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(57) Abstract: An interbody cage system for the spinal column constitut-
ed of at least two members: one base member (also named a cage body)
which receives the pivoting means of a pivoting member (also named an
extension member), and one extension member, structured to pivot around
an axis on the cage body to engage a vertebra from a first wrapped or stowed
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the perimeters of the contact surfaces between the interbody cage and the
vertebrae and/or the height of the interbody cage increase from the stowed
configuration to the deployed configuration, where in the wrapped or stowed
configuration, one of the base member and extension member covers at least
in part the surface of the other of the base member and extension member.
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EXPANDABLE AND FLEXIBLE INTERVERTEBRAL IMPLANT

The present invention relates to the medical field, and more particularly to

an expandable and flexible intervertebral implant.

Certain pathologies of the spinal column, such as degenerated discs, facet
diseases, and dislocation of vertebrae, compromise the support capacity of the

column and the sharing of the load.

The treatment of such pathologies in their advanced stages is achieved by
various stabilization systems with intra-discal implants such as interbody cages,
which are typically coupled with extra-discal systems, which combine the use of
vertebral screws and plates or rods to rigidly connect the two adjoining vertebrae.
Such intra-discal implants have significantly improved the treatment of
pathologies of the spinal column, by restoring the intervertebral space, which
results in the decompression of the nerve roots and the acceleration of bony

fusion of the adjoining vertebrae together.

Impactation cages represent an important category among interbody
cages. These cages, which have a substantially parallelepiped shape, are
inserted between the vertebrae by impactation. The downside of these cages is
the difficulty of their insertion into the intervertebral space through narrow access
routes using various surgical approaches, such as posterior, transforaminal,
postero-lateral, lateral, antero-lateral and anterior approaches, in particular when
interbody cages need to maximize contact surfaces with adjacent vertebrae in
order to optimize the load sharing with the two adjacent vertebrae and reproduce

the natural lordosis in the lumbar spine.

In order to overcome these challenges, interbody cages which expand in
situ have been developed, among which are expandable cages where the
increase of the volume of the cages within the adjoining vertebrae is achieved:
for instance, US  2017/216051, US10383743B2, EP1645248A1,
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US20120109319 and US10575966B2 describe inventions where the
intervertebral cages expand their height. Additional references describe cages
with a pivoting member directly engaging vertebrae and increasing the separation
space between two vertebrae: US 13/877851, US 12/171,165, US 11/276,345,
US11/394,719, US 09/350,984, US 13/941,095, US 13/605,751, US13/667,551,
US13/095,634, US 12/993,960, US 8,187,332, and US 15/739,696. Some of the
references describe cages which comprise a mobile member pivoting around an
axis on a longitudinal axis of another component. Among these references, US
12/171,165 describes a mobile member which, when pivoted within a stationary
element, causes flexible members to unwind outward the stationary member,
thus increasing the volume of the cage. US 15/739,696 describes a mobile
member which, when pivoted within a fixed element, directly extends outward of
the stationary element. The expanded volumes for the cages in these references
reflect uneven increases of form factors and do not increase the actual perimeter
of the contact surfaces of the cages with the adjoining vertebrae. Further, US
6,395,031, US 2011/0276141, US 2019/336299, US 2019/307577,
US7318839B2, US10940016B2, US10898340B2, US20200281739A1 and US
9,795,493 provide examples of intervertebral cages expanding laterally to
increase the contact surface between the implant and the adjoining vertebrae,
and both US9433510 and US9707095B2 disclose intervertebral cages
expanding both in height, to increase the separation space between two
vertebrae, and laterally, to increase the perimeter of the contact surface between
the cage and the vertebrae: however, in such cited references, the expansions
are not achieved by any component of the interbody cage which pivotally engage
the vertebrae to durably expand the contact surface between the vertebrae and

the interbody cage.

