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Description

[0001] The invention concerns improvements in and
relatingto vertebral-column fusion devices. In particular,
but not exclusively, the invention relates to a vertebral-
column fusion device that is suitable to be received in
an intervertebral space between two dorsal vertebrae,
said a fusion device comprising a curved strip of bio-
compatible material, with the width of the strip being
such that after placement said strip makes contact with
the aforementioned vertebrae.

[0002] Fusion devices aim to promote fusion of the
adjoining vertebrae together. As such they are distinct
from disc replacements where the new disc aims to mir-
ror the behaviour of and given the mobility of the natural
disc it replaces.

[0003] Fusion devices, inthe most general sense, are
known and are employed in cases where, as a result of
accident, overloading, old age or otherwise, an interver-
tebral disc of the dorsal vertebral column is no longer
able to perform its normal supporting and stabilising
function. In these cases there is fitted in the space of
said intervertebral disc a device which entirely or par-
tially takes overthe load-bearing function of the interver-
tebral disc until bone fusion has taken place. Known fu-
sion devices of this type are constituted by a so-called
cage construction with a closed peripheral surface
which, for example, may have a cylindrical shape, and
two end faces which after placement make contact with
the two vertebrae bounding the intervening space. This
type of fusion device is introduced into the intervertebral
space by means of a surgical intervention and is ma-
noeuvred into a precise position. Moreover, for good sta-
bility and satisfactory load-bearing capacity it is usually
necessary to fit two of these device in the intervertebral
space, side by side, one on each side of the vertebral
column.

[0004] One disadvantage of these known devices is
that they are difficult to fit in the intervertebral space,
fitment being effected by means of a labourious, time-
consuming and therefore expensive surgical interven-
tion, in the course of which a relatively large access
opening has to be made, with destabilisation and local
trauma as a consequence. In the case of a posterior ap-
proach this is effected, as a rule, on the left and/ or right
sides of the spinal cord and in either case results in a
fairly serious intervention.

[0005] US 5716416 and US 5919235 are examples
of disc replacements where the aim is to mimic normal
disc function, not eliminate movement to promote fu-
sion. Neither device features the use of shape memory
alloys.

[0006] The invention has amongst its aims to provide
a better device that is simpler to fit in the intervertebral
space and that, while preserving the simplicity of fitting,
can nevertheless have a larger and therefore more fa-
vourable bearing surface than the known devices.
[0007] According to the invention we provide an in-
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tervertebral device as defined in claim 1.

[0008] The intervertebral fusion device promotes fu-
sion of one vertebrae to an adjacent vertebrae with the
device there between. Fusion may be promoted by the
ingrowth of bone or other material. The fusion device
may restrain movement of one vertebrae relative to the
other vertebrae the fusion device contacts.

[0009] The elongate element may be a substantially
planar element, for instance a strip or sheet.

[0010] The elongate elementmay have a non-rectilin-
ear cross-section at one or more locations along its
length. The non-rectilinear cross-section may be provid-
edthroughout the length. The non-rectilinear cross-sec-
tion may be provided at a plurality of locations along the
length, with a rectilinear cross-section being provided at
a location between two or more of those locations, ide-
ally between each of those non-rectilinear cross-sec-
tions. The non-rectilinear cross-section may provide an
increased thickness portion at the upper edge/upper
load bearing surface and/or at the lower edge/lower load
bearing surface of the elongate element. The non-rec-
tilinear cross-section may be of alinear C-shaped cross-
section. The portions of the elongate element having a
non-rectilinear cross-section may have the same profile
in the first and second states. The portions of the elon-
gate element between the non-rectilinear portions may
flex and/or bend during the change from first to second
state and/or vice-versa.

[0011] The elongate element may be a mesh. The
elongate element may be continuous or may have one
ormore holes or apertures in it. The holes may be round
and / or oval and/or triangular and/or diamond shaped.
[0012] The elongate element may have a linear upper
load bearing surface or surfaces. The elongate element
may have a discontinuous upper surface. One or more
indentations may be provided in the upper load bearing
surface. The elongate element may have a serrated up-
per load bearing surface or surfaces. The elongate ele-
ment may have one or more protrusions or spikes pro-
vided onthe upper load bearing surface or surfaces. The
upper surface of the elongate element may be defined
by one or more, preferably linear, load bearing surfaces
interspaced by one or more indentations. The indenta-
tions may betriangularin shape. The upperload bearing
surface or surfaces of the elongate element may be pro-
vided with one or more protrusions or teeth. The protru-
sions or teeth may have a triangular profile.

[0013] The elongate element may have a linear lower
load bearing surface or surfaces. The elongate element
may have a discontinuous lower surface. One or more
indentations may be provided in the lower load bearing
surface. The elongate element may have a serrated low-
er load bearing surface or surfaces. The elongate ele-
ment may have one or more protrusions or spikes pro-
vided on the lower load bearing surface or surfaces. The
lower surface of the elongate element may be defined
by one or more, preferably linear, load bearing surfaces
interspaced by one or more indentations. The indenta-
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tions may be triangularin shape. The lower load bearing
surface or surfaces of the elongate element may be pro-
vided with one or more protrusions or teeth. The protru-
sions or teeth may have a triangular profile.

[0014] The upperand lower load bearing surface and/
or one or more of the upper and lower load bearing sur-
faces may be parallel to one another. The upper and
lower load bearing surface and/or one or more of the
upper and lower load bearing surfaces may be angled
relative to one another. The angle between a projection
of the upper load bearing surfaces and/or at least one
of the upper load bearing surfaces and the lower load
bearing surface and/or at least one of the lower load
bearing surfaces may be 5° to 15°, more preferably 7°
to 13°. More preferably the angle is 8° to 12°, still more
preferably 9° to 11° and ideally is 10°. One or both of
the upper or lower load bearing surfaces may be non-
perpendicular to the height of the elongate element.
[0015] The upper and/or lower load bearing surface
or surfaces may contact and/or enter the vertebrae in
use.

[0016] The vertical spacing of the upper and lower
load bearing surface or surfaces may be between 7mm
and 20mm, preferably between 8mm and 17mm and
ideally between 9mm and 15mm. The maximum vertical
spacing is preferably less than 22mm, more preferably
less than 19mm and ideally less than 17mm. The max-
imum vertical spacing is preferably provided at one or
both ends of the elongate element, particularly when the
device is introduced from the anterior side of the patient.
The maximum vertical spacing is preferably provided
within the middle portion of the elongate element, par-
ticularly when the device is introduced from the posterior
side of the patient.

[0017] The minimum vertical spacing is preferably
more than 4mm, more preferably more than 5mm and
ideally more than 6mm. The minimum vertical spacing
is preferably provided at one or both ends of the elon-
gate element, particularly when the device is introduced
from the posterior side of the patient. The minimum ver-
tical spacing is preferably provided within the middle
portion of the elongate element, particularly when the
device is introduced from the anterior side of the patient.
[0018] The first state may provide a linear configura-
tionforthe elongate element. The first state may provide
a non-linear configuration, for instance a curve or wave-
form, for the elongate element. A non-linear configura-
tion may mean one end of the elongate element being
offset from a tangent to the other end by less than 5mm,
preferably less than 4mm, more preferably less than
2mm and ideally less than imm. A non-linear configu-
ration may mean one or more portions of the elongate
element being disposed to one side or the other side,
relative to a centre line of the elongate element. The one
or more portions may be so disposed by one or curves,
preferably alternating direction curves, ideally a wave-
form. The first state may provide a configuration in which
one end of the elongate element is further, in a straight
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line, from the other end of the elongate element than
any other component. The part of the elongate element
intervening the two ends may be non-linear, forinstance
including one or more curves. A wave form consisting
of alternating curves of opposing direction is particularly
preferred.

