prior art patent
5,108,395.

FIG. 2 is a view showing a portion of the view of FI1G. 1
with the addition of an instrument for permitting positioning
of a graft between the vertebrae carrying the clamps
associated with the prior device of the '395 patent.

FIG. 3 is an exploded perspective view of a vertebral
body replacement assembly in accordance with one embodiment
of the present invention.

FIG. 4 is an end elevalional view of an endplate used in
connection wilh the vertebral body replacement assenbly shown
in FIG. 3.

FIG. 5 is a side elevational view of an endplate used
wilh Lhe vertebral body replacement assembly of FIG. 3.

FIG. 6 is a perspective exploded view showing a component
of the clamp assembly used with the vertebral body
replacement assembly shown in FIG. 3.

FIG. 7 is a side elevational view of a vertebral body
replacement assembly in accordance with anolher embodiment of
the invention, particularly for use with an elongated rod
spanning the vertebral sections.

FIG. 8 is an end elevational view of the vertebral body
replacement assembly shown in FIG. 7, with the assembly shown
in position on a intact vertebra.

FIG. 9 is a side elevational view of the assembly shown
in FIG. 7 as engaged to an elongated rod.

FIG. 10 is a perspective view of the endplate used with
the vertebral body replacement assembiy shown in FIG. 7.

FI1IG. 11 is an end elevalional view of one specific
endplate used in connection with the vertebral body
replacement assembly shown in FIG. 3 in the thoracic spine.
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DESCRIPTION OF THE PREFERRED EMBODIMENTS

For the purposes of promoking an understanding of the
principles of the invention, reference will now be made to
the embodiments illustrated in the drawings and specific
language will be used to describe the same. It will
neverltheless be understood Lhat no limitation of the scope of
the invention is thereby intended, such alterations and
further modifications in the illustrated device, and such
further applications of the principles of the invention as
iliustrated therein being contemplated as would normally
occur to one skilled in the art to which the invention
relates.

Referring now to FIG. 3, a vertebral body replacement
assembly 20 is shown in accordance with one embodiment of the
present invention. The assembly 20 generally includes a
thireaded cylindrical body 21, threaded endplates 22 and end
caps 23. A set screw 24 is also provided as one embodiment
of a means for fixing each of the endplates 22 to a
corresponding end of the cylindrical body 21. 1In one
specific embodiment, the set screw 24 is a breakable locking
screw in which the head of the screw shears off when the
tightening torque limit is reached. Such a locking screw is
disclosed in co-pending French patent application No. 94 10
377, filed on August 29, 1994.

The threaded cylindrical body 21 is formed from a
cylindrical wall 25 which defines a hollow cavity 26
therein. The cavity is-configured to receive bone
osteosynthesis material, which may be in the form of
autogenous or allograph material. The cylindrical wall 25 is
provided with a plurality of aperlures 28 in communication
with the cavity 26. These aperlures provide a pallhh for bone
or tissue ingrowth to further enlhiance the stability of the
imptant. The cylindrical wall 25 includes a second plurality
of threaded apertures 29 generally in the middle of Lhe

602



WO 96/17564 PCT/US95/15654

10

15

20

25

30

35

-11-

implant, which are configured to engage the support assembly
55 as described in more detail herein.

In one important feature of the cylindrical body 21, the
opposite ends of the cylindrical wall 25 are formed into
external threads 32. in one specific embodiment, the threads
32 extend from each opposile end over most of the total
length of the threaded cylindrical body 21 and are configured
Lo engage the threaded endplates 22. Each endplate includes
a flanye 35, which preferably assumes a shape to cover a
substantial load-bearing area of the end plates of the
adjacent intact vertebral bodies. A cylinder 37 is
inteyrally formed wilh flanye 35 to extend toward the
threaded cylindrical body 21 when the endplates 22 are placed
within the excised vertebral space. The cylinder 37 of each
endplate includes a number of Lhreaded openings 39 adapted to
receive a set screw 24 therein.

The cylinder 37 and flange 35 of the endplates 22 define
a bore 40 therethrough. The inside surface of the bore 40 is
provided with internal threads 41 which are configured to
mate with the external threads 32 of the cylindrical body
21. In the preferred embodiment, the threads 41 extend along
at least the entire length of the cylinder 37 and preferably
into the flange 35.

Further details of the endplates 22 can be seen in FI1GS.
4 and 5. As shown in FIG. 5, the cylinder 37 is integrally
formed with the flange 35 to define a lordosis angle 43.

This angle is intended toc permit use of the vertebral body
replacement assembly 20 to replace a damaged vertebra, such

as vertebra V, shown in FI1G. 1, and still maintain the

normal lordotgc curvature of the spine at that level. The
end face 36 of the flange 35 is provided with vascularization
apertures 45 extending through the flange. These apertures
45 are intended to provide an avenue for vascularization of
the space between the adjacent vertebrae. The end face 36

Can be provided wilh four spikes, such as spikes 91 shown in
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the embodiment of FIG. 7. Alternatively, spikes 120 (FIG. 3)
can be provided Lhat include a Lhreaded stem 121 to be
engaged in Lthreaded apertures 46 defined in end face 36. In
either case, the spikes (91, 120) are configured to penetrate
the end plate of Lhe adjacent vertebra to help maintain the
position of the implant in situ.

The end face is further provided with a mounting slot 47
passing across the flange 35 and spanning along a chord of
the internal bore 40. Within each mounting slot is an
aperture 48 passing therethrough. The cylinder 37 of the
endplate 22 is provided with a mounting notch 4% that is
aligned with each aperture 48 in the mounting slot 47. This
slot 47, aperture 48 and notch 49 are configured to support
an end cap 23, as herein described. Referring back to FIG.
3, the end cap 23 includes a generally rectangular support
bar 50 which is mounted to span across a chord of the flat
circular plate 52 of Lhe end cap. At each end of the support
bar 50 is an outwardly projecting lug 51. Each iug 51 is
sized to be received within a corresponding aperture 48,
while the support bar 50 is itself configured to fit within
the mounting slot 47 in the flange 35. Further, each luy 51
slides conveniently into a corresponding mounting notch 49 in
the cylinder 37. 1In this manner, the end cap 23 is held in
position, particularly when the replacement body assembly is
disposed between the adjacent intact vertebrae v2 and V4.

The end cap 23 provides addilional support for the
implant between the adjacent intact vertebrae. The end cap
can be eliminated if bone growth between the adjacent
vertebrae and through the replacement body is preferred.
Alternatively, the plate 52 of each end cap 23 can be
perforated to permit bone ingrowth between the vertebral end
plates and the bone growth material disposed within the
thireaded cylindrical body 21. In the preferred embodiinent,
the endplates are shown solid to provide the maximum load
bearing capability for loads along the length of the

verlebral column.
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In the illustrated embodimenl, the Lhreads 32 on Lhe
cylindrical replacement body are external threads, while the
threads 40 in the endplates are internal. Alternatively, the
cylinder 37 of the endplates can carry external threads and
the cylindrical replacement body carry internal threads in
the cavity 26. 1In this latter instance, the inner diameter
of the cylindrical body would naturally be slightly greater
than the outer diameter of the cylinder of the endplates.

In the preferred émbodiment, the cylindrical wall forming
the implant 21 can be telatively thin, when compared ayainst
replacement bodies of the prior art. 1In one specific
embodiment, the wall i5 one (J) mm. thick. Since the primary
load endured by the implant will be axial compression, rather
than bendinyg, a thin-walled cylinder is appropriate and even
desirable.

1t is also preferred that the implant 21 include a large
number of aperltures 28, 29 to promote Lissue ingrowth and
vascularization, thereby enhancing Lhe stability of the
construct afler fusion has occurred. In one specific
embodiment, the total area of tLhe plurality of apertures is
at least twenty five percent (25%) of the surface area of the
cylindrical body 21.

In use, the damaged vertebra, such as vertebra V., shown

in FIG. 1, is removed. 1In one embodiment, the clampg 2 of
the interior implant 1 shown in FIGS. 1 and 2 are engaged to
the intact vertebral bodies in the manner shown in FIG. 2.
Also shown in FIG. 2, the forceps 19 can be used to distract
the intact vertebrae to permit implantation of a vertebral
body replacement assembly 20. In the preferred melthod, the
optimum vertebral height is determined and the thireaded
cylindrical body 21 and threaded endplates 22 are fitted
together to achieve Lhat proper height. Specifically, each
of the end caps can be threaded onto the threaded cylindrical
body 21 until the desired height is attained.

1t is important that the bottom edge 44 of the flange 35
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of each of the endplates be generally oriented in the same
way between the two threaded endplates 22. This orientation
is important because the replacemeunt assembly 20 will be
disposed between the two intact vertebrae, bearing against
the end plates of those vertebrae. 1In order to maintain the
maximum load bearing capability, the flanges 35, and
particularly the end face 36, assume the shape of the
vertebral body against which the endplates bear and are sized
to occupy as much area of Lhe intact vertebral body end plate
as possible.

Preferably, three such shapes are provided to accoumodate
the anatomic variations of the vertebral bodies at the
lumbar, thoraco-lumbar and thoracic levels. the
configuration of the flange 35 shown in FIG. 4 is applicable
to the thoraco-lumbar vertebrae. A smaller, more rounded,
configuration can be provided for implantation at the
thoracis level, such as the flange 35' shown in FIG. 11. The
flange 35' is also shown as including & relief radius 38 to
increase the clearance between the flange and the dural space
housing the spinal cord. This relief radius 38 is preferably
included in all three shapes of the endplate flanges.

In one specific embodiment, the external threads 32 on
the threaded cylindrical body 21 are cut in opposite
directions so that the endplates can be drawn together or
apart by rotating only the cylinder. Thus, as the cylinder
is rotated in one direction, the threads 32 at each of the
ends engage the internal threads 41 of each of the end caps
23 in the right direction to draw the end caps togelher.
Alternatively, the handedness of the threads 32 can be the
same at each end so that it is necessary to individually
thread each end cap in opposite directions onto the
cylindrical body 21. The disadvantage of this arrangement is
that it is more @ifficult to adjust the height of the total
assembly 20 while maintaining the proper orientation of each
of the lower edyes 44 of the end face 36. An advantage is
that insitu the assembly is unable to unthread itself.
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Once the endplates and threaded cylindrical body have
been engaged in the proper orientation for the correct
heighl, the set screws 24 are Lhreaded into an appropriate
one of the threaded openings 39 in the cylinder 37 of the
endplates 22, in order Lhat the set screw 24 extend into
contact with the threaded cylindrical body 21. The set
screws 24 (which can be the breakable locking screws
mentioned above) exert a clamping pressure againsl the body
21 to hold it in place. Thus, the set screws 24 provide a
means for fixing the components together and prevent rotation
of the cyliﬁdrical body 21 with respect to either of Lhe
endplates 22. Freferably, two set screws are used at each
endplate 23 to firmly fix the associated ends of the threaded
cylindrical body 21. To ensure that Lhe set screws 24
achieve firm purchase on the body 21, the apertures 28 in the
threaded body have a smaller diameter than the set screws 24.

With the cylinder and endplates thus fixed at their
proper height dimension, bone graft material can then be
inserted into the bore 40 of the endplates and cavity 26 of
the cylindrical body 21. After the interior of these
components has been completely filled with bone graft
material, the endplates 23 are placed in position with the
lugs 51 extending through apertures 48, and with support bar
50 passing through mounting slot 47 in each endplate. The
replacement assembly 20 can then be disposed between the
distracted vertebrae V2 and Vq. Once the assembly is
properly positioned with the end faces 36 of each of the
endplates 22 properly oriented on the vertebral end plates,
the distraction forceps 19 are removed so that the assembly
20 is clamped in place between the two vertebrae.

1n order to further ensure that the replacement assembly
20 will not migrate or slip in its position between the
intact vertebrae, a support assembly 55 may be provided. 1In
the preferred embodiment, this support assembly 55 is
configured to mate with the clamps 2 used with the anterior
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implant system of the prior art shown in FIGS. 1 and 2. The
support assembly 55 can also be used with other anterior
plates, such as the Z-PLATE ATL* sold by Danek Medical,
inc., or rod systems such as the CD Hopf System of Sofamor,
S.N.C.

1n particular, the support assembly includes a

stabilization plate 57, which can be configured substantially

similar to the plate 6 shown in FIG. 1, including the
serrations on the bottom face of the ends of the plate.
Means for connecting the vertebral replacement body assembly
20 to the plate 57 includes a clamp assembly 5% is provided
which firmly grips the plate 57 to suppert a locking screw
69. The clamp assembly 59 includes a pair of clamp halves 60
which are preferably in Lhe shape of a C to yrip and support
the plate 57. Each of the clamp halves 60 include an
aperture (not shown) which receives a threaded rod 63 of an
adjustment plate 62. A nut 64 is threaded on the rod 63 to
draw the clamp halves 60 together about the stabilization
plate 57.