The purpose of the present invention is to provide an interbody cage for
the spinal column which increases the volume of the interbody cage from a first
wrapped, or rolled or stowed configuration into a second unwrapped, unrolled or
deployed configuration such that the perimeters of the contact surfaces between

the interbody cage and the vertebrae increase from the stowed configuration to
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the deployed configuration of the cage. The interbody cage of the invention is
structured as an assembly of at least two components: one base member (also
named a cage body), which receives the pivoting means of a pivoting member
(also named an extension member), structured to pivot around an axis located
on the base member. The purpose of the extension member is to pivotally engage
one or both vertebrae of a vertebral segment to expand the perimeter of contact
surface of the interbody cage with one vertebra or both vertebrae, or to increase
the height of the interbody cage and the separation space between the two
vertebrae, or to increase both the perimeters of the contact surface of the
interbody cage with the vertebrae and its height. The deployment of the extension
member increases the form factor of the cage to provide broader and more stable

surfaces of contact with the vertebrae.

In preferred embodiments, the extension member is structured to be
wrapped or rolled around a portion of the cage body (or vice versa) in a first
configuration, and, and to pivotally engage the two vertebrae and unwrap or unroll
and deploy into a second configuration by the pivoting in reverse directions of the
cage body and of the extension member while both the cage body and the
extension member remain engaged with the vertebrae. In other embodiments,
the extension member may be arranged with cambered ribbons, rings split with
one strand, flattened hooks, mesh-frames and solid block structures which are
stowed, rolled or wrapped inside of the cage body in a first configuration for the
insertion between two vertebrae and are then deployed or unrolled or unwrapped
outwards of the cage body to separate adjoining vertebrae in a second
configuration, such deployment being actuated by pivoting the extension member
around an axis of rotation configured within the cage body or on a surface or on
a lateral side of the cage body. Conversely, the cage body and extension
members may also be arranged with flat rings, split rings, flat hooks, mesh-frames
and solid block structures, unwrapping or rolling out or deploying out of an

extension member.

The invention also covers methods of deploying the extension member

after the insertion of the cage, in the cage’s stowed configuration, between two
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vertebrae. According to a first method, as the extension member is pivoted, the
deploying extension member is pushing against one of the vertebrae which
serves as fulcrum against the lever of the shaft which serves as pivoting axis. The
pressure of the extension member against the vertebra exceeds the compression
force of the two vertebrae against the body of the cage and causes the body of
the cage to pivot in the reverse direction to the direction of the pivoting extension
member: according to that method, the pivoting of the extension member alone
causes the full deployment of the cage without the need of simultaneously
pivoting the body of the cage with an instrument. According to a second method
to deploy a cage comprising of an oblong shaped body and an oblong shaped
extension member, after the insertion of the cage between two vertebrae with its
larger dimensions engaging the vertebrae, the oblong shaped body and oblong
shaped extension member are simultaneously pivoted in reverse directions,
which causes each of the two extremities of the respective body and extension
member to diverge from one another creating a pressure against the vertebrae
of the segment, and distracting them until the long dimension of each of the body
and the extension member are fully deployed maintaining that new separation
distance between the two vertebrae and having simultaneously expanded the
cage also laterally. A third method of delivery of a cage comprising a body and
two extension members consists in introducing the cage in a fully stowed
configuration with a body and with two extension members which are essentially
aligned, and deploying only one of the two extension members or deploying them
both in an asynchronized manner while pivoting the body, such that in a deployed
configuration, one extension member is upside down relative to the other

extension member.

All the embodiments of the invention may be configured with cage bodies
and extension members structured to provide a dampening characteristic to the
implant between the two adjoining vertebrae, to mimic the natural structure of
cancellous bone, to prevent subsidence around the cage and to stimulate the

bone growth around and through the interbody cage.
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The invention may also be used to separate two spinous processes and

lock the processes in a distracted position.

The embodiments of the invention may apply to any constructs separating

bones and/or for the fusion of any bones.

The characteristics of the invention will appear more clearly from the
description of various embodiments and their variations, which are solely
provided as examples and are not [imitative, and in which references will notably
be made to the anterior end or frontal or front end of the cage or body, thus
defining that part of the cage which is adjusted against the vertebrae just before
the introduction of said cage or body into the interbody space, and to the posterior
end or rear-end of the cage body, which shall define the part of the cage opposite
the anterior end or front end. The words “pivoted” and “rotated” are used within
the same meaning, to describe a motion around an axis. The description of these

various embodiments refers to the attached schematic Figures in which:

Figure 1 represents a perspective rear view of the cage of the first embodiment

in a stowed configuration.