[0019] The second state may provide a configuration
inwhich atleast a part of the elongate element is curved.
The second state may provide a situation in which the
entire length of the elongate element is curved. The
curve may be of constant radius throughout the length
of the elongate element. The curve may be a various
radii over the length of the elongate element. The mini-
um radius is preferably at least 3mm and more prefera-
bly 5mm.

[0020] The second state may provide a configuration
in which at least a part of the elongate element is curved
and in which at least a part of the elongate element has
a waveform and/or serpentine and/or wavy profile. The
parts may be the same part of the elongate element.
The curves forming the waveform may have a radius of
less than 1mm.

[0021] In the second state the elongate element may
have a configuration which is a part circle and/or full cir-
cle and/or spiral and/or U-shape and/or a part oval and/
or full oval. The ends of the elongate element may be
touching or may be apart in the second state. One end
of the elongate element may be tucked behind the other
in the second state, touching or not touching

[0022] Preferably the elongate element is formed of a
single piece of shape memory alloy.

[0023] The shape memory alloy is preferably an alloy
of titanium, most preferably with nickel. The shape
memory alloy may be an alloy of copper and zinc and/
or aluminium. The shape memory alloy may be an alloy
of iron and nickel. The shape memory alloy may be an
alloy of copper, aluminium and nickel. The alloys may
include other elements.

[0024] The transition from second state to first state
is preferably provided in the warm state for the shape
memory alloy. The transition from the first to second
state is preferably provided in the warm state for the
shape memory alloy. The elongate element may be
brought into in the cold state, prior to or during insertion
and/or be in the cold state after insertion, at least tem-
porarily. The transition from first state to second state
may be caused by the elongate element passing from
the cold state to the warm state in the patient. The pas-
sage from cold state to warm state may be be caused
by body heat and/ or external heating.

[0025] The transition from second to first state is pref-
erably achieved by the application of stress to the elon-
gate element. The transition from first to second state is
preferably achieved by the removal of the application of
stress to the elongate element.

[0026] Theshape memory alloy preferably undergoes
pseudo-plastic deformation during the transition from
first to second state. The transition from first to second
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state preferably involves a strain of less than 10% for
any part of the elongate element, more preferably the
elongation is less than 8% for any part.

[0027] The elongate element preferably has a thick-
ness, for instance perpendicular to the vertical in use,
of less than 2mm and more preferably of less than
1.5mm. A thickness of between 1mm and 1.5mm is pre-
ferred.

[0028] The elongate element may have a constant
thickness throughout its length and/or width. The elon-
gate element may be provided with one or more reduced
thickness portions. The reduced thickness portion or
portions may be provided by recesses and/or notches
and/or grooves in the elongate element. Preferably the
surfaces defining the elongate element and feature de-
fining the reduced thickness portion are connected by
rounded surfaces. The reduced thickness portion may
have an extent along the elongate element at that re-
ducedthickness. Thefeature defining the reduced thick-
ness portion may include a curved portion linking the
elongate element at normal thickness to the elongate
element at reduced thickness, with a further curve link-
ing the reduced thickness to the normal thickness of the
elongate element. Preferably the feature defining the re-
duced thickness portion is provided on the outside sur-
face of the elongate element. The feature defining the
reduced thickness portion preferably extends through-
out the width of the elongate element. The features de-
fining the reduced thickness portion may be regularly
spaced along the length of the elongate element. The
features defining the reduced thickness portion or por-
tions may be irregularly spaced along the length of the
elongate element. In particular, the features defining the
reduced thickness portion may be preferentially provid-
ed in the portion of the elongate element which under-
goes the greatest change, even the change, in profile
between the first and second state. The features defin-
ing the reduced thickness portion may be less frequently
provided or absent from the portion or portions of the
elongate element undergoing least or no change in pro-
file between the first and second state.

[0029] Where the elongate element includes one or
more reduced thickness portions and / or one or more
enhanced thickness portions, it is preferred that the
elongate element have a minimum thickness, in the re-
duced thickness portions, of at least 0.4mm. It is pre-
ferred that the elongate element has a maximum thick-
ness, in the non-reduced thickness portions, or en-
hanced thickness portions of at most 3mm.

[0030] The maximum extent of the elongate element,
measured from any point to any other in a straight line,
is preferably less than 50mm, more preferably less than
40mm and ideally less than 35mm. The maximum ex-
tent of the elongate element, measured from any point
to any other in a straight line, is preferably at least 7mm,
more preferably at least 10mm and ideally at least
12mm.

[0031] One or both ends, preferably only the trailing
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end during insertion, of the device may be provided with
an engagement profile. the engagement profile is pref-
erably used to link the device to a surgical instrument,
particularly a surgical instrument for inserting the de-
vice. the engagement profile preferably provides an en-
gagement with the instrument during insertion and / or
removal and/ormanipulation and/ oradvancement and
/ or retraction of the device.

[0032] The engagement profile preferably provides
one or more surfaces, at least in part, facing away from
the other end of the device. Such a surface may provide
an abutment surface during insertion. The engagement
profile preferably provides one ormore surfaces, at least
in part, facing the other end of the device. Such a surface
may provide an abutment surface during retraction and
/ or manipulation.

[0033] The engagement profile may include a surface
extending from the end of the device, a second surface
extruding from the end of the device and a third surface
linking the two. The third surface may be generally par-
allel to the end of the device. The first and second sur-
faces are preferably non-perpendicular to the end of the
device and/ornon-parallel to one another. The engage-
ment profile may define a protruding dovetail from the
end of the device, ideally defined by the first, second
and third surfaces.

[0034] The engagement profile may include a recess
in the device defined by afirst surface extending into the
device, a second surface extending into the device and
a third surface linking the two. The third surface may be
generally parallel to the end of the device. The first and
second surfaces are preferably non-perpendicular to
the end of the device and/ or non-parallel to one anoth-
er. The engagement profile may define a recessed
dovetail, ideally defined by the first, second and third
surfaces.

[0035] The invention may be a vertebral-column de-
vice / prosthesis, suitable to be received in an interver-
tebral space between two dorsal vertebrae, said pros-
thesis comprising a curved strip of biocompatible mate-
rial and the width of said strip being such that after place-
ment said strip makes contact with the aforementioned
vertebrae, characterised in that the strip is manufac-
tured from a material that can undergo great elastic de-
formations before permanent deformation arises, and
the strip is curved in a shape in which the extremities
are situated apart from one another and the radius of
the bent parts and the thickness of the strip are chosen
in such a way that when the strip is bent out into an ap-
proximately straight strip scarcely any permanent defor-
mation arises, whereby the strip which has been bent
out into an approximately straight strip is capable of be-
ing introduced into an intervertebral space where the
strip assumes its original curved shape.

[0036] The strip may be manufactured from a shape
memory alloy / memory material, such as an alloy of ti-
tanium and nickel, which can undergo great deformation
before permanent deformation arises.
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[0037] The curved strip may have a U-shape. The
curved strip may have a circular shape. The curved strip
may have a spiral shape. The strip may have an oval
shape.

[0038] The strip may have a thickness of 1.5 mm and
the curved parts of the strip exhibit a radius of at least
12.5 mm. Where the minimum thickness of the elongate
element is less than 1.5mm, for instance, less than
1mm, the curved parts of the strip may exhibit a radius
of at least 8mm.

[0039] The strip may be provided with holes. The strip
may have a gauze structure.

[0040] The strip may have provided on its sides with
projections which after the strip has been fitted in the
intervertebral space come into contact with the two ver-
tebrae bounding said space and fix the strip with respect
to them.

[0041] The device may exhibit the characteristic that
the strip is manufactured from a material that can un-
dergo great deformations before permanent deforma-
tion arises, and the strip is curved in a shape in which
the extremities are situated apart from one another and
the radius of the curved parts as well as the thickness
of the strip are chosen in such a way that when the strip
is bent out into an at least approximately straight strip
scarcely any permanent deformation arises, in which
case the strip which has been bent out into an approxi-
mately straight strip is capable of being introduced into
an intervertebral space where the strip assumes its orig-
inal curved shape.