The details of the adjusitmeunt plate 62 are shown more
clearly in FIG. 6. The adjustment plate includes the
threaded rod 63 extending from a face 65 of the plate 62.

The plate 62 also includes an aperture 67 therethrough having
a spherical seat surface 68 into which 3 corresponding
spherical head 70 of the locking screw 69 is received. The
locking screw 69 includes a hex recess 71 in its head to

" accept a driving tool. The locking screw 69 also includes a

threaded shank 73 which is adapted to engage one of the
threaded apertures 29 in the threaded cylindrical body 21.
To help guide the locking screw 69 into position, a guide nub
75 is provided having a smaller diameter than the Lthreaded
shank 73. The locking screw 6% preferably includes smooth
shank 74 between the head 70 of the screw and the threaded
shank 73.

In use, the clamp halves 60 can be tentatively attached
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but not clamped to the stabilizalion plate 57. The
stabilization plate 57 can then be engaged to the clamps 2 in
each of the intact vertebral bodies and fixed in place by a
corresponding nut, such as nut 7 shown in FIG. 1. With the
stabilization plate 57 thus attached between the distracted
vertebrae, tLhe distraction forceps 1Y can be removed so that
the full load of tLhe spinal column can be borne by the
replacement assembly 20. Ouce the distraction forceps have
been removed, the clamp halves GO can be adjusted along the
length of the plate 57 so that the locking screw 69 is
aligned wilh an appropriate one of Lhe threaded apertures 29
in the threaded cylindrical bedy 21. The spherical contact
between the head 70 of the locking screw 69 and the spherical
seat 68 of the adjustment plate 62 allows the locking screw
to assume whatever angle is necessary to engage a threaded
aperture 29. As so aligned, the locking screw 69 can Lhen be
easily threaded into one of Lhe apertures 29 unlil it is
locked between the adjustment plate 62 and the threaded
eylindrical body 21. At this point then, the clamp halves 60
can be fully clamped onto the plate 57 by tightening the nut
64 on Lhe threaded rod 63.

In another embodiment of the invention, a vertebral body
replacement assembly 80 is configured for connection to an
elongated distraction or compression rod. In this
embodiment, the assembly 80 includes opposite endplates 83
which are configured to threadedly engage a cylindrical body
21. (This cylindrical body 21 is substantially identical in
all respects to the cylindrical body 21 described with
respect to FIG. 3). With this embodiment, the endplates 83
include a flange 85 and a cylinder 87 projecling therefrom.
The cylinder 87 includes a threaded bore 88 which is threaded
to accept the external threads 32 of the cylindrical body
21. Like the prior endplates, the endplate 83 includes a
plurality of vascularization apertures 8Y formed through the
tlange 85. The end face 86 of the flange 85 includes a
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number of spikes 91 projecting therefrom. The spikes are
configured to penetrate the end plate of the adjacent
vertebral bodies to help maintain the position of the implant
tn situ .

As shown in FIGS. 7 and 8, the endplates 83 include an
arm 94 projecting from the flange 85, which is a component of
a means for connecting the implant to a longitudinal member,
such as rod 105. A rod bore 95 is defined adjacent the free
end 94a of the arm 94, with a set screw bore 96 intersecting
the rod bore 95 from the free end of the arm 94. A set screw
98 is provided which is engaged within the set screw bore 96
to clamp a rod passing Lherethrough.

The manner of using the replacement assembly 80 in this
embodiment is shown in FIGS. 8 and 9. 1In particular, the
endplates 83 are engaged in the appropriate vertebrae by way
of spikes 91. Again, the plates are configured to define an
angle 115 to correspond to Lhe proper spinal anatomy at the
particular vertebral level. A distraction plate 107 is
mounted into each of the intact vertebrae by way of bone
screw 108. The plate 107 includes a collar 109 integrally
formed thereon through which a distraction rod 105 passes.
The distraction rod also extends through each of the rod
bores 95 in the arms 94 of the endplates B83. With the rod
extending through each of the bores, the set screws 98 fix
the endplates in position. Distraction of the adjacent
vertebrae can be achieved by an appropriately formed
instrument that can engage the collars 109 of each of the
distraction plates 107 mounted into the respective
vertebrae. A set screw (not shown) can be provided to fix
Lhe rod 105 within each collar 109.

Referring to FIGS. 7, 9 and 10, details of the manner in
which the endplates are fixed to the threaded cylindrical
body is described. In particular, the endplates B3, and
particularly the cylinder 87 of the endplates, is provided

with a a3 means for fixing in the forwm of a crimping channel

610



WO 96/17564 PCT/US95/15654

10

15

-19-~

100 around the diameter of the cylinder. At opposite sides

of the cylinder, a crimping notch 101 is provided in the
channel 100. In essence, this crimping notch is a gap in the
outer circumference of the channel 100. This criwmping notch
provides a gap which can be closed by an appreopriate crimping
tool gripping the entire circumference of the crimpiny
channel 100. As the crimping tool is tightened, the notches
101 close as the channel moves together in the direction of
the arrows 102. 1t can be seen that this crimpiny aspect
will replace the set screw 24 disclosed with the previous
embodiment for fixing the endplates to the threaded
cylindrical body.

While the invention has been illustrated and described in
detail in the drawings and foregoing description, the same is
to be considered as illustrative and not restrictive in
character, it being understood that only the preferred
embodiments have been shown and described and that all
changes and modifications that come within the spirit of the
invention are desired to be protected.
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What is claimed is:

1. A vertebral replacement implant for interposition in
a space left by one or more removed vertebrae between
adjacent intact vertebrae, comprising:

a replacement body with opposite ends sized to span a
portion of the space between the intact vertebrae, said
replacement body having first threads defined thereon at each
of said opposite ends; and

a pair of endplates each having an end surface for
contacting a respective one of the intact vertebrae when the
implant is interposed in the space, each of said endplates
having a cylindrical portion iutegrally extending from said
end surface, said cylindrical portion having second threads
defined thereon confiqured to threadedly engage the first
threads on said replacement body, each of said endplates
further defining a bore therethrough opening at said end
surface and at said cylindrical portion.

2. The vertebral replacement implant according to claim
1, wherein said replacement body includes a cylindrical wall
defining a hollow interior, said cylindrical wall defining a
plurality of apertures therethrough, said apertures being in
communication with said hollow interior of said replacement
body to facilitate tissue ingrowth into said replacement body.

3. The vertebral replacement body according to claim 2,
wherein said cylindrical wall defining said replacement body
has a surface area and said plurality of apertures define an
effective area greater than twenty five percent (25%) of said

surface area.
q. The vertebral replacement implant according to claim

2, wherein the hollow interior of said replacement body is
open at said opposite ends.

612



WO 96/17564 PCT/US95/15654

10

15

20

25

-21-

5. The vertebral replacement implant according to claim
1, wherein said replacement body includes a cylindrical wall
defining a hollow interior and is open at said opposite ends.

6. The vertebral replacement implant according to claim
5, wherein each of said endplates defines a bore therethrough
opening at said end surface and at said cylindrical portion.

7. The vertebral replacement iwplant according to claim
6, wherein said first threads on said replacement body are
external threads and said second threads on said cylindrical
portion of said pair of endplates are internal threads.

8. The vertebral replacement implant according to claim
1, further comprising an end cap for closing said bore of one
of said endplates at said end surface thereof, said end cap
having means for supporting the end cap on the endplate.

9. The vertebral replacement implant according to claim
1, wherein said first threads on said replacement body are
external threads and said second threads on said cylindrical
portion of said pair of endplates are internal threads.

10. The vertebral replacement implant according to claim
1, further comprising means for fixing said replacement body
to each of said endplates to prevent unthreading of said
first and second threads.

11. The vertebral replacement implant according to claim
10, wherein said means for fixing includes:

a number of openings defined in said cylindrical portion
of each of said pair of endplates; and

a member extendable thiough one of said number of

apertures into contact with said replacement body.
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12. The vertebral replacement implant according to claim
11, wherein: '

said member is a set screw; and

said@ number of openings is threaded to receive said set

screw in Lhreaded engagement.

13. The vertebral replacement implant according to claim
11, wherein said number of openings are defined in said
endplates at said second threads.

14. The vertebral replacement implant according to claim
1, wherein each of said endplates includes a flange defining
said end surface, said flange extending radially outwardly
from said cylindrical portion and defining a shape generally
corresponding to the shape of a portion of the intact
vertebra ayainst which the endplate is in contact.

15. The verlebral replacement implant according to claim
14, wherein said flange defines a number of vascularization
apertures therethrough.

16. The vertebral replacement implant according to claim
15, wherein:
said end cap includes;
a plate shaped to correspond to said bore opening in
said endplate; and
a support bar attached to said plate; and
said endplate includes a slot defined at 3aid end surface
for receiving said support bar so that said plate of said end
cap resides flush with said end surface of said endplate.

17. The vertebral replacement implant according Lo claim

10, wherein:

said cylindrical portion of each of said endplates has a
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length projecting from said end surface; and

said means for fixing includes a crimping notch formed
along a portion of said length of said cylindrical portion,
said cylindrical portion being deformable at said crimping
notch to close said notch and thereby reduce the
circumference of said cylindrical portion about said
replacement body when said body is threadedly engaged to said
endplate cylindrical portion,

18. The vertebral replacement implant according to claim
1, wherein each of said pair of endplates includes a number
of spikes projecting from said end surface for implantation
in a corresponding one of the adjacent intact vertebrae.

19. The vertebral replacement implant according to claim
18, wherein:

said end surface of each of said pair of endplates
defines a number of threaded apertures therein; and

each of said number of spikes includes a Lhreaded post
configured for engagement with said threaded apertufes in
said end surface of each of said endplates.

20. The vertebral replacement implant according to claim
1, wherein said cylindrical portion of each of said endplates
extends from said end surface at a non-perpendicular anyle,
said angle corresponding to the curvature of the spine at the
space left Ly the removed vertebra.

21. The vertebral replacement implant according to claim
1, wherein each of said endplates includes a flange defining
said end surface and extending outwardly from said
cylindrical portion, said flange including an arm projecting
away from said cylindrical portieon, said arm having a free
end configured to extend beyond the adjacent intact vertebrae
for engagement to a longitudinal member disposed along the
length of the spinal column.
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22. The vertebral replacement implant according to claim
21, wherein said arm defines a bore at said free end for

receiving the longitudinal member therethrough.

23. An assembly for fixation of adjacent intact
vertebrae following removal of an intermediate damaged
vertebra, comprising:

a vertebral replacement implant including:

a replacement body wiLh opposite ends sized to span

a portion of a space leflt by the removal of the damaged

vertebrs, said replacement body having first threads

defined thereon; and
a pair of endplates each having an end surface for
contacting a respective one of the intact vertebrae when
the implant is interposed in the space, each of said
endplates having a cylindrical portion integrally
extending from said end surface, said cylindrical portion
having second threads defined thereon configured to
threadedly engage the threads on said replacement body;
an elongated longitudinal wmember sized to span between
and fixedly engage the adjacent intact vertebrae outside the
space left by the removal of the damaged vertebra; and

means for connecting said vertebral replacement implant

to said longitudinal member.

24. The assembly for fixation of adjacent intact
vertebrae according to claim 23, wherein:
said replacement body defines a number of threaded
openings; and
said means for connecting includes:
a clamp for clamping said longitudinal member; and
a screw altached to said clamp, said screw having
threads for engaging one of said number of threaded
openings and having a length sufficient for said screw to
engage said replacemenl body when said clamp is engaged
to said longitudinal member.
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25. The assembly for fixation of adjacent intact
verlebrae according to claim 24, wherein:

said clamp includes a plate, said Plate defininy an
aperture having a spherical seat; and

5aid screw includes a spherical head configured for
engagement within said spherical seat.

.26. The assembly for f{ixation of adjacent intact
vertebrae according to claim 22, wherein:

each of said endplates includes a flange defining said
end surface and extending outwardly from said cylindrical
portion; and '

53aid means for connecting includes an arm integral with
said flange and projecting away from said cylindrical
portion, said arm having a free end configured to extend
beyond the adjacent intact vertebrae for engagement to the
longitudinal member.

27. The assembly for fixation of adjacent intact
vertebrae according to claim 26, wherein:

said arm defines a first bore at said free end for
receiving the longitudinal member therethrough and a set
screw bore at said free end intersecting said first bore; and

said means for connectinyg includes a set screw for
threading into said set screw bore, said set screw having a
tip for engaging a longitudinal member extending through said
first bore.