Figure 2 represents the same perspective rear view of the cage in Figure 1 with

its extension member in a deployed configuration.

Figure 3 represents a perspective rear view of the body of the cage of the first

embodiment.

Figure 4 represents a perspective rear view of the extension member of the cage

of the first embodiment.

Figure 5 represents a perspective front view of the cage in Figure 2 in a deployed

configuration.

Figure 6 represents a rear view of the cage of the first embodiment in a stowed

configuration.

Figure 7 represents a rear view of the cage in Figure 6 in a deployed

configuration.
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Figure 8 represents a rear view of a cross-section of the cage of the first

embodiment in a stowed configuration between two schematic vertebrae.

Figure 9 represents the same cross-section of the cage as in Figure 8 with a

partially deployed extension member.

Figure 10 represents the same cross-section of the cage as in Figures 8 and 9

with its extension member further deployed.

Figure 11 represents the same cross-section of the cage as in Figures 8, 9 and

10 with its fully deployed extension member.

Figure 12 represents a perspective front view of the cage of the second

embodiment in a stowed configuration.

Figure 13 represents the same perspective front view of the cage in Figure 12

with its extension member in a deployed configuration.

Figure 14 represents a rear view of a cross-section of the cage of the second

embodiment with a partially deployed extension member.

Figure 15 represents the same cross-section of the cage as in Figure 14 with a

further deployed extension member.

Figure 16 represents a rear view of a cross-section of the first variation of the

cage of the second embodiment with a stowed extension member.

Figure 17 represents the same cross-section of the cage of Figure 16 with a fully

deployed extension member.

Figure 18 represents a perspective front view of the first variation of the cage of

the second embodiment in a stowed configuration.
Figure 19 represents a side view of the same cage as in Figure 18.

Figure 20 represents a perspective rear view of the second variation of the cage

of the second embodiment in a deployed configuration.

Figure 21 represents a low-angle rear view of the same cage as in Figure 20 in

a deployed configuration.
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Figure 22 represents a rear view of the same cage as in Figures 20 and 21 in a

deployed configuration.

Figure 23 represents a rear view of a cross section of the cage in Figures 20 to

22 between two schematic vertebrae with a partly deploying extension member.

Figure 24 represents the same rear view as in Figure 23 with a further deploying

extension member.

Figure 25 represents a perspective front view of the body of the cage of the third

variation of the second embodiment.

Figure 26 represents a perspective front view of the extension member of the

cage of the third variation of the second embodiment.

Figure 27 represents a perspective rear view of the cage of the third variation of

the second embodiment in a stowed configuration.

Figure 28 represents a perspective rear view of the upside-down cage of the

third variation of the second embodiment in aa deployed configuration.

Figure 29 represents a rear view of the cage of the third variation of the second

embodiment in a deployed configuration.

Figure 30 represents a perspective rear view of the second extension member

of the cage of the third embodiment.

Figure 31 represents a perspective rear view of the body of the cage of the third

embodiment.

Figure 32 represents a perspective rear view of the first extension member of

the cage of the third embodiment.

Figure 33 represents a perspective rear view of the cage of the third embodiment

in a stowed configuration.

Figure 34 represents the same view of the cage of the third embodiment as in

Figure 33 in a deployed configuration.

Figure 35 represents a front view of the cage in Figure 33 in a stowed

configuration.
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Figure 36 represents a front view of the cage in Figure 34 in a deployed

configuration.

Figure 37 represents a perspective front view of the body of the cage of the fourth

embodiment.

Figure 38 represents a perspective front view of the extension member of the

cage of the fourth embodiment.

Figure 39 represents a perspective rear view of the cage of the fourth

embodiment in a deployed configuration.

Figure 40 represents a top view of the cage of the fourth embodiment in a stowed

configuration.