[0042] The material of the strip may, moreover, be
constituted by a shape memory alloy / memory material
such as an alloy of titanium and nickel. Such a material
has, besides its advantageous property that it delivers
virtually constant force in the course of progressive de-
formation, the additional property that it can undergo
very great deformations of up to 6 % to 8 % without the
material deforming permanently.

[0043] Inthe case of the devices according to the in-
vention, optimal use is made of the aforementioned
properties by giving the strip such a curved shape that
crosscut edges are obtained which form a bearing sur-
face of the desired dimension for the vertebrae. Moreo-
ver, the curves of the strip are given a radius such that,
given the thickness of the strip which arises when the
strip is bent out into a straight strip, scarcely any or no
permanent deformations arise - that is to say, the defor-
mations remain below the order of 6 % to 8 % straight
can easily be inserted via a narrow slit-shaped incision
into the intervertebral space where the strip then reas-
sumes its original curved shape. Because the curved
strip can have crosscut faces of substantial dimension
in comparison with the crosscut faces of known devices,
with the device according to the invention it is possible
to use only one device which provides satisfactory load-
bearing strength and stability in an intervertebral space.
In this way the fitting of the device becomes simpler, be-
cause only one small opening is necessary for the in-
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sertion, causing less trauma. Depending on circum-
stances, the strip according to the invention can be
curved in a U-shape, a circular shape, a spiral shape, a
rectangular shape or any other desired shape. Another
favourable design of the device according to the inven-
tion exhibits the characteristic that the strip has a thick-
ness of 1.5 mm and the curved parts exhibit a radius of
at least 12.5 mm. In this way it is ensured that when the
strip is bent out into an almost straight strip the defor-
mation of the strip in the curved parts remains below 8
%, so that no permanent deformation or scarcely any
permanent deformation arises and the strip reassumes
its original curved shape after its introduction into the
intervertebral space.

[0044] In orderto promote a successful ingrowth and
accretion of bone, according to a further embodiment of
the devices according to the invention the strip is pro-
vided with holes or the strip is designed in the form of a
gauze.

[0045] In order to fix the device well in its place after
fitment in the intervertebral space, according to a further
embodiment the strip is provided on its sides with pro-
jections which come into contact with vertebrae bound-
ing the space and consequently oppose a displacement
with respect to them.

[0046] In a preferred form the invention may provide
an intervertebral fusion device, the device comprising
an elongate element, the elongate element providing
one or more upper load bearing surfaces and one or
more lower load bearing surfaces, the upper and lower
load bearing surfaces being vertically spaced from one
another by the elongate element, the elongate element
having a first state and a second state, the elongate el-
ement having a substantially linear configuration in the
first state and a less linear configuration in the second
state, the elongate element being capable of transition,
at least once, from the second state to first state and
being capable of transition, at least once, from the first
state to the second state, the elongate element being
formed of a plurality of elongate components which at
least in part extend alongside one another.

[0047] The elongate element may be provided with a
plurality of elongate components which contact one an-
other over at least a part, preferably all, of their length.
The elongate components may correspond to one an-
other in form. The elongate components may be of
matching form. The elongate components may be
equivalent to one another. Three, four or five elongate
components may be provided. The elongate compo-
nents may be in the form of a plurality of equivalently
configured strips, adjacent strips being in contact with
one another.

[0048] The elongate components are preferably con-
nected together to form a single elongate element. The
elongate components are preferably connected togeth-
er at one end, particularly the end which is inserted first
into the patient. The elongate components may be con-
nected together by one or more fastenings. The elon-
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gate components may be joinedtogether by one ormore
adhesive components.

[0049] This aspect of the invention may include for its
device any of the features, options or possibilities set
out elsewhere in this document.

[0050] The invention will now be described by way of
example only, and with reference to the accompanying
drawings, in which:-

Figs.1a,b,c,d, e, fandgeach show schematically,
in two mutually perpendicular views, a shape of a
device according to various embodiments of the in-
vention;

Fig. 2 shows, schematically and not to scale, an ex-
ample of avertebral column with a device according
to the invention received therein;

Fig. 3 shows schematically a further embodiment of
the invention and comprising a bent-straight strip of
a material, preferably memory material, which can
undergo great deformations before permanent de-
formation arises;

Fig. 4 shows in cross-section, schematically and not
to scale, one embodiment of an apparatus for in-
serting a device according to the invention into an
intervertebral space;

Fig. 5 shows a cross-section of the apparatus end
according to Figure 4 along line V-V,

Figures 6a and b illustrate two further embodiments
of devices according to the invention;

Figure 7 illustrates an alternative embodiment of
apparatus for inserting a device according to the in-
vention into an intervertebral space;

Figure 8 illustrates the elongation with stress be-
haviour of memory metals during deformation and
relaxing;

Figure 9a shows a partial view of two vertebrae and
the end of an apparatus for dispensing a device ac-
cording to the invention in the position in which it is
initially inserted;

Figure 9b shows the partial view of Figure 9a with
the apparatus rotated to the position in which the
device is dispensed;

Figure 10 shows schematically an alternative de-
vice according to an alternative form of the present
invention;

Figures 11a, 11b and 11c¢ show three different situ-
ations in which a pair of devices according to the
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invention are inserted between a pair of vertebrae;
and

Figure 12 illustrates a detail of one end of a device
according to yet another embodiment of the present
invention.

[0051] In Figure 1aadevice accordingtothe invention
is shown in the form of a strip 1 of shape memory alloy,
commonly known as memory material or metal, which
exhibits a circular shape.

[0052] In Figure 1b a device is shown consisting of a
strip 1 of memory material which has a spiral shape.
[0053] In Figure 1¢ a device is shown which compris-
es a strip 1 of memory material which has a U-shape.
[0054] In Figure 1d a device is shown with a strip 1 of
memory material which has the shape of an oval.
[0055] In Figure 1e a device is shown with a strip 1 of
memory material which has an overall partial circular
form, but in which the strip is also provided with a wave-
form along its length. The strip thus extends beyond and
within, alternately, the dotted line circular profile. One of
the key features for such a form of the device is that the
thickness of the material at any point is not increased
(thus maintaining flexibility) whilst the overall length of
material inserted in a given location is increased. This
inturn increases the surface area of the top and bottoms
of the strip which are available to support the vertebrae
in use. Equivalent bearing surfaces can effectively be
provided, using such a profile, to a device as illustrated
in Figure 1a, for instance, but with a thinner strip of ma-
terial being used. The waveform also provides en-
hanced flexibility. Good flexibility for the device to ease
insertion and good support capability for the device once
positioned are thus both ensured. Such device forms
may also be beneficial in the stored state, prior to use,
where lower constraining forces may be needed to keep
the device in the form ready for dispensing; in this case
a waveform extending linearly as shown in the bottom
of the three views of Figure 1e.

[0056] In Figure 1f again a device is shown inthe form
of a strip 1 of memory material which has a circular form.
In this case the strip has a series of notches 1a in its
external surface. The notches 1a have a maximum
depth, into the thickness of the strip, of around 50% the
thickness of the strip. The notches 1a extend across the
full width of the strip in substantially the same profile and
are evenly spaced along the length of the strip. The
notches 1a in such a device provide locations to prefer-
entially accommodate the deformation of the strip in the
pre-dispense form. The remainder of the strip provides
a significant thickness, and hence top and bottom sur-
face areas, to achieve the desired level of support for
the vertebrae they contact in use. Again a successful
balance of flexibility to allow insertion and support area
to maintain the separation of vertebrae is provided. The
bottom illustration of the three in Figure 1f shows the
device in its linear profile, suitable for dispense.
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[0057] In Figure 1g another strip 1 is illustrated, on
this occasion with a non-rectilinear cross-section in cer-
tain parts 1c. In these parts 1c the top and bottom load
bearing surfaces of the strip 1 are extended. Between
the expanded parts are rectilinear cross-sectioned parts
1d. Itis atthese parts 1d that most of the bending occurs
during the transition from the first to second state and
vice-versa. This linear C-shaped cross-section offers
expanded suppott capability through increased bearing
area, but still maintains flexibility.