28. A vertebral replacement implant for interposition in
the space left by a removed vertebra between adjacent intact
vertebrae, comprising:

a replacement body with opposite ends and having a length
sized to span a portion of the space between the intact

vertebrae;
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a pair of endplates each having an end surface for
conltacting a respective one of the intact vertebrae when the
implant is interposed in the space, each of said endplates
having an engagement portion integrally extending from said
end surface; and

means between said opposite ends of said replacement body
and said engagement portion of each of said endplates for
engaging said endplates to said replacement body at variable
positions along the length of said replacement body.

29. The vertebral replacement implant according to claim
28, wherein said means for engaging includes mating Lhreads’
defined on said opposite ends of said replacement body and

eacli of said endplate engagement portions.

30. The vertebral replacement implant according to claim
28, further comprising means for fixing said replacement beody
Lo each of said endplates to prevent disengagement of said
means for engaginy.

31. A vertebral replacement implant for interposition in
the space left by a removed vertebra between two intact
vertebrae, comprising:

a thin-walled cylindrical body defining a hollow
interior, the wall of the cylindrical body defining a
plurality of apertures having a cowbined area at least equal
to twenty-five percent (25%) of the outer surface area of the
body, said body having opposite ends with continuous threads
formed at each of said opposite ends; and

a pair of endplates, each endplate formed by a flange
defining an end surface for contaclting a respeclive one of
the intact vertebrae when the implant is interposed in the
space, and each endplate further including a cylindrical
porlion integrally projecting from said flange, saiad
cylindrical portion defining a continuous thread for
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engagement with the threads at the opposite ends of said
thin-walled cylindrical body, each of said endplates defining
a8 bore therethrough to communicate with the hollow interior
of said thin-walled cylindrical body when said body is
threadedly engaged with the endplate.

32. The vertebral replacement implant according to claim
31, wherein:

-said cylindrical portion of each of said endplates has a
lenglh projecting from said end surface; and

said cylindrical portion defines a crimping notch formed
along a portion of said length of said cylindrical portion,
said cylindrical portion being deformable at said crimping
notch to close said notch and thereby reduce the
circumference of said cylindrical portion about said
cylindrical body when said body is threadedly engaged to said
endplate cylindrical portion,

33. The vertebral replacement implant according to claim
2, wherein some of said plurality of apertures extend through
said first threads of said replacement body.

34. The vertebral replacement implant according Lo claim
7, wherein said replacement body includes a cylindrical wall
defining a hollow interior, said cylindrical wall defining a
plurality of apertures therethrough, said apertures being in
communication with said hollow interior of said replacement
body to facilitate tissue ingrowth into said replacement
body.

35. The vertebral replacement implant according to claim

34, wherein some of said plurality of apertures extend

thirough said external Lhreads of said replacement body.
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{57) Abstract
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An implant including a pair of screws (2) for
screwing into respective vertebral facets (3), a pair of
hooks (5) each consisting of a2 body (6) and a blade (7),
said body having a through-bore for the screw, and said
bore having a Jongitudinal axis at a suitable angle to the
central longitudinat plane of the blade (7) such that the
hook blade can suitably engage the posterior arch (9),
2 resilient connecting member (11) for holding apart
the two screws and urging the blades (7) against the
edges of the posterior arch, and nuts (23) for locking
the connecting member and the hooks to the screws.
Said implant takes up less space on the posterior side
than known implants and thus avoids undesirable lumps
under the skin, and the above-mentioned angular offset
enables the hooks to engage a suitable area on the edges
of the posterior arch, so that the surgeon is not required
1o perform preliminary cutting of the posterior arch.

(57) Abrégé

Cet implant comprend une paire de vis (2) des-
tinées & étre vissées chacune dans une facette vertcbrale
(3). une paire de crochets (5) constitués chacun d'un
corps (6) et d’une lame (7), Ie corps étant percé d’un
alésage de passage de la vis, dont I'axe longitudinal forme avec un plan longimdinal médian de la lame (7) un angle approprié pour permettre
un appui convenable de la Jame du crochet sur 1'arc postérieur (9), un organe (11) de lizison €lastique agissant en distraction entre les deux
vis, ct appliquant les lames (7) contre les bords de I'arc postérieur, et des écrous (23) de blocage de I"organe de liaison et des crochets sur
tes vis. Cet implant présente un encombrement postéricur 76duit par rapport aux implants connus et évite donc ainsi des saillies génantes
sous la peau, et, grice au décalage angulaire précité, les crochets peuvent prendre appui sur une zone adéquate des bords de I'arc postérieur
sans qu’il soit nécessaire au chirurgien de tailler au préalable I'arc postérieur.
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Inplant pour le traitement chimurgical d'une fracture

isthmique vertébrale”.

La présente invention 2 pour objet un implant pour
le traitement chirurgical d'un: fracture isthmique verté-
brale. Plus précisément 1l'invention concerne le traitement
chirurgical du spondylolisthésis du premier degré et de la
spondylolyse par fracture isthmique.

S5i cette anomalie rachidienne est trés souvent
découverte chez de jeunes patients dont la moyenne d'age
est de 11,5 ans et dont le pourcentage de cas le plus
€levé (environ 73%) se trouve chez les jeunes filles, ce
méme traitement se rencontre aujourd'hui €galement chez
les adultes. Ainsi, il est estimé que 5 & 7% de la popu-
lation blanche présente une spondylolyse affectant le plus
souvent la vertébre LS, parfois L4 ou L3, et avec un
listhésis dans seulement 60% des cas.

Il est généralement aujourd'hui admis que la
spondylolyse est la conséquence d'une surcharge mécanique
de l'isthme avec fracture de fiatigue secondaire. Au stade
préliminaire de cette évolution, on rencontre assez
souvent bne sclérose de 1'isthme comme signe prémonitoire
de la spondylolyse.

Cette surcharge résulte de deux mécanismes :

1 -Une hyperlordose (fonctiomnelle, acquise ou congéni-

tale) conduisant & un effet "casse-noisette” par hyper-

pression du processus articulaire cranial sur 1'isthme, la

fréquence de la spondylolyse dans les disciplines spor-

tives conduisant & une hyperlordose (en particulier les

gymnastes).

2 - La spondylolyse se rencontre aussi en 1'absence d'une

hyperlordose et est due, dans ce cas, & une anomalie de
développement de la région isthmique : l'angle formé par
la direction de la colonne articulaire inférieure de L5
par rapport au plan postérieur du corps vertébral est en
moyenne de 168° & la naissance et de 145° chez 1'adulte
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européen. Il arrive qgue cette incurvation de 18 & 28°
se produise pas en cours de développement.

ne
Il en résulte

également un effet de "casse-noisette" de 1la part du

processus articulaire proximal.

De fait, tant que cette surcharge articulaire
existe sur 1'isthme, cette fracture ne peut se consolider
spontanément (pseudarthrose) et peut entrainer des dou-
leurs lombaires, parfois sciatiques ou neurales par
compression des éléments nerveux par le tissu au contact
de la pseudarthrite. La fracture nécessite alors un
traitement chirurugical au stade de la pseudarthrose.

Préalablement & toute intervention chirurgicale,
un traitement probatoire doit étre effectué. Les diffé-
rents traitements possibles sont les suivants : physio-
thérapie, thérapeutiques médicamenteuses, infiltrations
logales, gymnastique lombaire, corset. Cependant, malgré
ces traitements certains cas demandent une indication
opératoire.

On connait actuellement Plusieurs techniques de
réparation isthmique associant une greffe osseuse et une
instrumentation qui sont les suivantes :

- La premiére technique consiste a reconstruire la
rupture des isthmus en insérant une vis dans la fracture.
Ce procédé présente I'avantage de la simplicité, mais
aussi dés inconvéhients sérieux : la vis diminue 1l'inter-
face osseuse au niveau de 1a rupture, ce qui peut conduire
4 un nombre important de pseudarthrose. De plus, il exige
une immobilisation externe post-opératoire avec port 4'un
corset par le patient et enfin on observe des ruptures des
vis.,

- La seconde technique consiste a combiner les vis
avec des fils métalliques qui retiennent les transverses
avec les lames postérieures. On réalise ainsi une fixation
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Plus stable, améliorant la quérison des ruptures. En
revanche, ce procédé est compliqué et ne permet pas
d’'éviter des ruptures de vis. Chez 1'adulte, 1la plupart
(90%) des interventions faites sur lyse isthmique sont
actuellement des arthrodéses plus ou moins étendues selon
l'état des disques. Ceci signifie qu'on réalise des appuis
sur les deux vertébres voisines de la vertébre fracturée,
ce qui constitue un inconvénient évident puisque ces
vertébres ne sont pas endommagées.

- Selon une autre technique connue, 1l'isthmus est
reconstruit par une vis inséréc dans la fagade supérieure
et par un crochet positionné sur la lame de 1'arc vertée-
bral, la vis et le crochet étant dans le méme plan médian
général. Un ressort hélicoidal est enfilé sur la vis
derriére le crochet et mis en compression contre le
crochet par un écrou, un second écrou vissé contre le
premier assurant un contre blocage pour s'opposer a tout
desserrage du premier écrou. Deux dispositifs identiques
sont ainsi montés sur les facettes et les bords corres-
pondants de 1'arc postérieur de la vertébre.

On obtient ainsi une fixation qui, quoique de
volume relativement réduit, reste encore assez encombrante
par la saillie en arriére de ]'arc postérieur constituée
par les deux écrous, le crochet et le ressort. Ces parties
saillantes se traduisent par des proéminences génantes
sous la peéu au niveau des épineuses. Ces proéminences
sont accentuées par le fait gue le corps du crochet est
positionné en appui sur 1'arc postérieur relativement preés
de 1'épineuse.

Un second inconvénient de ce type d'implant
provient du fait que la compression du ressort n'est pas
maitrisée par le chirurgien, ce qui signifie que celui-ci
peut comprimer trop ou pas assez ce ressort. Dans tous les
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cas, le ressort applique une charge axialement sur le
crochet, qui presse les deux parties fracturées 1'une
contre 1l'autre. Lorsque la soucure de ces deux parties est
terminée, le crochet ne peut plus étre déplacé par 1la
poussée du ressort et est donc bloqué. Par contre le
ressort reste toujours comprimé et applique donc sa charge
sur les écrous, ce qui & la longue provoque un arrachement
de la vis de 1'os de la facette, dO & une poussée axiale
du dit ressort sur la vis de sorte que la vis recule. En
fait la vis recule alors de deux fagons, d'une part sous
l'effet du ressort, et aussi parce qu’'elle est libre en
rotation, ce mouvement de rotation étant provoqué par les
vibrations dans 1le corps du patient au cours de sOon
activité. La vis tend alors a sortir Plus ou moins complé-
tement de la facette de la vertébre, de sorte que 1la
fracture du patient est ressoudée, mais avec une vis qui
n'est plus maintenue en place et va donc se déplacer de la
distance nécessaire a la décharge du ressort. Il peut en
résulter une saillie importante au niveau de la peau du
patient, qui nécessite une seconde intervention chirurgi-
cale pour enlever l'implant.

La vis peut du reste i galement reculer alors que
la soudure des deux bords de la fracture n'est pas ter-
minée, en fonction de 1la re51stance plus ou moins grande
des vis & 1'arrachement.

Pour réduire ce risque, le chirurgien impose au
patient de ne pas s'asseoir pendant 3 mois ce qui néces-
site un lit médical surélevé et une rehausse de toilette
a domicile tout en portant ur. corset., Chez 1l'enfant ce
type d'intervention se révéle assez satisfaisant, mais par
contre de nombreux échecs sont rencontrés chez les adultes
€n raison des efforts appliqueés.

Un autre inconvénient de cette technique connue
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réside dans le fait que le chirurgien est obligé de
tailler l'arc postérieur pour offrir une surface d'appui
suffisante au crochet, & l'emplacement prévu pour celui-
ci. En effet, a cet endroit, 2t & défaut d'une entaille
appropriée , l'arc postérieur n'offrirait pratiquement
qu'une zone d'appui limitée4a un angle du crochet.

Enfin une autre technique connue dite "Cp"
(Cotrel-Dubousset), consiste a reconstruire l'isthmus par
une vis insérée dans le pédicule et un crochet positionné
sur la lame de 1'arc postéricur, la vis et le crochet
étant reliés par une tige. Ce montage est tres stable,
mais présente l'inconvénient &'étre relativement volumi-
neux, compliqué et onéreux.