Figure 41 represents a top view of the cage in Figure 40 in a deployed

configuration.

Figure 42 represents a blow-up perspective view of the rear end of the extension

member of the cage of the fourth embodiment.

Figure 43 represents a blow-up perspective view of the conical front end of the

body of the cage of the fourth embodiment.

Figure 44 represents a front view of the cage of the fourth embodiment in

deployed configuration.

Figure 45 represents a front view of one ring of the extension member of a

variation of the fourth embodiment with two curved joints.

Figure 46 represents a perspective front view of a classic PLIF or TLIF interbody

cage with two split strands.

Figure 47 represents a front view of a cross section “C-S” of the cage in Figure

46 at the location of opposite split strands.

Figure 48 represents a top view of a deployed cage comprising an open mesh
structured extension member as variation of the fourth embodiment mounted on

a mesh structured body and second extension member.
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Figure 49 represents the mesh-structured body and mesh-structure extension

member of the cage in Figure 48 in a deployed configuration.

Figure 50 represents a perspective front view of the cage of the fifth embodiment
in a stowed configuration, with its large dimension surfaces facing upwards and

downwards.

Figure 51 represents a perspective front view of the same cage as in Figure 50
after a 90° rotation, with its small dimension surfaces facing upwards and

downwards.

Figure 52 represents a perspective front view of the cage of Figure 51 in a

deployed configuration.

Figure 53 represents a perspective rear view of a variation of the cage of the fifth

embodiment with its small dimension surfaces defining angled planes.

Figure 54 represents a perspective rear view of the cage of Figure 53 in a

deployed configuration.

Figure 55 represents a front view of a cross-section of the cage of the fifth

embodiment in a stowed configuration between two schematic vertebrae

Figure 56 represents the same front view of the cage as in Figure 55 with a

slightly pivoted body and slightly deployed extension member.

Figure 57 represents the same front view of the cage as in Figure 56 with a

further pivoted body and further deployed extension member.

Figure 58 represents the same front view of the cage as in Figure 57 with a nearly

fully pivoted body and deployed extension member.

Figure 59 represents the same front view of the cage as in Figures 55 to 57 with

a fully pivoted body and deployed extension member.

Figure 60 represents a perspective front view of the cage of the sixth

embodiment in a stowed configuration.

Figure 61 represents a perspective front view of the same cage as in Figure 60

in a deployed configuration.
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Figure 62 represents a front view of the cage of the sixth embodiment in a stowed

configuration between two schematic vertebrae.

Figure 63 represents the same front view of the cage as in Figure 62 with

deploying extension members and pivoting body.

Figure 64 represents the same front view of the cage as in Figures 62 and 63
with further deploying extension members in the same direction and a further

pivoting body.

Figure 65 represents the same front view of the cage as in Figures 62 to 64 with
the further deployment of one extension member in one direction, the further
deployment of the other extension member in the reverse direction and the

further pivoting of the body.

Figure 66 represents the same front view of the cage as in Figures 62 to 65 with

two fully deployed extension members.

According to Figures 1 and 2, the first embodiment of the invention
describes an interbody cage assembly (or cage) 1, for delivery via a posterior or
transforaminal surgical approach, with a base member or body 4 having an
essentially cylindric cross-section, a front end 2 and a rear end 3. Figures 3 and
4 represent the two elements 4, 5 constituting the cage 1. As shown in Figure 3,
the cage body (or body) 4 comprising the front end 2 and the rear end 3 has an
essentially cylindric cross-section and has a median part between the front end
2 and the rear end 3 arranged with a tubular structure 6a: The tubular structure
6a may be arranged with openings 7 and with cambered ribbons 8 separated by
slots 9. Two channel sections 10a, 10b are arranged in the body 2 on a same
axis: a first proximal channel section 10a in the periphery of the rear end 3 and a
second distal channel section 10b in the periphery of the front end 2, to receive
the pivoting shafts 11a, 11b of the extension member 5. According to Figure 4,
the extension member 5 is configured as a tubular structure 6b mounted on the

proximal and distal shaft sections 11a, 11b. A portion of the tubular section 6b of
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the extension member is arranged with cambered ribbons 12 which are separated
by slots 13.