[0058] The strip 1 of the foregoing figures is manufac-
tured from a shape memory alloy which is constituted
by an alloy of copper and zinc or titanium and nickel or
nickel andiron. Shape memory alloys, due to their pseu-
do-plastic behaviour, has the property that it can under-
go deformations of up to 8 % before it exhibits perma-
nent deformations. By giving a strip of this material a
thickness and radii of curvature so that in the course of
its being bent out into a straight strip no deformations of
more than 8 % arise, such a strip will reassume its orig-
inal curved shape after being bent outinto a straight strip
and subsequently released. In practice, therefore, the
devices according to Figures 1 a, b, ¢, d, e, fand g can
be manufactured from a strip with a thickness of ideally
1.5 mm and the radii of curvature of the curved parts are
ideally greater than 12.5 mm where a uniform thickness
of strip is used. In the cases where reduced thickness
portions are provided for the strips, the thickness could
be considerably thinner, for instance down to 0.4mm, at
those reduced thickness locations. The radius of curva-
ture may also be less in such cases, for instance greater
than 8mm. In this way, these strips will always resume
their original shape after being deformed. This means
that, after being deformed into an almost straight strip,
such devices can be introduced, via a narrow slit made
in the spine bounding the intervertebral space, into said
intervertebral space where they then resume their orig-
inal shape. In that position the end faces 2 and 3 then
come into contact with the adjacent vertebrae, in which
case the strip then performs a supporting and stabilising
function for these vertebrae and thus takes over the
load-bearing function of the intervertebral disc untilbone
fusion has come about. By virtue of the fact that the over-
all transverse dimension of this type of device can be
fairly large, it is possible for the fitting of only one pros-
thesis to suffice.

[0059] An example of a device of the type according
tothe invention which is fitted in the intervertebral space
of avertebral column is shown schematically in Figure 2.
[0060] A strip 1inthe deformed state, is shown in Fig-
ure 3, wherein itis further indicated that such a strip may
possibly also be provided with edges 4 and 5 which are
not smooth but serrated. These serrated edges ensures
that after placement of the device the latter remains well
positioned with respect to the vertebrae making contact
with it. The strip may possibly also be provided with
holes 6 which promote the ingrowth and accretion of
bone.
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[0061] For introduction of the strip 1, use may be
made of apparatus according to Figure 4. Said appara-
tus comprises a tubular part 7 which, as shown in Figure
5, has a rectangular cross-section in which a strip 1,
which has been deformed straight, can be received. On
the end of the strip there rests a pressing-out block 8
which is provided on a long rod 9. Fastened to the rod
9, with some clearance, is a plate 10, whereby a spring
11 which presses said plate against one end of a rotat-
able operating lever 12 acts on one side of said plate.
On the other side of the lever a spring 13 which presses
a blocking lever 14 into its blocking state is fitted in the
apparatus.

[0062] The operation of the apparatus is as follows.
By pressing the plate 10 to the right with the lever 12
said plate will tilt and thereby be locked onto the rod 9,
which is moved to the right by further movement of the
lever 12, as a result of which the block 8 will press the
strip 1 outwards. By now moving the lever back to the
left, the plate 10 will also move back with it. Moreover,
the rod 9 remains in its place by virtue of the fact that
movement thereof to the left is blocked by the blocking
lever 14. In this way, by moving the lever 12 back and
forth a number of times, the strip 1 will be pressed in
stepwise manner out of the receiving tube 7 into an in-
tervertebral space, for example. After the strip has been
pressed out of the tube, the block 8 and the rod 9 can
be brought back into their initial position by pressing on
the blocking lever, as a result of which the blockage is
cleared and the rod with the block 8 can be moved to
the left.

[0063] Further potential embodiments for the device
are illustrated in Figures 6a and 6b. In Figure 6a a strip
20 of material is provided with apertures 22 in the solid
wall of the strip and indentations 24 in the upper and
lower surface of the strip. The indentations 24 leave an
upper load bearing surface 26 and lower load bearing
surface 28 which due to their reduced surface area of-
fers resistance to movement of the strip relative to the
vertebrae. In the Figure 6a embodiment the strip is of
greater height on one side of the curve (side A in Figure
6a) compared with the other side of the curve (side B in
Figure 6a). In effect side B is the location on the strip
where the opening between the two ends is provided.
The different heights for the strip at different locations
and a gradual tapering between the two on both upper
and lower load bearing surfaces provides a closer match
between the device and the attitude of the vertebrae in
practice. The angle, a, defined by a projection of the up-
per and lower surfaces, may be between 8 and 12° and
is preferably 10°.

[0064] A similar embodiment of the device is illustrat-
edin Figure 6b, butin this case the upper and lowerload
bearing surfaces are parallel to one another.

[0065] It is highly desirable that the device is formed
of a single layer of material as this avoids the risk of
delamination, relative movement or other issues which
arise with multi layer materials. Strips of between 1 and
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1.5mm in thickness can be used to provide sufficiently
resilient devices which are capable of being straight-
enedto a linear profile. A radius of approximately 15mm
is preferred to effect a suitable fusion device using a sin-
gle device.

[0066] It is preferred that the device is relatively flex-
ible to forces exerted in the plane of the intervertebral
space/intervertebral disc. However, the height of the de-
vice and / or the height of the separation between ver-
tebrae it maintains does not vary.

[0067] Inthe alternative embodiment ofthe apparatus
illustrated in Figure 7, the permanent barrel of the Figure
4 embodiment is replaced by a disposable tube 30 which
can be releasably fastened on to the end of the appara-
tus 32 by screw threaded portions 33. The device 34 is
provided within the tube 30 and is sealed at both ends
by barriers 36. The device 34, therefore, is provided to
the apparatus in a fully sealed manner which maintains
it sterile during transport and dispensing.

[0068] In use, in a similar manner to the description
above for the Figure 4 embodiment, the piston 38 is ad-
vanced in the apparatus and pushes through the barrier
36 to contact the end 40 of the device 34 as a result.
Continued advancement of the piston 38 pushes the de-
vice 34 forward and causes it to rupture the barrier 36
and thereafter pass into the intervertebral space.
[0069] The use of shape memory alloys, including
memory metals, is advantageous during the dispensing
process. Whilst the walls of the tube containing the de-
vice are used to restrain it during dispensing, once clear
of the end of the tube the device begins to resume its
original profile. The pseudo-elastic properties of mem-
ory metal materials, as illustrated in Figure 8, mean that
there is a "delay" in the shape memory alloy resuming
its configuration as the stress is removed. Because of
this, shape memory alloys are far easierto dispense us-
ing such apparatus than other materials which would im-
mediately return to their original configuration upon re-
moval of the stress. The applicability of the invention is
not dependant on this possibility.

[0070] To insert devices according to the present in-
vention, a small incision is made and the disc in the in-
tervertebral space for which fusion is to be effected is
removed. The size of the incision is minimised tc mini-
mise surgical trauma. Subsequent to the disc's removal
the end of the apparatus for dispensing the device is
inserted into the aperture through which the disc has
been removed. The end of the device is inserted with
the device in a substantially flat orientation, see Figure
9a and is slowly rotated about its length to the orientation
of Figure 9b. In this way the external surface 50 of the
apparatus abuts the vertebrae as the apparatus is rotat-
ed, with continued rotation increasing the separation of
the vertebrae to the desired level where the device can
be introduced easily. The separation of the vertebrae
may be assisted by the use of spreader blocks.