L'ihvention a donc pour but de proposer un implant
agencé de maniére a éviter les inconvénients des différen-
tes réalisations Ci-dessus, notamment ayant un encombre-
ment postérieur réduit.

Conformément a 1'invention, 1'implant pour 1le
traitement chirurgical d'une fracture isthmique vertébrale
comprend :

- un premier sous-ensemble et un second sous-
ensemble comportant chacun un élément adapté pour étre
fixé a uné partie antérieure de la vertébre fracturée d'un
cété d'une épineuse de cette vertébre, et un organe adapté
pour étre fixé & une partie postérieure de la vertébre,
cet organe étant associé a 1'élément précité, et les deux
sous-ensembles étant orientés suivant des axes divergents
de part et d'autre de 1'épineuse, '

- un organe de liaison entre lesdits premier et
second sous-ensembles, monté do maniére a pouvoir rappro-
cher 1l'un de 1l'autre ledit élément et ledit organe de
chaque sous-ensemble,

- et chaque sous-ensemble est pourvu de moyens de
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retenue aptes a éviter la dissociation desdits éléments et

desdits organes adaptés pour étre fixés a

une partie
postérieure de 1la verteébre.

Selon un mode de réalisation de l'invention, 1l1'or-

gane de liaison est élastique, et agencé pour développer

Sur lesdits éléments des forces de distraction dirigées

suivant les directions axiales des éléments et qui tendent-

8 appliquer contre le bord d'un are postérieur lesdits
organes fixés a ladite partie postérieure de la vertébre.

Suivant un mode de r2alisation préfére lesdits
€léments destinés 8 étre fixés a 1a Partie antérieure de

la vertébre sont des vis adaptées pour étre vissées dans

les facettes vertébrales, lesdits Organes destinés a étre

fixés a une partie pPostérieure de 1la vertébre sont des
Crochets monopiéce comprenant chacun un Corps et une lame,

le corps étant percé d’'un alésage de pPassage de la visg

associée, et l'alésage du corps des crochets a un axe

longitudinal qui forme avec un pPlan longitudinal médian de

la lame un angle approprié pour permettre un appui conve-
nable de la lame 4du Crochet sur un bord cor

respondant de
l'arc postérieur de 1la vertébra,

Le fait de décaler angulairement 1'axe longitu-

dinal de la vis par rapport au plan longitudinal médian de

la lame du crochet permet d;écarter de 1'&pineuse la zone

d'appui de cette lame sur l'arc postérieur.

Compte tenu de
1|

anatomie de l'arc postérieur du patient
ainsi une surface d'appui

on obtient
convenable pour la lame du

crochet sans devoir entailler 1'arc postérieur, ou, le cas

échéant, en l'entaillant tres légérement, ce qui constitue

un avantage important Par rapport & une des réalisations
connues rappelées ci-dessus.

Par ailleurs, le fait de prévoir une liaison

élastique entre les deux vis Par un organe de liaison
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agissant en distraction permet avantageusement, compte
tenu en outre du fait que les deux vis sont orientées dans
des directions divergentes, d'appliquer sur chaque cro-
chet, par les extrémités de cew: organe de liaison compri-
mé, des forces axiales aux vis et dirigées vers les
facettes supérieures de la verwébre. Ces forces maintien-
nent fermement les lames des crochets appliquées sur 1'arc
postérieur. .

Suivant un mode de réalisation de l'invention,
l'organe de liaison élastique 4 une forme sensiblement en
double oméga ou en M a sommets arrondis, reliés par un
raccord central arrondi autorisant le logement de 1'épi-
neuse d'une vertébre supérieure adjacente, et les extrémi-
tés de cet organe de liaison sont constituées par des
embouts ayant un profil complémentaire de celui de 1la
partie correspondante'de chaqua vis.

Ainsi le profil de cet organe de liaison formant
une lame élastique, lui permet de venir s'insérer entre
les épineuses de deux vertébres successives sans les
toucher. D’autre part, ces embouts terminaux s'opposent a
toute rotation des vis autour de leur axe, donc & tout
recul de ces vis par rotation, grace au profil conjugué
des embouts et des zones d'appui correspondante des vis.

D’autres particularitis et avantages de 1l'inven-
tion apparaitront au cours de la description qui wva
suivre, faite en référence aux dessins annexés qui en
illustrent une forme de réalisition & titre d'exemple non
limitatif.

La figure 1 est une vue en perspective a échelle
agrandie d'une vertébre équipée d’'une forme de réalisation
de 1'implant pour le traitement chirurgical d'une fracture
isthmique de cette vertébre.

La figure 2 est une vue en perspective éclatée a
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échelle agrandie de 1'implant je la Fig.1l.

La figure 3 est une vue en perspective a échelle
agrandie de l'implant des Fig.l et 2 a 1'état assemblé.

La figure 4 est une vue de dessus a échelle
agrandie de la vis et du crochat de 1l'implant des Fig.1l a
3. .

Les figures 5, 6 et 7 sont des vues en élévation
latérale de trois autres modes ie réalisation possible des

eléments d'ancrage de'l‘implant dans les facettes verté-
brales.

La figure 8 est une vue en perspective d'un second
mode de réalisation des crochets.

La figure 9 est une vue¢: en perspective d'un second

mode de réalisation possible do l'organe de liaison entre

les éléments d'ancrage de 1'implant.

La figure 10 est une vue en perspective éclatée
d'un troisiéme mode de réalisation possible de 1l'organe de
liaison précité.

La figure 11 est une vue mi-coupe mi-élévatijion
longitudinale d'un quatrieme mode de
l'organe de liaison.

réalisation de

La figure 12 est une vue en perspective d'un
cinguiéme. mode de réalisation  possible de 1l'organe de
liaison entre les éléments d'ancrage de l'implant.

"La figure 13 est une vue en perspective d'un
second mode de réalisation pos:sible des moyens de blocage

de l'organe de liaison et des crochets sur les éléments
d'ancrage.

L'implant est adapteé, aprés une greffe osseuse

d'une fracture isthmique F (Fig.1) d'une vertébre, par
exemple L5, pour 1le traitement chirurgical de cette
fracture isthmique, sans devoir prendre appui sur des

vertébres adjacentes non endommagées. La fracture F
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s'étend sur les isthmes de chajue cdté de 1'épineuse 4.

L'implant 1 représentd aux Fig.l & 4 comprend

a) une paire de vis ) destinées a étre vissées
chacune dans une facette supérieure vertébrale 3 de
maniére a peu prés symétrique de chaque coté de l'épineuse
4 et suivant des axes divergents,

b) deux crochets 5 constitués monopiéce chacﬁn
d'un corps 6 et d'une lame 7, le corps. 6 étant percé d'un
alésage cylindrique.7 lisse de passage de la vis 2, L'axe
longitudinal XX de cette derniére forme avec un plan
longitudinal médian P de la lame 7 un angle A approprié
pour permettre un appui convenable de la lame 7 de chaque
crochet 5 sur un bord correspondant 8 de 1'arc postérieur
9 de la vertébre:

c) un organe de liaison élastique 11 entre les
deux vis 2, agissant en distraction,

d) et des moyens de bloucage de l'organe de liaison
11 et des crochets 5 sur les vis 2, constitués dans
l'exemple représenté par des écrous 23.

Le corps 6 du crochet 5 est décalé vers l'avant
par rapport a la lame 7 c'est-3-dire vers la facette 3. En
d'autres termes, la lame 7 est constituée d'une branche
rectiligne 7a et d'une partice incurvée 7b, la branche
rectiligne reliant la partie incurvée 7b au corps 6.

L'organe de liaison 11 a une forme sensiblement en
double oméga ou en M & sommets 1la arrondis reliés par un
raccord central arrondi 1llb définissant une ondulation
avec les sommets arrondis 1lla. La forme arrondie du
raccord central lib a8 l'oppos¢ des sommets lla permet a
une épineuse d'une vertebre contigué& de venir se loger &
l'intérieur de la boucle définie par le sommet arrondi 1llb
sans toucher celui-ci. L'organe de liaison 11 peut ainsi
étre inséré entre deux épineuses contigués sans les toucher.
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L'organe de liaison est de préférence constitué
pPar une lame métallique elasthue dont les extrémités sont
constituées par des embouts 12 ayant un profil complémen-
taire de celui de la partie Correspondante de chaque vis
2. Par rapport au plan géneral du reste du ressort 11 les
embouts 12 sont vrillés de fagon a s'étendre,
ressort 11 est au repos,

lorsque 1le
dans des plans décalés angulaire-
ment dudit plan général. Ce decalage angulaire est avanta-
geusement réalisé dans un sens tel que,

apres montage du
ressort 11, les embouts 12 exer

cent une poussée élastique
sur les crochets 5. De préféronce ce décalage est de 17
degrés, donc égal a un angle A qui sera défini ci-aprés en
référence a la Fig.4.

Chaque embout 2 peut avantageusement presenter un
profil polygonal 13, par exemp.e partiellement hexagonal,
dont les méplats peuvent venir s 'appliquer sur un trongon
14 a profil polygonal conjugué du profil 13, donc par
exemple hexagonal et présentant ainsi une Succession de
six méplats longitudinaux 15.

De ce fait les profils 13 des embouts terminaux 12
peuvent venir s'appliquer dans 1la position angulaire
choisie suf les méplats 15 correspondants, et dans 1la
position axiale recherchée compte tenu de la longueur du
trongon 14,

Le trongon polygonal 14 de chaque vis 2 est
prolongé d'un c6té par une zone 16 a filets spongieux 17
et ame conique 18 de raccordement avec le trongon 14. La
partie filetée 17, de moindre diamétre par conséguent gue
la partie conique 18, se termine Par un téton arrondi 19.
La zone filetée 16 est destinée a Pénétrer dans la facette
supérieure 3 associée 3 1'ensemble constitué par la visg 2
et son crochet support 5 (Fig.l).

Du c6té opposé a 1la zone filetée 16, le trongon 14
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se prolonge par une partie filetée métrique 21 sur laquel-
le, & partir de son extrémité, est formé au moins un
meéplat longitudinal 22. Dans 1'exemple représenté 1la
partie filetée 21 comporte deux méplats 22 symétriques par
rapport a 1'axe longitudinal de la vis, et qui interrom-
pent donc le filet de la zone 21.

Chaque corps 6, dont la surface externe peut étre
partiellement cylindrigue et partiellement plane sur ses
cOtés comme représenté, peut dtre enfilé d'abord sur la
partie filetée 21 puis sur le trongon lisse 14. Les écrous
23 peuvent é&tre vissés chacun sur la partie filetée 21
correspondante. Ces écrous assurent le blocage des cro-
chets 5 et de leur lame sur les zones choisies 8 des bords
de l'arc postérieur 9, ainsi que le blocage des embouts 12
dans leur position représentée a la Fig.3, ol ils coiffent
partiellement les trongons 14 respectifs et sont interpo-
sés entre les corps 6 et des rondelles 233 solidaires des
écrous 23,

'Les écrous de blocage 23 sont complétés par un
dispositif anti-recul de ces écrous sur les tiges 2,
constitué dans 1'exemple illustré aux dessins par la
combinaison d'une collerette cylindrique 24 lisse mono-
piéce avec 1'écrou correspondant 23, et du ou des méplats
terminaux 22, En effet, l'imblant étant pgsé sur la verté-
bre L5 comme illustré aux Fig.l et 3, aprés vissage des
écrous 23 par le chirurgien sur les extrémités saillantes
filetées 21 des tiges 2, chaque collerette 24 peut étre
déformée au moyen d'une pince éppropriée pour venir
s'écraser ou se plaquer sur lc ou les méplats 22. Ainsi
les collerettes écrasées 24 empéchent toute rotation
ultérieure des vis 2 autour de leur axe, donc tout recul
et tout arrachement de ces vis des facettes 3.