The cambered ribbons 8, 12 of the cage 1 may have different thicknesses
depending on the desired resistance to compression force or flexibility: such
rigidity vs. flexibility may be modulated by differential thicknesses applied on the
same cambered ribbon 8, 12: for instance a strengthened portion 14 may be
arranged on the cambered ribbons 8, 12 on the cage 1’s portions designed to
sustain compression forces, while the thinner parts of the cambered ribbons 8,
12 are positioned on the cage 1’s portions engaging the upper and lower
vertebrae V1, V2 in order to share the load of such vertebral plates more evenly

on such thinner bending surfaces of the cambered ribbons 8, 12.

As shown in Figures 1 and 6 to 11 the relative diameters of the tubular
structure 6a of the body 4 are superior to the relative diameters of the tubular
structure 6b of the extension member 5, such that the extension member 5 is
positioned within the body, or as may be described differently, the body 4 is
superposed to and rolled or wrapped around the extension member 5. As shown
in Figure 26, in different embodiments and variations of the invention, the
extension member 5.3 may be superposed to and rolled or wrapped around the
body 4.3. The width of the cambered ribbons 12 of the extension member 5 is
smaller than the width of the slots 9 arranged on the tubular structure 6a of the
body 4, and the width of the cambered ribbons 8 of the body 4 is smaller than the
width of the slots 13 arranged on the tubular structure 6b of the extension member
5.

Figures 1 and 6 describe the first configuration of the cage 1 comprising
the body 4 and the extension member 5, where the extension member 5 is stowed
within the body 4. Figures 2, 5 and 7 describe the second configuration of the
cage 1, after the completion of the deployment (or unrolling or unwrapping) of the
extension member 5 outwards of the body 4, to increase the cage 1’s form factor

from the first configuration of the cage 1 to this second configuration.
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The advantage of this invention is that the access route for the cage 1 in
its stowed configuration into the intervertebral space may be narrower, thus
preserving the ligament, muscle, nerves and bone tissues from excessive

resection.

Figures 8 to 11 describe the method of deploying the cage 1 between two
vertebrae V1, V2. The insertion of the cage 1 between two vertebrae V1, V2 is
achieved by impaction by the means of any instrument affixed to the rear end 3
of the cage 1 for instance mounted to the openings 29 through the inside of the
rear end 3 of the body 4, or from the external side. The instrument must also be
capable of engaging and pivoting the proximal shaft 11a of the extension
member, for instance the bolt 11c configured on the proximal shaft section 11a.
Once the cage 1 has reached its desired position between two vertebrae V1, V2
as shown in Figure 8, the deployment of the extension member 5 may be
facilitated by applying the deployment method described in Figures 9 and 10,
wherein the body 4 is pivoted approximately 90° between the vertebrae V1, V2
and simultaneously, the extension member 5 is pivoted approximately 90° in the
reverse direction, through the actuation of its proximal shaft section 11a. Due to
the narrower width of the cambered ribbons 8 on the body 4, relative to the width
of the slots 13 in the extension member 5, and the narrower width of the
cambered ribbons 12 on the extension member 5, relative to the width of the slots
9 in the body 4, the respective sets of cambered ribbons 8, 12 on one component
may slide through the respective slots 9, 13 of the other components without
impairing the deployment of the extension member 5, as shown in Figures 9 and
10.

Figure 11 represents the fully deployed extension member 5. The
perimeter of the deployed cage 1, ranging from that portion of the tubular
structure 6a and cambered ribbons 8 of the body 4 resting against the vertebrae
to that portion of the tubular structure 6b and cambered ribbons 12 of the
extension member 5 resting against the vertebrae, has significantly increased the
perimeter of the contact surface of the cage 1 with the vertebrae V1, V2 compared

to the contact surface of the body 4 alone with those vertebrae, in the stowed
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configuration. Due to the smaller diameter of the extension member 5 relative to
the diameter of the body 4, the deployed cage 1 generates an angle between the
vertebrae V1, V2, which is beneficial for cages delivered through lateral,

transforaminal or antero-oblique approaches.