[0071] In addition to the above mentioned technique
in which the device is straightened and then restrained
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during insertion to maintain it in the linear profile, it is
possible to make use of the different propetties of shape
memory alloys in their respective cold state and warm
state. In the warm state it is possible to straighten and
physically restrain in a position a normally curved strip.
If the temperature of the strip is then reduced, the de-
formation can be fixed using the cold state for the shape
memory alloy. In this cold state the device can then be
introduced into the intervertebral disc space, with the
warmth of the body into which the device is inserted
causingthe device to warm up once more and pass from
the cold state to warm state, whereupon the device as-
sumes its original curved configuration. The warming
process can be assisted beneficially by external heating
of the device. The device may be heated up to between
40°C and 50°C and then allowed to cool. The hysteresis
curve for the memory metal gives benefits in such a
case.

[0072] Whilst the invention is particularly concerned
with the use of shape memory alloys to achieve the de-
sired balance of flexibility and support in a spinal fusion
device, some of the benefits of the invention can be ob-
tained through the use of carefully configured conven-
tional materials, i.e. elastic materials. To achieve the aim
of inserting the device through a small insert in the spine
the device, Figure 10, is once again provided in the form
of a strip 100 which assumes a U-shaped profile in use.
To achieve the desired level of support in use from such
materials a significant upper and lower surface area
needs to be provided. With conventional material, how-
ever, this results in a strip which is insufficiently flexible
to be placed in a linear, pre-dispensed form, if a single
piece of material is used. To overcome this the device
in this embodiment is formed of a series of thinner strips
102 which are joined together by fixing piece 104 at one
end. In use this is the end which is inserted into the pa-
tient first. The thicknesses of the individual strips and
their ability to move relative to one another allows them
the desired degree of flexibility.

[0073] In the various embodiments as described
above a single device is inserted between a pair of ver-
tebrae to facilitate fusion thereof. In some cases, such
as osteoporosis, a greater level of bearing surface
needs to be provided and this can be achieved using
the present invention through two or more devices being
deployed between a pair of vertebrae. Three potential
configurations for such deployments are illustrated in
Figures 11a, 11b and 11c. In each case the main aim of
minimum invasion is achieved. In Figure 11athe two de-
vices 200 are provided in the same configuration, but
alongside one another. In the Figure 11b situation the
two devices 200 are provided with a part of each device
within the outline of the other. In the Figure 11¢ situation
one of the devices 200 is used to obstruct the gap be-
tween the two ends of the other device 200. Configura-
tions such as this mechanically assist the retention of
bone graft material in the fusion site.

[0074] Whilstthe device can readily be used using ap-
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paratus, such as that illustrated in Figure 4, which facil-
itates insertion only of the device. It may be desirable in
some cases, however, to be able to manipulate the de-
vice after insertion and/or to remove it. This may even
include removal of the device from the spine entirely by
retracting it into the apparatus. This may cause the de-
vice to assume the first state once more, from the sec-
ond state. To this end Figure 12 illustrates a modified
end portion 300 for a device 302 of the type described
above, and a cooperating part 304 of the dispensing ap-
paratus.

[0075] The end portion 300 of the device 302 has a
recess with a reduced width portion 306 and expanded
width portion 308 which together form a dove tail. The
maximum width of the portion 308 is less than the nor-
mal width 310 of the device 300 so as not to increase
the extent of invasion during surgery. By providing a cor-
responding protrusion 312 to the dove tail in the coop-
erating part 304 of the dispensing apparatus a good en-
gagement between the two can be provided.

[0076] As described above, advancing the driving part
of the apparatus causes the device 302, during implan-
tation, to be advanced into the patient, by means of the
cooperating part 304 and dove tail cooperation. If the
surgeon wishes to retract the device 302, however, that
is possible using this type of cooperation as any retrac-
tion of the cooperating part 304 of the device results in
withdrawal of the device 302. This may even include
transferringthe device from the second state back to the
first state by withdrawing it entirely to within the surgical
apparatus. Similarly manipulative movements can be
conveyed from the apparatus to the cooperating part
304 and hence to the device 302 in the patient.

[0077] Various means, from simply moving the whole
apparatus to retracting the cooperating part 304 into the
apparatus, can be used to effect the retraction and/or
manipulation of the device 302.

[0078] From the foregoing embodiments it should be
clear that the invention provides a device which can
have a large transverse dimension, so that the fitting of
one such device in an intervertebral space should be
able to suffice, it being possible for said device to be
fittedthrough a relatively narrow slit and with aless dras-
tic surgical intervention. It should also be clear that the
device is constituted by a strip of memory material which
may be curved in various ways, in which connection only
a few of the possible embodiments are shown above by
way of illustration. The term device should be taken as
potentially interchangeable with the term prosthesis.

Claims

1. An intervertebral device, the device comprising an
elongate element (1), the elongate element provid-
ing one or more upper load bearing surfaces (2) and
one ormore lower load bearing surfaces (3), the up-
per and lower load bearing surfaces (2,3) being ver-
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tically spaced from one another by the elongate el-
ement (1), the elongate element (1) having a first
state and a second state, the elongate element (1)
having a substantially linear configuration in the first
state and a less linear configuration in the second
state, the elongate element (1) being capable of
transition, at least once, from the second state to
first state and being capable of transition, at least
once, from the first state to the second state, char-
acterised in that the device is an intervertebral fu-
sion device, the elongate element is rigid in a direc-
tion parallel to the vetrtical spacing of the upper and
lower load bearing surfaces so that the height of the
device does not vary in use, and the elongate ele-
ment (1) is of a shape memory alloy.

A fusion device according to claim 1, in which, in
the second state, the ends of the elongate element
are apart and a bone graft material receiving space
is so provided within the outline of the device.

A fusion device according to claim 1 or claim 2, in
which the thickness of the device, perpendicular to
the direction parallel to the vertical spacing of the
upper and lower load bearing surfaces, is at most
3mm and the maximum extent of the device is less
then 50mm.

A fusion device according to any preceding claim,
in which the shape memory alloy is an alloy of at
least titanium and nickel.

A fusion device according to any preceding claim,
in which the upper and/or lower load bearing sur-
faces (2,3) have formations adapted to enter the
vertebrae in use.

A fusion device according to any preceding claim,
in which a surgical instrument engagement profile
(3086, 308) is provided at one end of the device (302)

A fusion device according any preceding claim, in
which the first state provides a linear configuration
for the elongate element (1).

A fusion device according to any preceding claim,
in which the first state provides a configuration in
which one end of the elongate element (1) is further
from the other end of the elongate element (1),
measured along a straight line, than from any other
part of the elongate element (1), the device having
a waveform configuration.

A fusion device according to any preceding claim,
in which the second state provides a configuration
in which at least a part of the elongate element (1)
is curved.
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A fusion device according to any preceding claim,
in which the second state provides a configuration
in which at least part of the elongate element (1) is
provided as a waveform and/or undulating strip.

A fusion device according to any preceding claim,
in which in the second state the elongate element
(1) has a configuration which is a part circle and/or
full circle and/or spiral and/or U-shape and/or a part
oval and/or full oval.

A fusion device according to any preceding claim,
in which the elongate element (1) has a different
thickness at one or more locations (1a) along its
length than at other locations along its length, the
reduced thickness locations extend across the full
width of the elongate element (1).

A fusion device according to claim 12, in which the
reduced thickness locations are provided by
grooves (1a) in the elongate element (1).

Afusion device accordingto claim 12 or 13, in which
the reduced thickness portions are preferentially
provided in the portion or portions of the elongate
element (1) which undergo a change in profile dur-
ing the transition from first to second state com-
pared with the portion or portions of the elongate
element (1) which undergo no or a lesserchange in
profile during the transition from the first to second
state.

A fusion device according to any preceding claim,
in which the elongate element (1) has a thickness
of less than 3mm.

A fusion device according to any preceding claim,
in which the maximum extent of the elongate ele-
ment (1), measured from any point to any other in
a straight line, is less than 50mm, when considered
in the second state.