Le décalage angulaire A (Fig.4) est orienté dans
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le sens qui écarte la zone d'zppui des lames incurvées 7

de l'épineuse centrale 4, par rapport a 1a zone d'appui

que ces lames auraient si Jle plan général p contenait

l'axe XX des vis 2. A titre

d'exemple numérique non
limitatif,

l'angle A peut érre avantageusement de 17
degrés environ.
Pour procéder a 1a pose de 1'im

Plant qui vient
d'étre décrit, le chirurgien a«

jit de la maniére Suivante:
a) il pratique une résection du tiers ou de 1la

moitié inférieure de 1l'articulaire inférieure de la

vertébre sus-jacente a 1;3 facette supérieure 3 de 1la

vertébre fracturée, par exempl2 articulaire inférieure L,

pour fracture isthmique de L..

b) il fixe chaque vi:i3 2 sur la dite facette 3
aprés avoir pratiqué un trou de Passage dans celle

-ci au
moyen d'un foret et d'un taraud,

puis il enfile sur Cette
vis le corps 6 de chaque crochet 5§ jusqu'a ce que 1a lame
7 de ce dernier soit en appui

sur l'arc postérieur 9 a
1'emplacement convenable,

offrant une zone d'appui satis-
faisante, compte tenu du décaluge angulaire A entre l'axe
XX et le plan longitudinal médian p. Cet appui peut étre

assuré soit sans pPratiquer aucune entai

lle sur le bord
visé 8,

soit en y effectuant une trés légére entaille H
c) le chirurgien' monte 1'organe de liaison
élastique 11 en rabprochant l'un de 1l'autre les embouts 12
pour mettre l'organe 11 en distraction, et coiffe lesg
trongons 14 par les embouts 12. Les meéplats des profils 13
viennent s'appliquer sur des méplats correspondants 15
dans la position angulaire choisie, en réalisant un appui
stable et solide des extrémité:s 12 de l'organe 11 sur les

vis 2. Aprés sa mise en place, l'organe de liaison 11 est
donc contraint en compression et exerce sur les corps 6,

donc aussi sur les lames 7, des forces de distraction qui,
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compte tenu de l'orientation divergente des vis 2, ont des
composantes coaxiales aux vis : et qui tendent & maintenir
fermement les lames 7 appliquées contre les bords 8 de
l'arc 9, donc les deux partias fracturées 1'une contre
1'autre.

d) Le chirurgien visse les écrous 23 sur les
parties filetées 21 afin de bloquer en place l'organe de
liaison 11 et les crochets 5,

e) et enfin le chirurg:..en pince les collerettes 24
au moyen d'un cutil approprie, afin de les écraser sur les
méplats 22 et ainsi empécher tout recul des écrous 23 par
desserrage. '

Outre les avantages techniques déja mentionnés,
1'invention présente les suivants

a) Le décalage angula:re A supprime la nécessité
de tailler 1'arc postérieur 9.

b) Le fait que le corp: 6 du crochet 5 soit décalé
vers l'avant par rapport 8 sa lame incurvée 7, c'est-a-
dire vers la facette 3, de telle sorte que sa branche 7a
sensiblement rectiligne prolonge Jjusqu'au corps 6 la
partie incurvée 7b de la lame 7/, réduit 1'encombrement de
1'implant derriére l'arc postécieur 9 par rapport a celui
des implants antérieurs déciits . connus.' En effet la
saillie postérieure par rabpnrt aux bords B8 de 1l'arc
postérieur 9 est alors notablement diminuée, ainsi que la
saillie sous la peau du patient.

c) Les vis 2 ne peuvent plus se dévisser et donc
s'arracher des facettes 3. En effet les collerettes 24
s'opposent & toute rotation des vis 2 autour de leur axe,
donc a tout recul de ces vis. De plus il a été exposé ci-
dessus que les embouts 12 exercent sur les vis 2 des
forces de distraction dont les composantes axiales aux vis
sont dirigées vers les facettes 3 et maintiennent donc les
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lames 7 fermement appliquées sur 1l'arc postérieur 9, D
fait que les écrous 23 ne peuvent se desserrer,
composantes axiales des force:

u
les
de distraction précitées
contribuent également & maintendir les vis 3 dans les trous
correspondants des facettes 3,

recul par rotation.

donc & s'opposer A leur

d) Le fait de munir chaque vis 2 d'une zone 16 &
filetage spongieux et a ame conique 18 permet d'assurer
aux filets 17 une prise sur 1l'os largement supérieure a un
filet habituel; de Plus aprés percement des facettes (zone
corticale, os spongieux puis nouvelle zone corticale) le
trou dg passage de la vis 2 a é&té légérement agrandi, et

le cbne 18, en pénétrant dan:; ce trou, permet de bien

appliquer la vis 2 contre les parois du trou et donc évite
ainsi toute apparition de jeu. De ce fait la vis 2 est
fermement bloquée sur l'os de la facette 3. Cette suppres-

sion de tout jeu résulte de la compression de la paroi

osseuse du trou, grace a 1'ame conique 18, qui réduit la

profondeur des filets par rapport a celle de la zone des
filets 17.

e) Par rapport aux féalisations antérieures
connues, l'encombrement derriére les lames ou bords 8 de
l'arc postérieur 9 est encore réduit grace a la mise en
oceuvre des collerettes 24 anti-recul. En effet celles-ci
sont moins encombrantes que de: contre-écrous, le gain de
longueur étant d'environ 1/2 écrou. Ainsi, dans la mesure
ou le chirurgien effectue un --hoix judicieux de la lon-
gueur des vis 2, les extrémités arriére de celles-ci
débordent trés peu par rapport aux bords postérieurs de
l'arc 9.

La trés bonne tenue de la vis d'ancrage 2 est
obtenue grace & la forme du filetage dans l'os, le filet

spongieux 17 ayant en effet la particularité de présenter
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une surface d'appui maximum dans un volume minimum. La fin
de filet dont le noyau 18 est conique assure une meil-
leure résistance de la vis & la flexion, car des efforts
dans ce sens sont appliqués lors de la mise en position de
l'organe de liaison élastigue 11. Ces efforts sont déve-
loppés par la réaction de l'effet ressort lors de la mise
en compression de cette lame 11.

La liaison entre vis 2 et crochet 5 est effectuée
de maniére & laisser une libarté de translation et de
rotation du crochet 5 sur la v.s 2, permettant au crochet
de se positionner dans les meilleures conditions sur 1'arc
postérieur. Cette liaison a aussi pour fonction, par
1l'intermédiaire de la lame ressort 11 ainsi que par le
positionnement angulaire des deux vis 2, de créer une
action du type ressort sur les crochets (effet amortis-
seur) permettant & ces dernier:s d'étre toujours en action
sur la greffe osseuse.

Les corps des vis 2 étant de forme hexagonale dans
leur partie centrale 14, ainsi que les profils 13 de
préhension de 1'organe élastique 11, cet agencement
autorise un mouvement de translation entre ces deux
éléments et ainsi permet l'effet amortisseur précité.

Par contre, ces deux piéces 2 et 11 sont bloquées
en rotation, ce qui évite le dévissage de la vis a os 2
dans son encastrement Osseux.

On a représenté aux Fig.5 & 13 diverses variantes
de réalisation possibles de certains éléments constitutifs
de 1l'implant selon l'invention,

La Fig.5 montre ainsi un élément d'ancrage dans
une facette vertébrale constitué par une cheville 25
complétée par une tige filetée 27.

La Fig.6 illustre une troisiéme possibilité dans
laquelle l'élément d'ancrage e:st constitué par un crochet
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28 prenant appui sur la facette 3 et complété par une tige
filetée 29, et enfin

La Fig.7 montre une quatriéme variante dans
lagquelle 1'élément d'ancrage est formé par une vis 31
équipée 4d'un écrou 32 prenant appui derriére la facette
vertébrale 3.

Ces modes de réalisation sont toutefois moins
avantageux que les vis 2 illustrées aux Fig.l & 4 car leur
mise en place présente des difficultés. De plus 1le
démontage d'une cheville 25 et d&'un écrou 32 n'est pas
possible.

La Fig.8 montre un crochet 33 dont la lame 34 a un
profil en V ou U arrondi et dont le corps 35 est décalé
vers l'extrémité libre de 1'un: 34a des branches 34a, 34b
de la lame 34, a savoir vers l'avant c'est-a-dire vers la
facette correspondante 3. Dans: le corps 35 est percé un
alésage 36 de passage de la tige de 1'élément d'ancrage
tel que 2. Le corps 35 s'étend ‘dans le plan moyen général
de la lame 34 et ne présente donc pas le décalage angu-
laire A décrit ci-dessus en reférence & la Fig.4. Il est
percé d'un trou latéral 37 pour le passage d'une vis de
fixation de 1'élément d'ancrage traversant l'alésage 36.
Le décalage du corps 35 vers 1'avant présente 1'avantage
de diminuer 1'encombrement bostérieur du crochet au niveau
de l'arc vertébral. Toutefois 1'absence de décalage
angulaire entre le corps 35 et son alésage 36 et le plan
général de la lame 34 rend ce crochet moins avantageux que
le crochet 5 du premier mode dwo réalisation décrit.

La Fig.9 montre une premiére forme de réalisation
possible de 1l'organe de liaison entre les éléments d'an-
crage 2, 27, 29, 31. Cet organc est ici constitué par une
barrette 38 dans les extrémités de laquelle sont ménagés
deux trous 39, 41 dont 1'un (41) est oblong. Ces trous
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sont adaptés pour le passage des éléments d'ancrage
respectifs, le trou oblong 4 permettant, avant blocage, un
réglage de la position transversale de l'élément duancrage
correspendant au moyen d'une pince de distraction. La
barrette 38 assure donc une .iaison monobloc. Elle est
relativement difficile a mettre en place et ne produit
aucune action de ressort, contrairement & 1'organe de
liaison 11 décrit en référence aux Fig.l a 4.

Le troisiéme mode do réalisation possible de
1l'organe de liaison, représenté a la Fig.10, est constitué
par la combinaison d'un ressort lame 42 sensiblement en
forme de U arrondi et & extrémités 43 recourbées, et de
deux ressorts spirales tels (que 44, Ces derniers sont
associés chacun a une extrémité 43 de telle sorte que
1'élément d'ancrage respectif puisse traverser l'extrémité
recourbée 43 et le ressort spirale associé 44, lequel
aprés blocage de l'ensemble est comprimé et exerce une
poussée élastique sur le crochet 5 (ou 33). Cette variante
de réalisation présente toutefois 1l'inconvénient d'étre
relativement encombrante en direction postérieure.

La Fig.1l1l illustre une troisiéme forme de réalisa-
tion possible dans 1laquelle 1l'organe de liaison est
constitué par un cylindre 4' contenant un piston 46
pouvant coulisser a 1l'intériesur du cylindre 45, dans
lequel est logé un ressort 47 qui sollicite élastiquement
le piston 46 vers l'extérieuy du cylindre 45. Sur les
extrémités de ces derniers sont articulées des bagues
respectives 48, pouvant étre enfilées sur les éléments
d'ancrage de l'implant et tournées d'un angle approprié,
de préférence de 17° comme l'angle A. La liaison produite
par ce dispositif est donc élastique grace a la compres-
sion du ressort 47. Toutefois ce dispositif est d'une

réalisation relativement complexe,
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La Fig.12 illustre une cinguiéme forme de réalisa-~
tion de l'organe de liaison ici constitué par un ressort

49 sensiblement en arc de cercle, dont les extrémités sont

profilées pour constituer des embouts 51 complémentaires

des parties correspondantes dos éléments d'ancrage. Les

embouts 51 sont avantageusemer.t décalés angulairement du

pPlan général du reste du ressort 49 lorsque ce dernier est

du repos. Ce décalage angulaire est choisi dans un sens

tel que, aprés montage du ressort 49 sur les éléments

d'ancrage, les embouts 51 exercent une poussee élastique

sur les crochets. De préférence, le décalage angulaire

des embouts 51 est €gal & 1l'angle A (Fig.4).

La Fig. 13 montre une seconde forme de réalisation
possible des moyens de blocage de 1'organe de liaison (11,
38...) : ces moyens sont ici constitués par des rondelles

52 dont les ouvertures centrales délimitent des pattes

radiales flexibles 53, séparées par des oeillets 54. Les

Pattes radiales 53 sont dimensionnées de facon a définir
entre elles un diamétre légérement inférieur a celui de

1'élément d’'ancrage tel que 27 ou 29, de facgon a pouvoir
étre enfilées Par friction sur ces éléments d'ancrage et

ensuite a interdire tout retour en arriére des rondelles

52. Ces derniéres doivent étro réalisées .en un matériau

biocompatible et qui ait une élasticite suffisante pour
assurer un fonctionnement fiable, tel que 1'acier inoxyda-
ble. '

Il convient encore d'ajouter que le fait que les
embouts 12 ou 51 de l'organe de liaison élastique 11, 59
soient vrillés, de préférence de 17 degrés par rapport au
plan général du reste de cet crgane, assure un excellent
appui de ces embouts sur l'arriére des crochets 5 et
permet un coulissement aisé sur les vis 2.