As shown in Figure 11, the openings 7 arranged in the tubular structures
6a of the body 4 are opened towards the vertebral endplate of the upper vertebra
V1, while the slots 9, 13 of the body 4 and of the extension member 5 are facing
the vertebral endplate of the lower vertebra V2, which enables graft inserted in
the cage 1 to connect with the vertebrae. In addition, the edges of the cambered
ribbons 8, 12 when pressed against the vertebrae V1, V2, represent an anchoring

means against the migration of the cage 1.

Figures 12 and 13 represent the second embodiment of the invention of
the cage 1.1, where the body 4.1 of the cage 1.1 is essentially similar to the body
4 of the first embodiment, but where the extension member 5.1 is made of
compact blocks of material which may be made of serrated titanium, open pore
metal alloy or coated PEEK. The extension member 5.1 is shaped in an
alternating succession of round discs 15a separated by oval discs 15b. The oval
discs 15b thus define crevasses 16 between a portion of the round discs 15a.
The discs 15a, 15b are mounted on the shaft 11.1 of the axis. Figures 14 and 15
describe how the crevasses 16 play the role of the slots 13 of the extension
member 5 of the cage 1 of the first embodiment, enabling the cambered ribbons

8.1 of the body 4.1 to slide between the round discs 15a.

A first variation of the extension member 5.1 is shown in Figures 16 to 18,
with oblong discs 15¢ mounted on the shaft 11.1 of the axis instead of round
discs. The two ends of the longer dimension of these oblong discs 15¢c may
protrude through the openings 7.1 and the slots 9.1 of the body 4.1 and be level
with the external surface of the tubular structure 6.1a and of the cambered
ribbons 8.1 of the body 4.1, as shown in Figures 18 and 19. The oval discs 15b
in this variation have a chopped-off end in their longer dimension, in order to allow

the unencumbered deployment of the extension member 5.1 by the extremities
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of the cambered ribbons 8.1 of the body 4.1. The advantage of this variation is to
create two parallel planes between the upper and lower surfaces of the deployed
cage 1.1 in contact with the upper and lower vertebrae V1, V2, as shown in Figure
17. The cambered ribbon structure 12 of the extension member 5 of the first
embodiment may also be arranged in an oblong shape instead of a round one to
achieve the same objective as the extension member 5.1 of this variation of the

second embodiment.

The cage 1.1 of this variation may be introduced between two vertebrae
V1, V2 through a tube arranged with a beveled or wedged tip to distract the
vertebrae. With such a delivery system, the body 4.1 of this variation does not
require a wedged front end: as shown in Figure 18, the body 4.1 has an
essentially flat front end 2.1 without wedge and is arranged with an opening,
which has the advantage of extending the length of the loading surface of the
cage 1.1 of this variation and to enable graft material to fuse with the bone

adjoining the front end 2.1.

A second variation of the second embodiment of a cage 1.3 is illustrated
in Figures 20 to 24 and consists in a body 4.2 and an extension member 5.2
configured as a compact block of material mounted on a shaft 11.2. In this second
variation, the body 4.2 has an open tubular structure 6.2a arranged with a front
end 2.2 having one flattened part 2.2a and a read end 3.2 in the shape of a ring
also having a flattened part 3.3a. The tubular structure 6.2a has shorter cambered
ribbons 8.2 than in the first variations of the second embodiment, with a connector
17 connecting all cambered ribbons 8.2 at a location towards their ends and
extending to connect the cambered ribbons 8.2 to the front end 2.2 and to the
rear end 3.2 of the body 4.2. The cambered ribbons 8.2 extend slightly beyond
the connector 17 to represent stumps 18, which may help anchor the cage 1.2
after its deployment between two vertebrae V1, V2. The compact block of the
extension member 5.2 has slots 16.2, which are the remnants of the crevasses
16 of the preceding variations, to avoid the clashing between the body 4.2 and