A fusion device according to any preceding claim,
in which the elongate element (1) has a non-recti-
linear cross section at one or more locations (1c)
along its length, a rectilinear cross section being
provided at a location (1d) between those locations
(1c) of non-rectilinear cross section.

A fusion device according to claim 17, in which the
non-rectilinear cross section (1¢) provides an in-
creased thickness portion at the upper load bearing
surface (2) and atthe lower load bearing surface (3)
of the elongate element (1).

A fusion device according to any preceding claim,
in which the elongate element (1) has an upper load
bearing surface or surfaces (2) and a lower load
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bearing surface or surfaces (3), the upperand lower
load bearing surface and/or one or more of the up-
perand lowerload bearing surfaces (2,3) being par-
allel to one another.

A fusion device according to any preceding claim,
in which the elongate element (1) has an upper load
bearing surface or surfaces (2) and/ or a lower load
bearing surface or surfaces (3) which are provided
with serrations or spikes (4).

A fusion device according to any of claims 1 to 18,
in which the upper and lower load bearing surface
and/or one or more of the upper and lower load
bearing surfaces (26, 28) are angled relative to one
another, the angle (o) between a projection of the
upper load bearing surfaces and/or at least one of
the upper load bearing surfaces (26) and the lower
load bearing surface and/or at least one of the lower
load bearing surfaces (28) being 5° to 15°.

Afusion device according to any of claims 19 to 21,
in which the vertical spacing of the upper and lower
load bearing surface or surfaces (2,3) is between
7mm and 20mm.

Afusion device according to any of claims 19 to 22,
in which the minimum vertical spacing is more than
4mm.

A fusion device according to any preceding claim,
in which the elongate element (1) has cne or more
holes in it, the holes being round and/or oval and/
or triangular and/or diamond shaped.

A fusion device according to any preceding claim,
in which at least one end of the elongate element is
provided with an engagement profile (306, 308), the
engagement profile (308,306) defining a dovetail.

A fusion device according to any preceding claim,
in which the elongate element (1) is formed of a plu-
rality of elongate components (102) which at least
in part extend alongside one another.

A fusion device according to claim 26, in which the
elongate components (102) correspond to one an-
other in form.

Afusion device accordingto claim 26 or27, in which
the elongate components (102) are in the form of a
plurality of equivalently configured strips, adjacent
strips being in contact with one another.

Afusion device according to any of claims 26 to 28,
in which the elongate components (102) are con-
nected together to form a single elongate element,
the elongate components being connected together
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at one end (104).

A fusion device according to any preceding claim,
in which the elongate element (1) has first and sec-
ond ends and a substantially non-linear configura-
tion between the two ends.

A fusion device according to claim 30, wherein the
elongate element has a thickness and the substan-
tially non-linear configuration defines a radius, and
wherein the thickness and radius are predeter-
mined so that, when the elongate element is
straightened to form a substantially linear configu-
ration, no deformations of more than 8% arise.

A fusion device according to claim 31, wherein the
ratio of the radius to the thickness is at least 8:1.

Patentanspriiche

1.

Bandscheibenvorrichtung, wobei die Vorrichtung
einléangliches Element (1) aufweist, wobei das l&ng-
liche Element eine oder mehrere obere eine Bela-
stung tragende Oberflachen (2) und eine oder meh-
rere untere eine Belastung tragende Oberflachen
(3) aufweist, wobei die obere und untere eine Bela-
stung tragende Oberflache (2, 3) durch ein langli-
ches Element (1) vertikal voneinander beabstandet
sind, wobei das langliche Element (1) einen ersten
und einen zweiten Zustand aufweist, das langliche
Element (1) eine im wesentlichen lineare Konfigu-
ration im ersten Zustand und eine weniger lineare
Konfiguration im zweiten Zustand aufweist, wobei
das langliche Element (1) flir zumindest einen ein-
maligen Ubergang vom zweiten in den ersten Zu-
stand und fiir einen zumindest einmaligen Uber-
gang vom ersten in den zweiten Zustand angepaBt
ist, dadurch gekennzeichnet, daB die Vorrichtung
eine Bandscheibenverbindungsvorrichtung ist, das
langliche Element in einer Richtung parallel zum
vertikalen Abstand zwischen der oberen und unte-
ren eine Belastung tragenden Oberflache steif ist,
so daB sich bei einer Verwendung der Vorrichtung
die H6he nicht verdndert, und das langliche Ele-
ment (1) aus einer Formspeicherlegierung ist.

Verbindungsvorrichtung nach Anspruch 1, bei der
im zweiten Zustand die Enden des langlichen Ele-
ments getrennt sind und ein Knochentransplantat-
material aufnehmender Raum in der Kontur der Vor-
richtung vorgesehen ist.

Verbindungsvorrichtung nach Anspruch 1 oder 2,
wobei der die Dicke der Vorrichtung senkrecht zur
Richtung parallel zum vertikalen Abstand zwischen
der oberen und unteren eine Belastung tragenden
Oberflache héchstens 3 mm betrdgt und die maxi-
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male Erstreckung der Vorrichtung weniger als 50
mm betragt.

Verbindungsvorrichtung nach einem der vorherge-
henden Anspriiche, bei dem die Formspeicherle-
gierung eine Legierung aus zumindest Titan und
Nickel ist.

Verbindungsvorrichtung nach einem der vorherge-
henden Anspriiche, bei der die obere und/oder un-
tere eine Belastung tragende Oberfliche (2, 3)
Strukturen aufweisen, die dazu angepaft sind, bei
einer Verwendung in die Wirbel einzudringen.

Verbindungsvorrichtung nach einem der vorherge-
henden Anspriiche, bei der ein Eingriffsprofil fiir ein
chirurgisches Instrument (306, 308) an einem Ende
der Vorrichtung (302) vorgesehen ist.

Verbindungsvorrichtung nach einem der vorherge-
henden Anspriiche, bei der im ersten Zustand eine
lineare Konfiguration fiir das langliche Element (1)
vorgesehen ist.

Verbindungsvorrichtung nach einem der vorherge-
henden Anspriiche, bei der im ersten Zustand eine
Konfiguration vorgesehen ist, bei der gemessen
langs einer geraden Linie ein Ende des langlichen
Elementes (1) weiter vom anderen Ende des lang-
lichen Elements (1) entfemnt ist als von irgendeinem
anderen Teil des langlichen Elements (1), wobei die
Vorrichtung die Strukiur einer Wellenform aufweist.

Verbindungsvorrichtung nach einem der vorherge-
henden Anspriiche, beiderim zweiten Zustand eine
Konfiguration vorgesehen ist, bei der zumindest ein
Teil des langlichen Elementes (1) gekrimmt ist.

Verbindungsvorrichtung nach einem der vorherge-
henden Anspriiche, beiderim zweiten Zustand eine
Konfiguration vorgesehen ist, in der zumindest ein
Teil des langlichen Elementes (1) in einer Wellen-
form und/oder als gewellter Streifen vorgesehen ist.

Verbindungsvorrichtung nach einem der vorherge-
henden Ansprlche, bei der das langliche Element
(1) im zweiten Zustand eine Konfiguration aufweist,
die ein Teil eines Kreises und/oder ein voller Kreis
und/oder eine Spirale und/oder eine U-Form und/
oder ein Teil eines Ovales und/oder ein volles Oval
ist.

Verbindungsvorrichtung nach einem der vorherge-
henden Ansprlche, bei der das langliche Element
(1) an einem oder mehreren Orten (1a) langs seiner
Lange eine andere Dicke als an anderen Orten
langs seiner Lange aufweist, wobei sich die Orte mit
verringerter Dicke Uber die gesamte Breite des
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langlichen Elementes erstrecken.

Verbindungsvorrichtung nach Anspruch 12, bei der
die Orte mit verringerter Dicke durch Rillen (1a) im
langlichen Element (1) gebildet sind.