L'implant selon 1'invention présente 1'avantage
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important gqu'aucun effet de traction n'est exercé sur les
éléments d'ancrage tels que les vis 2.
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REVENDICATIONS

1. Implant (1) pour le traitement chirurgical

d'une fracture isthmique vertétrale (F), caractérisé en ce
qu'il comprend :

un premier sous-ensemble et un second sous-
ensemble comportant chacun un élément (2) adapté pour étre
fixé & une partie antérieure de la vertébre fracturée d'un
coté d'une épineuse (4) de cette vertébre,

et un organe
(5) adapté pour étre fixé a ur

€ partie postérieure de 1la
verteébre, cet organe étant assccié 3 l'élément précité, et

les deux Sous-ensembles étant orientés suivant des axes
divergents de pPart et d'autre e 1'épineuse,

= un organe (1ll1) de lisison entre lesdits premier

et second Sous-ensembles, moité ge maniére & pouvoir

rapprocher l'un de 1'autre ledit élément

et ledit organe
de chaque Sous-ensemble,

- et chaque Sous-ensemble est pourvu de moyens de
retenue (23) aptes a éviter

la dissociation desdits
€léments et desdits organes ad.ap

tés pour étre fixés a une
partie postérieure de la vertébre,.

2. Implant selon la revendication 1, caractérisé

en ce que 1l'organe . (11) de liaison est €élastique, et

agencé pour développer sur lesdits €éléments (2) des forces

de distraction ayant des compo:santes dirigées suivant 1

es
directions axiales des éléments

et qui tendent & appliquer
eur de la vertébre lesdits
fixés 3 ladite partie postérieure de 1la

contre le bord d'un arc postéri
organes (5)
vertébre.

3. Implant sgelon la revendication 2, caractériseé

en ce que lesdits éléments destinés a étre fixés a 1la
partie antérieure de 13 vertebre sont des vis (2) adaptées
pour étre vissées dans les facettes vertébrales, en ce gue

lesdits organes (5) destinés a étre fixés 4 une partie
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postérieure de la vertébre scnt des crochets monopiéce
comprenant chacun un corps (6) et une lame (7)., le corps
étant percé d'un alésage (10) de passage de la vis asso-
ciée, et 1'alésage (10) du corps (6) des crochets (5) a un
axe longitudinal (XX) qui form: avec un plan longitudinal
médian (P) de la lame (7) un angle (A) approprié pour
permettre un appui convenable ce la lame du crochet sur un
bord (8) correspondant de 1'arc postérieur (9) de 1la
vertébre (L5).

4. Implant selon la revendication 3, caractérisé
en ce que chaque crochet (5) a une forme en U ou en V avec
une branche (7a) plus longue que 1'autre (7b) et qui porte
le corps (6) au voisinage de son extrémité libre.

5. Implant selon la ravendication 4, caractérisé
en ce que l'organe de liaison élastique (11) a une forme
sensiblement en double oméga ou en M & sommets arrondis
(11a) . reliés par un raccord central arrondi (11b) auto-
risant le logement de l'épineuse d'une vertébre supérieure
adjacente, et les extrémités de cet organe de liaison sont
constituées par des embouts (12) ayant un profil (13)
complémentaire de celui de la partie correspondante (14)
de chaque vis (2).

6. Implant selon la revendication 'S, caractérisé
en ce que, lorsque le ressort (11) est au repos, les
embouts (12) s'étendent dans dos plans décalés angulaire-
ment du plan général du reste du ressort, et ce décalage
angulaire est réalisé dans un :ens tel que, aprés montage
du ressort sur les é&léments d'ancrage (21), les embouts
exercent une poussée élastique sur les crochets (5).

7. Implant selon la ruvendication 3, caractérisé
en ce que ladite partie (14) des vis (2) recevant les
embouts terminaux (12) dudit organe de liaison (11) a une
section polygonale et constitue un trongon conjugué d'un

652



10

15

20

25

30

WO 96/41582 : ' PCT/FR96/00839

22

profil polygonal interne (13) de chaque embout, lequel
empéche ainsi toute rotation de la vis autour de son axe
(XX).

8. Implant selon la revendication 7, caractérisé
en ce que le trongon polygonal (14) est prolongé d'un coté
par une zone (16) & filet spoagieux (17) et ame conique
(18) destinée & pénétrer dans la facette associée (3) de
la vertébre (L5...), et du c3té Cpposé par une partie
filetée (21), et en ce que lesdits moyens de blocage de
l'organe de liaison (11) conprennent des écrous (23)
vissés chacun sur ladite partie filetée (21) afin de
bloquer les embouts (12) de l'organe de liaison entre les
corps (6) des crochets (5) et ~es écrous.

9. Implant selon la revendication 5, caractérisé
en ce que lesdits moyens (23) de blocage sont complétés
par un dispositif anti-recul des écrous (23) sur les tiges
(2).

10. Implant selon la revendication 7, caractérisé
en ce que le dispositif anti-recul est constitué par 1la
combinaison d'une collerette .24) moncpiéce avec chaque
écrou (23) et d'au moins un méplat longitudinal (22)
formé sur ladite partie filetée (21) de chaque tige (2),
la collerette pouvant étre éformée aprés vissage de
l'écrou afin de venir se plaquer sur le méplat.

11. Implant selon la revendication‘3, caractérisé
en ce que l'angle (A) entre .'axe longitudinal (XX} de
chaque vis (2) et le plan médian (P) de la lame (7) du
crochet (5) est d'environ 17 degrés.

12. Implant selon la revendication 2, caractérisé
en ce que les éléments de fixation dans les facettes
vertébrales (3) sont des chevilles (25), équipées de vis
(27) ou des crochets (28), prolongés par des vis (29), ou
des systémes vis-écrous (31, 32).
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13. Implant selon la ravendication 2, caractérisé
en ce que les éléments de fixaution a ladite partie posté-
rieure sont des crochets (33) ayant un profil en U ou en
V avec un corps (35) décalé vers l'extrémité de 1'une
(34a) des branches (34a, 35b) du U ou du V.

14. Implant selon la revendication 1, caractérisée
en ce que l'organe de liaison est une barrette (38) dans
les extrémités de laquelle sont ménagés deux trous (39,
41) dont 1'un (41) est oblong, adaptés pour le passage des
élements de fixation respectifs, le trou oblong permettant
un réglage de la position transversale de 1'élément de
fixation correspondant (2, 27, 29...). '

15. Implant selon la ravendication 1, caractérisé
en ce que l'organe de liaison est formé par la combinaison
d'un ressort lame (42) sensiblement en U et & extrémités
recourbées (43) et de deux ressorts spirales (44) associés
chacun & une extrémité recourbie de telle sorte que cette
derniére et le ressort spirale correspondants puissent
étre traversés par l'élément di: fixation respectif (2...)
avec production d'une poussée élastique sur le crochet (5)
par le ressort spirale comprims.

16. Implant selon la revendication 1, caractérisé
en ce que l'organe de liaison comporte un cylindre (45)
contenant un piston (46) sollicité élastiguement vers
l'extérieur du cylindre par un ressort (47) logé dans ce
dernier, des bagues (48) étant articulées aux extrémités
du cylindre et du piston.

17. Implant selon la revendication 3, caractériseé
en ce que l'organe de liaison est un ressort (49) sensi-
blement en arc de cercle dont les extrémités (51) sont
profilées pour étre complémentaires des parties correspon-
dantes desdits éléments de fixation (2...), et forment des
embouts situés, lorsque le res:sort est au repos, dans des
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plans décalés angulairement du plan général du reste du
ressort, ce décalage angulaire étant choisi dans un sens
tel que, aprés montage du ressort sur les éléments d'an-
crage, les embouts exercent une poussée elastique sur les
crochets (5),.

18. Implant selon la ravendication 3, caractérisé
en ce que lesdits moyens de butée de l'organe de liaison
(11,...) et des crochets (5) sur les éléments de fixation
(2) sont des rondelles (52) dont les cuvertures centrales
délimitent des pattes radiales flexibles (53) de friction
et de retenue des rondelles sur lesdits éléments de
fixation.

19, Procédé de pose d'un implant (1)} selon 1'une
des revendications 3 a 17, selon lequel :

a) on pratique une résection du tiers ou de 1la
moitié inférieure de 1'articulaire inférieure de 1la
vertébre sus-jacente a la facette supérieure (3) de 1a
vertébre fracturée (L5),

b) on fixe 1'élément de fixation (2) sur ladite
facette, on enfile sur cet élément le corps (6) du crochet
(5) jusqu’a ce que la lame (7) de ce dernier soit en appui
sur l'arc postérieur (9) de la vertébre,

C) on monte l'organe (11) de liaison sur les
€éléments d'ancrage,

d) on met en place les moyens de butée (23...) sur
les éléments de fixation. A

20. Procédé selon la revendication 18, dans lequel
l'organe de liaison (11) est élastique et a une forme
sensiblement en double oméga ou en M & sommets arrondis
(11la) reliés par un raccord Central arrondi (11b) auto-
risant le logement de 1'épineuse d'une vertébre supérieure
adjacente, et les extrémités de cet organe de liaison sont
constituées pa;rdes embouts (12) ayant un profil (13)
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complémentaire de celui de la partie correspondante (14)
de chaque vis (2) constituant les eléments de fixation
précités, et les moyens de butée comprennent des écrous
(23) prolongés par des collerettes (24), procede selon
lequel : .
a) on fixe la vis (2) sur ladite facette, on
enfile sur cette vis le corps (6) du crochet (5) jusqu'a
ce que la lame (7) de ce dernjer soit en appui sur 1l'arc
postérieur (9) de la vertébre,

b} on monte l'organe (11) de liaison élastique en
compression sur les vis en coiffant les parties correspon-
dantes (14) des vis (2) par les embouts (12) dudit organe,

€) on visse les écrous {23) sur les parties
filetées (21) des vis (2) afin de blogquer en place,
l'organe de liaison et les crochets,

d) et on pince les collerettes (24) des écrous
afin de les écraser sur les meplats (22) des vis afin
d'empécher tout recul des écrous par desserrage.
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(54) Title: ORTHOPAEDIC FIXING SYSTEM
{54) Bezeichnung: ORTHOPADISCHES HALTESYSTEM

(57) Abstract

The invention concerns an orthopacedic fixing system with at least one
implant pant which comprises at least one through-opening, and with fixing
clements which are inserted in the through-openings. The through-openings
have widened portions which accommodate a head-shaped thickening on the
fixing elements for securing the fixing eiements in the axial direction in the
implant part without hindering their rotatability. According to the invention,
the head-shaped thickenings of the fixing elements can be compressed; the
outer diameter of the widened portions is slightly smalier than the non-
resiliently compressed head-shaped thickening; and the widened portions
have undercuts in which the head-shaped thickening engages resiliently after
insertion in the widened portion.

{57) Zusammenfassung

Um bei einem orthopidischen Haltesystem mit mindestens einem Im-
plantatteil, das mindestens eine Durchsteck8ffoung aufweist, und mit Halteele-
menten, die in die Durchstecktffnungen eingesetzt werden, wobei die Durch-
steckdffoungen Erweiterungen aufweisen, die cine kopfformige Verdickung
der Halleclemente aufnchmen, die Halteelemente in dem Implantatteil in
axialer Richtung festzulegen, ohne jedoch deren Verdrehbarkeit zu behin-
dem, wird vorgeschlagen, daB die kopfformigen Verdickungen der Hal-
teelemente zusammendrickbar sind, daB die Erweiterungen einen AuBen-
durchmesser aufweisen, der geringfilgig kleiner ist als die nicht clastisch
zusammengedrilckte kopffdrmige Verdickung, und daB die Erweitcrungen
Hinterschneidungen aufweisen, in die die kopfformige Verdickung nach dem
Einschieben in die Erweiterung clastisch eingreift. '
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ORTHOPADISCHES HALTESYSTEM

Die Erfindung betrifft ein orthopddisches Haltesystem
mit mindestens einem Implantatteil, das mindestens eine
Durchstecktffnung aufweist, und mit stiftformigen Hal-
teelementen, die in die Durchsteckdffnungen eingesetzt
werden, wobei die Durchsteckdffnungen Erweiterungen
aufweisen, die eine elastisch zusammendriickbare kopf-
férmige Verdickung der Halteelemente aufnehmen, wobei
die Erweiterungen einen AuBendurchmesser aufweisen, der
geringfigig kleiner ist als die nicht elastisch zusam-
mengedriickte kopfformige Verdickung, und wobei die Er-
weiterungen Hinterschneidungen aufweisen, in die die
kopfférmige Verdickung nach dem Einschieben in die Er-
weiterung elastisch eingreift, und mit einem Sackloch
im Bereich der kopfférmigen Verdickung des Halteele-
ments, in das ein dieses ausfiillender Kern einschiebbar

ist.

Derartige Haltesysteme werden zur Verbindung von Kno-
chenfragmenten und zur Fixierung von Skeletteilen ver-
wendet. Es kann sich dabei beispielsweise um Knochen-
platten handeln, die mit Knochenschrauben in die Kno-
chensubstanz eingeschraubt und dadurch gegen die Ober-
fliche des Knochens gedriickt und dort festgelegt wer-
den. Es kann sich auch um Systeme aus mehreren Implan-
tatteilen handeln, die untereinander verbunden werden
missen, beispielsweise verschiedene Knochenplatten oder
Knochenplatten einerseits und Endoprothesen anderer-

seits.
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In der WOB88/03781 ist eine osteosynthetische Vorrich-
tung beschrieben, bei welcher in eine Knochenplatte ei-
ne Knochenschraube elastisch eingerastet werden kann.
Die Knochenplatte weist dazu eine Offnung mit Hinter-
schneidungen auf, und der Kopf der Knochenschraube ist
elastisch zusammendrickbar, so daf3 er elastisch in die-
se hinterschnittene Offnung eingerastet werden kann.
Nach dem Einschrauben der Knochenschraube in den Kno-
chen wird die Knochenschraube bei dieser vorbekannten
Konstruktion durch Einsetzen eines Verriegelungsstiftes
so aufgeweitet, daB die Knochenschraube in der Durch-
steckoffnung der Knochenplatte im Klemmsitz gehalten
wird, sie bildet also nach dem Einsetzen des Verriege-
lungsstiftes zusammen mit der Knochenplatte eine starre
Einheit.

Es ist Aufgabe der Erfindung, ein gattungsgemidBes or-
thopddisches Haltesystem so auszubilden, dafl eine Kno-
chenschraube unverlierbar in der hinterschnittenen
Durchsteckdéffnung der Platte festgelegt werden kann,
wobei trotzdem die freie Verdrehbarkeit der Knochen-
schraube gegeniiber der Platte erhalten bleibt.

Diese Aufgabe wird bei einem orthop#édischen Haltesystem
der eingangs beschriebenen Art erfindungsgemaB dadurch
geldst, daB der Kern so bemessen ist, daB er die kopf-
formige Verdickung in seiner in das Sackloch eingescho-

benen Stellung verriegelt ohne sie aufzuweiten.
Dieser einschiebbare Kern, der die Teile der kopfférmi-

gen Verdickung nicht auseinanderdrickt, sondern nur das
Sackloch ausfiillt, ohne es aufzuweiten, verhindert, daB
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die elastisch verbiegbaren Teile der kopffdrmigen Ver-
dickung elastisch radial nach innen gebogen werden kon-

nen, so daR allein das Einschieben dieses Kerns die

kopfférmige Verdickung in der Erweiterung der Durch-
stecktffnung verriegelt, wenn die kopffdrmige Verdik-
kung in die Hinterschneidung der Erweiterung eingreift.
Da die kopffdrmige Verdickung durch diesen Kern nicht
aufgeweitet wird, bleibt die kopffbrmige.Verdickung
frei drehbar in der Erweiterung, die Verriegelung er-

folgt allein durch den FormschluB in axialer Richtung.

Diese freie Drehbarkeit der Verdickung in der Erweite-
rung fuhrt dazu, daB bei Kombinationssystemen die Im-
plantatteile eine gewisse Beweglichkeit gegenilber dem
Knochensystem erhalten, obwohl die Halteelemente fest
im Knochen oder an anderen Implantatteilen verankert
sind. Dadurch wird bei Verdnderungen, beispielsweise
durch Knochenresorption, verhindert, daB die Implan-
tatteile oder die Halteelemente durch eine ungewollte
Krafteinwirkung brechen kdénnen.

Grundsédtzlich kénnen die Implantatteile die unter-
schiedlichste Form aufweisen. Beispielsweise kann es
sich dabei um Knochenplatten handeln, die mit Hilfe ei-
nes Halteelements in Form einer Knochenschraube am Kno-
chen durch Verschraubung gehalten sind und dadurch Kno-
chenfragmente fixieren. Es konnen auch mehrere Implan-
tatteile durch ein Halteelement unmittelbar miteinander
verbunden werden, beispielsweise zwei Knochenplatten
oder eine Knochenplatte einerseits und der Schaft einer
Endoprothese andererseits.
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Weiterhin versteht es sich, dafl unter dem Begriff "Kno-
chenplatte” nicht nur rein plattenférmige Bauteile ver-
standen werden, sondern auch anders geformte Implanta-
te, die zur Festlegung und Stiitzung des Knochenappara-
tes Verwendung finden. Ebensc umfaBt der Begriff “"Kno-
chenschraube” nicht nur im eigentlichen Sinne in Kno-
chensubstanz einschraubbare Haltestifte, sondern stift-
féormige Halteelemente mit kopffdrmiger Verdickung all-
gemein, die die Knochenplatten durchsetzen. Diese k&nn-
ten auch iUber eine aufgeschraubte Mutter oder andere
Zugmittel am Knochenapparat festgelegt werden, sie miis-
sen nicht unbedingt durch eigene Gewindegdnge in der
Knochensubstanz selbst verankert sein.

Bei einer bevorzugten Ausfihrungsform der Erfindung
kann vorgesehen sein, daf die kopfformige Verdickung
durch mehrere elastisch radial nach innen biegbare Tei-

le des Halteelements gebildet wird.

Dabei ist es vorteilhaft, wenn die elastisch nach innen
biegbaren Teile durch radial verlaufende Einschnitte
voneinander getrennte, einstickig mit dem Halteelement
ausgebildete Abschnitte des Halteelements sind. Es ge-
nigt also grundsatzlich bereits, wenn ein Halteelement
aus eléstischem Material im Bereich der kopffdrmigen
Erweiterung einen oder mehrere radial verlaufende Ein-
schnitte aufweist, die eine geringfiigige Anniherung der
Teile des Halteelements erméglichen, um die geforderte

Zusammendriickbarkeit zu realisieren.

Es kann vorgesehen sein, daf das Sackloch sich zum

freien Ende des Halteelements hin stufig verengt. Dabei
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kann sich das Sackloch bis in den Schaft des Halteele-
ments erstrecken, wobei dann der Kern einen entspre-
chenden Verlangerungsstift trégt, der das Sackloch im
wesentlichen vollsténdig ausfillt.

Gunstig ist es, wenn das Sackloch kreiszylindrisch aus-
gebildet ist.

Bei einer besonders bevorzugten Ausfihrungsform ist
vorgesehen, daB die Erweiterung eine kugelringfdrmige
Innenflache und die kopfformige Verdickung eine komple-
mentdre kugelringformige AuBenfldche aufweisen, deren
gréBter Durchmesser im Innern des Implantatteils im Ab-
stand von dessen AuBenfldche angeordnet ist.

Eine solche Ausgestaltung ermdglicht es, das Halteele-
ment in der Erweiterung der Durchsteckoéffnung iiber ei-
nen bestimmten Winkelbereich zu verschwenken, so daB es
schrag zum Implantatteil eingeschraubt werden kann.
Trotzdem bleibt das Halteelement in dem Implantatteil
gehalten. Dies gilt auch dann, wenn ein Kern in eine
Sacklochbohrung eingesetzt ist, der das Halteelement
gegen ein Herausziehen aus dem Implantatteil verrie-
gelt. Eine freie Drehbarkeit um die L&angsachse des Hal-
teelements und um in der Ebene des Implantatteils lie-
gende Drehachsen bleibt aber dabei voll erhalten.

Bei einer besonders bevorzugten Ausfihrungsform ist

vorgesehen, daB das Halteelement eine Knochenschraube

ist.
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Bei einer abgewandelten Ausfihrungsform kann das Halte-
element eine Schraube mit einem Maschinengewinde sein.
Wdhrend sich die Knochenschraube zum Eindrehen in Kno-
chensubstanz eignet, kann ein Halteelement mit einem
Maschinengewinde verwendet werden, um zwei Implantat-
teile miteinander zu verbinden. Es ist dann giinstig,
wenn ein Implantatteil ein Innengewinde aufweist, in
das das Halteelement eingeschraubt werden kann, wihrend
das andere Implantatteil in der beschriebenen Weise ei-
ne Durchsteckdffnung mit einer hinterschnittenen Erwei-
terung fiir den Kopf des Halteelements aufweist. Bei-~
spielsweise kdnnen auf diese Weise zwei Knochenplatten
miteinander verbunden werden. Es ist auch méglich, an
einem R8hrenknochen den in diesen Knochen eingefithrten
Schaft einer Endoprothese mit einer auBen am Knochen
anliegenden Knochenplatte zu verbinden, wobei das Hal-
teelement dann durch die Wand des Knochens hindurch-
tritt.

Die nachfolgende Beschreibung einer bevorzugten Ausfiih-
rungsform der Erfindung dient im Zusammenhang mit der

Zeichnung der ndheren Erlduterung. Es zeigen:

Figur 1: eine seitliche Ansicht einer Knochen-
platte und einer in einer Durchsteck-
6ffnung der Knochenplatte eingesetzten
Knochenschraube mit Kern in einer Teil-
schnittdarstellung vor dem Eindriicken
der Knochenschraube in die Durchsteck-

Of fnung;
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Figur 2: eine Ansicht &hnlich Figur 1 der in die
Knochenplatte eingedriickten, aber in
axialer Richtung nicht verriegelten
Knochenschraube der Figur 1 im Bereich
der Knochenplatte und der kopfférmigen
Verdickung in einem Schnitt langs Linie
2-2 in Figur 3;

Figur 3: eine Draufsicht auf die Knochenplatte
und die eingesetzte Knochenschraube der

Figur 2 und

Figur 4: eine Ansicht &hnlich Figur 2 mit einge-
setztem Kern zur Verriegelung der Kno-

chenschraube in axialer Richtung.

Das orthopddische Haltesystem wird nachstehend am Bei-
spiel einer Knochenplatte beschrieben, die mit Hilfe
von Knochenschrauben an Knochensubstanz festgelegt wer-
den soll. Es versteht sich aber, daB die Erfindung
nicht auf den Einsatz an Knochenplatten und die Verwen-
dung von Knochenschrauben beschrénkt ist, sondern all-
gemein auf orthopiédische Haltesysteme gerichtet ist,
bei denen Implantatteile mit Hilfe von Halteelementen

am Knochensystem oder untereinander festzulegen sind.

Das in der Zeichnung dargestellte orthopddische Halte-
system umfaBt eine metallische Knochenplatte 1 mit meh-
reren Durchsteckéffnungen 2, von denen in der Zeichnung
nur eine dargestellt ist. Diese Durchsteckdffnung hat
eine kugelringférmige Innenwand 3, wobei der Bereich
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des grdB8ten Durchmessers der Durchsteckéffnung 2 etwa
in der Mitte der Knochenplatte 1 angeordnet ist, so daB
sich also die Durchsteckdffnung 2 zur Oberseite 4 und
zur Unterseite 5 hin jeweils verengt. Somit bildet die
kugelringfdrmige Innenwand 3 eine Ausbauchung und damit

eine Hinterschneidung 6 aus.

In die Durchsteckdffnung 2 ist eine Knochenschraube 7
eingesetzt, die beispielsweise aus einem elastischen
Kunststoff bestehen kann, insbesondere aus einem resor-
bierbaren Kunststoff.

Diese Knochenschraube 7 weist einen Schaft 8 mit einem
AuBengewinde 9 sowie eine kopffdrmige Verdickung 10
auf, die seitlich begrenzt wird durch eine kugelring-
formige Umfangsfldche 11, deren Abmessungen im wesent-
lichen den Abmessungen der ebenfalls kugelringfdrmigen
Innenwand 3 der Durchsteck&ffnung 2 entsprechen. Die
Umfangsflidche 11 ist alsco komplementdr zur Innenwand 3

ausgebildet.

Zweil senkrecht zueinander angeordnete, diametrale Ein-
schnitte 12, die von oben her iber die gesamte H8he der
kopffbrmigen Verdickung 10 in die Knochenschraube 7
eintauchen, teilen die kopffbrmige Verdickung 10 in
vier in Umfangsrichtung voneinander getrennte Abschnit-
te 13 und erzeugen somit eine gewisse Elastizitit die-
ser Abschnitte 13, d.h. die Abschnitte 13 kénnen ela-

stisch radial nach innen gebogen werden.