Verbindungsvorrichtung nach Anspruch 12 oder 13,
bei die Abschnitte verringerter Dicke vorzugsweise
im Abschnitt oderin den Abschnitten des langlichen
Elements (1) vorgesehen sind, der (die) wéhrend
des Ubergangs vom ersten zum zweiten Zustand
verglichen mit dem Abschnitt oder den Abschnitten
des langlichen Elementes (1), welcher (welche)
wiahrend des Ubergangs vom ersten zum zweiten
Zustand keine oder eine geringere Anderung im
Profil erfahrt (erfahren), eine Anderung im Profil er-
féhrt (erfahren).

Verbindungsvorrichtung nach einem der vorherge-
henden Ansprlche, bei der das langliche Element
(1) eine Dicke von weniger als 3 mm aufweist.

Verbindungsvorrichtung nach einem der vorherge-
henden Anspriliche, bei der die maximale Erstrek-
kung des langlichen Elementes (1), gemessen von
irgendeinem Punkt zu irgendeinem anderen Punkt
langs einer geraden Linie, wenn es im zweiten Zu-
stand betrachtet wird, weniger als 50 mm betrégt.

Verbindungsvorrichtung nach einem der vorherge-
henden Ansprlche, bei der das langliche Element
(1) einen nicht geradlinigen Querschnitt an einem
oder mehreren Orten (1c) I&ngs seiner Lange auf-
weist, wobei ein geradliniger Querschnitt an einem
Ort (1d) zwischen diesen Orten (1¢) mit einem nicht
geradlinigen Querschnitt vorgesehen ist.

Verbindungsvorrichtung nach Anspruch 17, bei der
der nicht geradlinige Querschnitt (1c) einen Ab-
schnitt mit erhéhter Dicke an der oberen eine Bela-
stung tragenden Oberflache (2) und der unteren ei-
ne Belastung tragenden Oberflache (3) des Iangli-
chen Elements (1) aufweist.

Verbindungsvorrichtung nach einem der vorherge-
henden Ansprlche, bei der das langliche Element
(1) eine obere eine Belastung tragende Oberflache
oder Oberflachen (2) und eine untere eine Bela-
stung tragende Oberfliche oder Oberfldchen (3)
umfaBt, wobei die obere und untere eine Belastung
tragende Oberflache und/oder eine oder mehrere
der oberen und unteren eine Belastung tragenden
Oberflachen (2, 3) parallel zueinander liegen.

Verbindungsvorrichtung nach einem der vorherge-
henden Ansprlche, bei der das langliche Element
(1) eine obere eine Belastung tragende Oberflache
oder Oberflachen (2) und/oder eine untere eine Be-
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lastung tragende Oberflache oder Oberflichen (3)
umfaBt, die mit Kerbverzahnungen oder Spitzen (4)
versehen sind.

Verbindungsvorrichtung nach einem der Anspriiche
1 bis 18, bei der die obere und untere eine Bela-
stung tragende Oberfliche und/oder eine oder
mehrere der oberen und unteren eine Belastung
tragenden Oberflachen (26, 28) im Verhdltnis zu-
einander angewinkelt sind, wobei der Winkel (o)
zwischen einer Projektion der oberen eine Bela-
stung tragenden Oberflache und/oder zumindest
einer der oberen eine Belastung tragenden Ober-
flachen (26) und der unteren eine Belastung tragen-
den Oberfldche und/oder zumindest einer der unte-
ren eine Belastung tragenden Oberflachen (28) 5°
bis 15° betragt.

Verbindungsvorrichtung nach einem der Anspriiche
19 bis 21, bei der der vertikale Abstand zwischen
der oberen und unteren eine Belastung tragenden
Oberflache oder Oberflachen (2, 3) zwischen 7 mm
und 20 mm liegt.

Verbindungsvorrichtung nach einem der Anspriiche
19 bis 22, bei der der minimale vertikale Abstand
mehr als 4 mm betragt.

Verbindungsvorrichtung nach einem der vorherge-
henden Ansprlche, bei der das langliche Element
(1) eines oder mehrere Offnungen darin aufweist,
wobei die Offnungen rund und/oder oval und/oder
dreieckig und/oder rautenférmig geformt sind.

Verbindungsvorrichtung nach einem der vorherge-
henden Anspriiche, bei der zumindest ein Ende des
langlichen Elementes mit einem Eingriffsprofil (308,
308) versehen ist, wobei das Eingriffsprofil (308,
306) einen Schwalbenschwanz definiert.

Verbindungsvorrichtung nach einem der vorherge-
henden Ansprlche, bei der das langliche Element
(1) aus einer Mehrzahl langlicher Komponenten
(102) gebildet ist, die sich zumindest teilweise ne-
beneinander erstrecken.

Verbindungsvorrichtung nach Anspruch 26, bei der
die langlichen Komponenten (102) einander in der
Form entsprechen.

Verbindungsvorrichtung nach Anspruch 26 oder 27,
bei der die langlichen Komponenten (102) die Form
einer Mehrzahl von Aquivalent strukiurierten Strei-
fen aufweisen, wobei benachbarte Streifen in Kon-
takt zueinander stehen.

Verbindungsvorrichtung nach einem der Anspriiche
26 bis 28, bei der die l&nglichen Komponenten
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(102) miteinander so verbunden sind, daB sie ein
einziges langliches Element bilden, wobei die l1&ng-
lichen Komponenten miteinander an einem Ende
(104) verbunden sind.

Verbindungsvorrichtung nach einem der vorherge-
henden Ansprlche, bei der das langliche Element
(1) ein erstes und ein zweites Ende und eine im we-
sentlichen nicht lineare Strukiur zwischen den bei-
den Enden aufweist.

Verbindungsvorrichtung nach Anspruch 30, wobei
das langliche Element eine Dicke aufweist und die
im wesentlichen nicht lineare Struktur einen Radius
definiert und wobei die Dicke und der Radius so vor-
bestimmt sind, dal3 wenn das langliche Element be-
gradigt wird, um eine im wesentlichen lineare Struk-
tur zu bilden, keine Deformationen von mehr als 8%
auftreten.

Verbindungsvorrichtung nach Anspruch 31, wobei
das Verhéltnis des Radius zur Dikke zumindest 8:1
betrégt.

Revendications

Dispositif intervertébral, le dispositif comprenant un
élément allongé (1), I'élément allongé proposant
une ou plusieurs surfaces portantes supérieures (2)
et une ou plusieurs surfaces portantes inférieures
(3), les surfaces portantes supérieure et inférieure
(2, 3) étant espacées verticalement l'une de l'autre
parl'élémentallongé (1), I'élément allongé (1) ayant
un premier état et un second état, I'élément allongé
(1) ayant une configuration sensiblement linéaire
dans le premier état et une configuration moins li-
néaire dans le second état, I'élément allongé (1)
étant capable de transition, au moins une fois, du
second état au premier état et étant capable de
transition, au moins une fois, du premier état au se-
cond état, caractérisé en ce que le dispositif est
un dispositif de fusion intervertébrale, I'élément al-
longé est rigide dans une direction paralléle & I'es-
pacement vertical des surfaces portantes supérieu-
re et inférieure, de sorte que la hauteur du dispositif
ne varie pas lors de |'utilisation, et I'élément allongé
(1) en en alliage & mémoire de forme.

Dispositif de fusion selon la revendication 1, dans
lequel, dans le second état, les exirémités de I'é1é-
ment allongé sont écartées et un espace recevant
le matériau de greffe osseuse est ainsi fourni & I'in-
térieur du profil du dispositif.

Dispositif de fusion selon la revendication 1 ou la
revendication 2, dans lequel I'épaisseur du disposi-
tif, perpendiculaire a la direction paralléle a l'espa-
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cement vertical des surfaces portantes supérieure
et inférieure, est de 3 mm maximum et I'étendue
maximum du dispositif est inférieure & 50 mm.

Dispositif de fusion selon |'une quelconque des re-
vendications précédentes, dans lequel I'alliage a
mémoire de forme est un alliage d'au moins titane
et nickel.

Dispositif de fusion selon |'une quelconque des re-
vendications précédentes, dans lequel les surfaces
portantes supérieure et/ou inférieure (2, 3) ont des
déformations adaptées pour pénétrer dans les ver-
tebres lors de I'utilisation.

Dispositif de fusion selon |'une quelconque des re-
vendications précédentes, dans lequel un profil de
mise en prise d'instrument chirurgical (306, 308) est
prévu a une extrémité du dispositif (302).

Dispositif de fusion selon |'une quelconque des re-
vendications précédentes, dans lequel le premier
état fournit une configuration linéaire a I'élément al-
longé (1).

Dispositif de fusion selon |'une quelconque des re-
vendications précédentes, dans lequel le premier
état fournit une configuration dans laquelle une ex-
trémité de I'élément allongé (1) est plus éloignée de
l'autre extrémité de I'élément allongé (1), mesurée
le long d'une ligne droite, que de toute autre partie
de I'élément allongé (1), le dispositif présentant une
configuration en forme d'onde.

Dispositif de fusion selon |'une quelconque des re-
vendications précédentes, dans lequel le second
état fournit une configuration dans laquelle au
moins une partie de I'élément allongé (1) est incur-
vée.

Dispositif de fusion selon |'une quelconque des re-
vendications précédentes, dans lequel le second
état fournit une configuration dans laquelle au
moins une partie de I'élément allongé (1) estfournie
en tant que bande en forme d'onde et/ou ondulée.

Dispositif de fusion selon |'une quelconque des re-
vendications précédentes, dans lequel dans le se-
cond état I'élément allongé (1) présente une confi-
guration qui est un cercle partiel et/ou un cercle
complet et/ou en spirale et/ou en forme de U et/ou
un ovale partiel et/ou un ovale complet.

Dispositif de fusion selon |'une quelconque des re-
vendications précédentes, dans lequel I'élément al-
longé (1) présente une épaisseur différente & un ou
plusieurs endroits (la) sur toute sa longueur qu'a
d'autre endroits sur toute sa longueur, les endroits
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a épaisseur réduite s'étendent & travers la largeur
totale de I'élément allongé (1).

Dispositif de fusion selon la revendication 12, dans
lequel les endroits a épaisseur réduite sont fournis
par des rainures (la) dans I'élément allongé (1).

Dispositif de fusion selon la revendication 12 ou 13,
dans lequel les parties & épaisseur réduite sont de
préférence fournies dans la partie ou les parties de
I'élément allongé (1) qui subit/subissent une modi-
fication de profil pendant la transition du premier au
second état en comparaison avec la partie ou les
parties de I'élément allongé (1) qui ne subit/subis-
sent pas ou peu de modification de profil pendant
la transition du premier au second état.

Dispositif de fusion selon I'une quelconque des re-
vendications précédentes, dans lequel I'élément al-
longé (1) présente une épaisseur inférieure a 3 mm.

Dispositif de fusion selon I'une quelconque des re-
vendications précédentes, dans lequel I'étendue
maximum de ['‘élément allongé (1), mesurée de
n'importe quel point & n'importe quel autre point
dans une ligne droite, est inférieure & 50 mm, lors-
qu'elle est prise en compte dans le second état.

Dispositif de fusion selon I'une quelconque des re-
vendications précédentes, dans lequel I'élément al-
longé (1) présente une coupe transversale non rec-
tiligne & un ou plusieurs endroits (1¢) sur toute sa
longueur, une coupe transversale non rectiligne
étant fournie & un endroit (1d) entre ces endroits
(1c) de la coupe transversale non rectiligne.

Dispositif de fusion selon la revendication 17, dans
lequella coupe transversale non rectiligne (1c) four-
nit une partie a épaisseur accrue au niveau de la
surface portante supérieure (2) et au niveau de la
surface portante inférieure (3) de I'élément allongé

M.

Dispositif de fusion selon I'une quelconque des re-
vendications précédentes, dans lequel I'élément al-
longé (1) présente une surface ou des surfaces por-
tante(s) supérieure(s) (2) et une surface ou des sur-
faces portante(s) inférieure(s) (3), la surface por-
tante supérieure etinférieure et/ou une ou plusieurs
des surfaces portantes supérieures et inférieures
(2, 3) étant paralléles les unes aux autres.

Dispositif de fusion selon I'une quelconque des re-
vendications précédentes, dans lequel I'élément al-
longé (1) présente une surface ou des surfaces por-
tante(s) supérieure(s) (2) et/ou une surface ou des
surfaces portante(s) inférieure(s) (3) qui sont pour-
vues de dentelures ou de pointes (4).
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Dispositif de fusion selon |'une quelconque des re-
vendications 1 & 18, dans lequel la surface portante
supérieure et inférieure et/ou une ou plusieurs des
surfaces portantes supérieures et inférieures (26,
28) sont inclinées les unes par rapport aux autres,
l'angle (o) entre une saillie des surfaces portantes
supérieures et/ou au moins une des surfaces por-
tantes supérieures (26) et la surface portante infé-
rieure et/ou au moins une des surfaces portantes
inférieures (28) étant de 5° & 15°.

Dispositif de fusion selon |'une quelconque des re-
vendications 19 221, dans lequel l'espacement ver-
tical de la surface ou des surfaces portante(s) su-
périeures et inférieures (2, 3) est situé entre 7 mm
et 20 mm.

Dispositif de fusion selon |'une quelconque des re-
vendications 19 222, dans lequel l'espacement ver-
tical minimum est supérieur a 4 mm.

Dispositif de fusion selon |'une quelconque des re-
vendications précédentes, dans lequel I'élément al-
longé (1) présente un ou plusieurs trous a l'intérieur,
les trous étant ronds et/ou ovales et/outriangulaires
et/ou en forme de diamant.

Dispositif de fusion selon |'une quelconque des re-
vendications précédentes, dans lequel au moins
une extrémité de I'élément allongé est pourvue d'un
profil de mise en prise (306, 308), le profil de mise
en prise (308, 306) définissant une queue d'aronde.

Dispositif de fusion selon |'une quelconque des re-
vendications précédentes, dans lequel I'élément al-
longé (1) est formé d'une pluralité de composants
allongés (102) qui au moins en partie s'étendant les
uns a cbtés des autres.

Dispositif de fusion selon la revendication 26, dans
lequel les composants allongés (102) correspon-
dent les uns aux autres pour ce qui est de la forme.

Dispositif de fusion selon la revendication 26 ou 27,
dans lequel les composants allongés (102) sont
sous laforme d'une pluralité de bandes configurées
de maniére équivalente, des bandes adjacentes
étant en contact les unes avec les autres.

Dispositif de fusion selon |'une quelconque des re-
vendications 26 a 28, dans lequel les composants
allongés (102) sont connectés ensemble afin de for-
mer un unique élément allongé, les composants al-
longés étant de préférence connectés ensemble a
une extrémité (104).

Dispositif de fusion selon |'une quelconque des re-
vendications précédentes, dans lequel I'élément al-
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longé (1) présente une premiére et une seconde ex-
trémité et une configuration sensiblement non li-
néaire entre les deux extrémités.

Dispositif de fusion selon la revendication 30, dans
lequel I'élément allongé présente une épaisseur et
la configuration sensiblement non linéaire définit un
rayon, et dans lequel I'épaisseur et le rayon sont
prédéterminés de sorte que, lorsque I'élément al-
longé est redressé pour former une configuration
sensiblement linéaire, aucune déformation de plus
de 8 % ne survient.

Dispositif de fusion selon la revendication 31, dans
lequel le rapport du rayon sur |'épaisseur est au
moins de 8:1.
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