In die Knochenschraube 7 ist eine zentrale Sacklochboh-
rung 14 eingearbeitet, die sich bis in den Schaft 8
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hineinerstreckt und die im Bereich der kopffdrmigen
Verdickung 10 einen erweiterten Bereich 15 aufweist.
Dieser erweiterte Bereich 15 erleichtert das elastische
Zusammendriicken der Kkopfférmigen vVerdickung 10, bei der
die Abschnitte 13 elastisch nach innen gebogen werden.
Durch dieses Zusammenpressen der kopffdrmigen Verdik-
kung 10 ist es moglich, deren AuBendurchmesser zu redu--
zieren, so daB die kopfférmige Verdickung 10 in die
Durchsteckoffnung 2 eingeschoben werden kann, obwohl
diese an den engeren {bergangsstellen zur Oberseite 4
und zur Unterseite 5 einen Innendurchmesser aufweist,
der kleiner ist als der AuBendurchmesser der unverform-
ten, nicht zusammengedriickten kopfftérmigen Verdickung
10. Beim Einschieben dieser kopffdrmigen Verdickung 10
wird diese elastisch zusammengeprefit und schnappt nach
dem Eindricken wieder elastisch auseinander, wobei die
bauchige Umfangsfldche 11 in die Hinterschneidung 6 der
Durchsteck&ffnung 2 eingreift. Dadurch wird die Kno-
chenschraube 7 in der Durchsteck&ffnung 2 in axialer
Richtung festgelegt, ohne allerdings die freie Drehbar-
keit der Knochenschraube um ihre Lingsachse und zus#tz-
lich auch um in der Ebene der Knochenplatte 1 liegende
Schwenkachsen zu beeintrdchtigen. Damit wird eine dreh-
gelenkartige Verbindung zwischen Knochenschraube 7 und
Knochenplatte 1 hergestellt.

Die Knochenschraube 7 kann in geeigneter Weise durch
ein Werkzeug verdreht werden, dieses kann beispielswei-
se in die Einschnitte 12 eingreifen oder in die Sack-
lochbohrung 14, die zu diesem Zweck einen unrunden
Querschnitt haben kann, beispielsweise einen Sechskant-

querschnitt.
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In die Sacklochbohrung 14 ist ein Kern 16 einsetzbar,
der so geformt ist, daB er die Sacklochbohrung 14 im
wesentlichen vollstidndig ausfiillt. Der Kern 16 weist
einen langlichen Stift 17 auf, der in den unteren, im
Schaft 8 angeordneten Teil der Sacklochbohrung 14 ein-
greift, und eine zylindrische Verdickung 18, die in den
erweiterten Bereich 15 der Sacklochbohrung 14 ein-
taucht. Dabei sind die Abmessungen so gewdhlt, daBl der
Kern 16 in die Sacklochbohrung 14 eintritt, ohne diese

aufzuweiten.

wenn der Kern 16 in dieser Weise in die Knochenschraube
7 eingesetzt ist, wird durch die vollstédndige Ausful-
lung des erweiterten Bereichs 15 der Sacklochbohrung 14
die elastische Verbiegung der Abschnitte 13 radial nach
innen behindert, d.h. es ist nicht mehr méglich, den
AuBendurchmesser der kopff&rmigen Verdickung 10 der
Knochenschraube 7 zu reduzieren. Wenn die Knochen-
schraube 7 in die Durchsteck&dffnung 2 eingesetzt ist,
ist es daher nicht mehr méglich, die kopffdrmige Ver-
dickung 10 aus der Hinterschneidung 6 zu entfernen, man
erhilt auf diese Weise also eine Verriegelung der Xno-
chenschraube 7 in der Knochenplatte 1, ohne daB jedoch
eine Verklemmung erfolgt. Trotz dieser Verriegelung
bleibt die Knochenschraube frei drehbar und frei ver-
schwenkbar in der Durchsteckéffnung 2 gehalten, so daB
die Drehgelenkeigenschaft der Verbindung zwischen Kno-
chenschraube 7 und Knochénplatte 1 in keiner Weise be-

eintrdchtigt wird.
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PATENTANSPRUCHE

1. Orthopiddisches Haltesystem mit mindestens einem
Implantatteil, das mindestens eine Durchsteckdff-
nung aufweist, und mit stiftférmigen Halteelemen-
ten, die in die Durchsteckdéffnungen eingesetzt
werden, wobei die Durchsteckdffnungen Erweiterun-
gen aufweisen, die eine elastisch zusammendrick-
bare kopfférmige Verdickung der Halteelemente
aufnehmen, wobei die Erweiterungen einen AuSen-
durchmesser aufweisen, der geringfigig kleiner
ist als die nicht elastisch zusammengedrickte
kopfférmige Verdickung, und wobei die Erweiterun-
gen Hinterschneidungen aufweisen, in die die
kopfformige Verdickung nach dem Einschieben in
die Erweiterung elastisch eingreift, und mit ei-
nem Sackloch im Bereich der kopffdrmigen Verdik-
kung des Halteelements, in das ein dieses ausfiil-
lender Kern einschiebbar ist, dadurch gekenn-
zeichnet, daB8 der Kern (16) so bemessen ist, daf
er die kopfférmige Verdickung (10) in seiner in
das Sackloch (14) eingeschcbenen Stellung verrie-

gelt chne sie aufzuweiten.

2. Haltesystem nach Anspruch 1, dadurch gekennzeich-
net, daB die kopfftrmige Verdickung (10) durch
mehrere elastisch radial nach innen biegbare Tei-
le (13) des Halteelements (7) gebildet wird.
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Haltesystem nach Anspruch 2, dadurch gekennzeich-
net, daB die elastisch nach innen biegbaren Teile
(13) durch radial verlaufende Einschnitte (12)
voneinander getrennte, einstiickig mit dem Halte-
element (7) ausgebildete Abschnitte des Halteele-
ments (7) singd.

Haltesystem nach einem der voranstehenden Ansprii-
che, dadurch gekennzeichnet, daB das Sackloch
(14} sich zum freien Ende des Halteelements (7)

hin stufig verengt.

Haltesystem nach einem der voranstehenden Anspriu-
che, dadurch gekennzeichnet, daB das Sackloch
(14) kreiszylindrisch ausgebildet ist.

Haltesystem nach einem der voranstehenden Ansprii-
che, dadurch gekennzeichnet, daB die Erweiterung
eine kugelringf®rmige Innenfl&che (3) und die
kopffirmige Verdickung (10) eine komplementdre
kugelringfdrmige AuBenflache (11) aufweisen, de-
ren gréBter Durchmesser im Innern des Implantat-
teils (1) im Abstand von dessen AuBenflichen (4,
5) angeordnet ist.

Haltesystem nach einem der voranstehenden Ansprii-
che, dadurch gekennzeichnet, daB das Halteelement
eine Knochenschraube (7) ist.
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8. Haltesystem nach einem der Anspriiche 1 bis 7, da-
durch gekennzeichnet, daB das Halteelement eine
Schraube mit einem Maschinengewinde ist.

g. Haltesystem nach einem der voranstehenden Ansprii-
che, dadurch gekennzeichnet, daf3 das Implantat-
teil eine Knochenplatte (1) ist.

10. Haltesystem nach einem der Anspriiche 1 bis 9, da-
durch gekennzeichnet, daB das Halteelement zweil

cder mehr Implantatteile miteinander verbindet.

11. Haltesystem nach Anspruch 10, dadurch gekenn-
zeichnet, daB die beiden Halteelemente platten-
fdérmig ausgebildet sind.

12. Haltesystem nach einem der Anspriche 1 bis 10,
dadurch gekennzeichnet, daB ein Implantatteil ei-
ne Knochenplatte ist und das andere eine Endopro-

these.
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later than the pnonty date clamed

by or

T later d published after the nter al filing date
or pnonty date and not in conflict with the applicagon but
ated W understand the pnnaple or theory underiying the
wnvention

"X* document of particular relevance; the clamed invention
cannot be considered novel or cannot be consdered to
involve an mvenuve step when the document 15 Laken alone

"Y' document of particular relevance; the claimed invention
cannot be considered to tnvolve an tnwentive step when the
document 1s combined wmith one or more other such docu-
ments, such xnation heing ob to & person shilled
1n the art

"&° document member of the skme patent {armify

Date of the actual camplenon of the intananonal search

7 April 1997

Date of mailing of the internauonal scarch report

12.04.97

Name and matling address of U ISA
Euwvopean Patent Office, P.B, 5318 Patentlaan 2
NL - 2280 BV Rejswijk
Tel. { + 31-70) 340-2040, Tx. 3} 65} cpo nl,
Fax ( +31-70) 340-3016

Authonzed officer

Nice, P
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EP 0293411 A 07-12-88
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.}. ANMELDUNGSGEGENSTANDES

P

?LASSIFIZIERUNG D

ES
6 A61B17/80

Nach der Inmternationalen Pawentklasafikanon (IPK) oder nach der nationalen Klassifikanon und der IPK

B. RECHERCHIERTE GEBIETE

Recherchicrter Mindestprufstoff {Klasuifikatonssystemn und Klasahkagonssymbole )

IPK 6 A61B

Recherchicrte aber mcht Tum Mindestprufstoff gehérende Verdffentlichungen, soweit diese unter dic recherchaerien Gebicte fallen

Wahrena det internatonalen Recherche konsulbene elekromsche Datenbank (Name der Datenbank und evil. verwendete Suchbegriffe)

C. ALS WESENTLICH ANGESEHENE UNTERLAGEN

siehe Seite 4, Zeile 26 - Seite 5, Zeile
12; Abbildungen 1,7,26,27

A WO 94 26193 A (INDUSTRIEAB ELCS) i-5,
24 November 1994

siehe Seite 13, Zeile 8 - Seite 14, Zeile
12; Abbildungen 2,7

Kategone” | Bezeichnung der Veroftentichung, sowat erforderlich unter Angabe der in Betracht xommenden Tale Betr. Anspruch Nr.
A WO 88 03781 A (J.RAVEH) 2.Juni 1988 1-3,5-7,
in der Anmeldung erwdhnt 9

7,9

Euwropiisches Patentame, P.B. 5812 Patentlaan 2
NL - 2280 HV Rijwiik

Tel. { + 31-70) 340-2040, Tx. 31 65} epo nl, N 3 P
Fax ( + 31.70) 340-016 1ce,

Wettere Verolfentlichungen sind der Foruezung von Feld C 2w Siche Anhang Patentfamilie
entnchmen
* Besondere Kateg: von angegeb Veroffentlichung : T ?‘i:ur: Verdffenthchung, die nach dem inter |:1nd A d:; datm
e - . ) . . r dem Priontitsd. veroffenthicht worden ist mat
A r;z‘:"mutz'ﬂ" d'f.de'Ldlm inen Sung dTnT“m" definert, Anmeldung fucht koliidier, sondern nur zumVerstindras des det
2 de nzZips oder der ihr 2 hegenden
‘E° ilteres Dokument, das jedoch arst am oder aach dem mternationalen %{"fﬁ?ﬁfﬁﬂn ‘_l:‘c'endm Ponzipe thr 2ugrundelege
Anmeldedatum verifenthicht worden ist *X* Verbffenthich von b derer Bed die b uchte Erfindun.
*L" Verdffentlichung, dic geeignet ist, einen Priorititsanspruch zweifelhafl er- kann allewn aufgrund dieser Veféﬁmuichu;; rucht als neu ader auf
scheinen zu fassen, oder durch die das Veroffenthchungidatumn ciner erfinderischer Titigkat beruhend betrachtet werden
mlclkrtn 1m Recherchenbencht genannieh Vei:offcnd:chmgkbtht werden -y~ Verbffentlichung von besonderer Bedeurung: die beanspruchte Erfind
soll oder dic aus einem anderen en Grund angegeben it {we Xann micht als auf erfinderischer Tatigheit beruhend betrachiet
. ausgefuhrt} . werden, wenn tie Verdifentichung mit exner oder mehreren anderen
0" Veroffendichung. dic sich auf ane miindiiche Offenbarung. Veroffentichungen dieser Kategone in Verbindung gebracht wird und
ane Benutzung, aine Ausstellung oder andere MaBnahmen beacht diese Verbindung tur anen Facl nahehegend 15t
‘P* Verdffenthichung, e vor dem intemauonalen Anmeldedatum, aber nach “&° Verdffentlichung, die Mitglied derselben Patentiamshe 1t
dem beanspruchten Priontitsdatum verdifentlicht worden ist eroffentichung, dic Mitglied derse stentfamslic |
Dawm des Abschl der anter fen Recharche Absendedatumn des intemabonalen Recherchenbenchis
7.April 1997 12.04.97
Name und Postanschnft der Inter Je Recherchenbehdrde Bevollmachtigter Bechensteter

Formblatt PCT/ASAS210 (Blaw 1) {Juk 1991)
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WO 8803781 A 02-06-88 CH 672245 A 15-11-89

CH 669105 A 28-02-89
EP 0293411 A 07-12-88
JP 2500490 T 22-02-90
WO 9426193 A 24-11-94 SE 501265 C 19-12-94
SE 9301578 A 08-11-94
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