the extension member 5.2 during the motion of the deployment of the cage 1.2.
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As shown in Figure 21, the flattened part 2.2a of the front end 2.2 and
flattened part 3.2a of the ring at the rear end 3.2, together with the connector 17,
define three sides of the perimeter of an opening, in which a large amount of bone
graft may be packed. This three-sides perimeter is closed by the flattened surface
of the block component of the extension member 5.2. Figure 22 describes how
the larger diameter of the body 4.2 relative to the dimension of the cross-section
of the extension member 5.2 has been offset by the flattened parts 2.2a, 3.2a of
front and rearends 2.2, 3.2, to define the desired angulation of the cage assembly
1.2. The variety of possible positioning and of angulations of these flattened parts
2.2a, 3.2a within the front and rear ends 2.2, 3.2 determine an increase or
decrease of the desired angulation of the cage 1.2 regardless of the dimension
of the diameter of the body 4.2 relative to the dimension of the cross-section of

the extension member 5.2.

Figures 23 and 24 describe a method of deploying the extension member
5.2 of the cage 1.2 from a first stowed configuration into a second deployed
configuration. The cage 1.2 is first inserted in the stowed configuration between
two vertebrae until its final location, where the vertebrae V1, V2, exert a
compression force “F2” on the body 4.2. According to Figure 23, as the extension
member 5.2 is pivoted outwards from the body 4.2, the deploying extension
member 5.2 is pushing with force “F71” against the vertebra V1 which serves as
fulecrum against the lever represented by the shaft 11.2 of the pivoting axis. If the
pressure force “F1” exerted against the vertebra V1 by the extension member 5.2
exceeds the compression force “F2” of the two vertebrae V1, V2 against the body
4.2 of the cage 1.2, that pressure “F7” translates into force "F3” of the shaft 11.2
against the channel 10.2 in the body 4.2 and causes the body 4.2 to pivot in the
reverse direction to the direction of the pivoting extension member 5.2, as shown
in Figure 24. According to that method, the pivoting of the extension member 5.2
alone causes the full deployment of the cage 1.2 to the stage represented in
Figure 22 for this embodiment, and represented in Figures 7 and 11 for the first
embodiment, without the need to simultaneously pivot the body 4.2 of the cage

1.2 using an instrument.
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Figures 25 to 29 represent a third variation of the second embodiment of
the invention, where, unlike in the cases of the first embodiment and of the first
and second variations of the second embodiment, the body 4.3 of the cage 1.3 is
configured with cross-sectional dimensions that are smaller than the dimension
of the diameter of the extension member 5.3, such that the extension member
5.3 is superposed to, and rolled or wrapped around the body 4.3; the body 4.3 is

rolled out of the extension member 5.3 during the deployment of the cage 1.3.

The body 4.3 is arranged with four block-portions: a wedged front end 2.3,
a flat rear-end 3.3 with a threaded hole to receive an instrument and two
longitudinal portions. The four parts of the body 4.3 are mounted to the shaft 11.3,
and additional bridging material connects each part to the next part to solidify the

body 4.3. The four parts of the body 4.3 are separated by three crevasses 16.3.

The extension member 5.3 is made of an open tubular structure 6.3b which
in comparison to the tubular structure 6.2a of the body 4.2 in the second variation
of the second embodiment, is flattened on a portion of its surfaces, which defines
a plane to rest against one of the vertebrae V1 or V2. The tubular structure 6.3b
is mounted on three rings 19a, 19b, 19¢ at the proximal and distal ends of the
tubular structure 6.3b and at its middle section; these rings have two opposite
flattened parts which define two planes for resting against the two vertebrae V1,
V2. The flattened parts of the three rings 19a, 19b, 19¢ have a curved portion
arranged to avoid the clashing with the bridging material arranged between the
four blocks of the body 4.3. The three flattened rings 19a, 19b, 19¢c of the
extension member 5.3 are each configured with one sleeve 20 to rotatably attach
the extension member 5.3 to the shaft 11.3 of the body 4.3. A clearance space
21 is arranged on each of the four parts of the body 4.3 to enable the sleeves 20
to pivot around the shaft 11.3. The sleeves 20 strengthen the connection between
the body 4.3 and the extension member 5.3. The median flattened ring 19b

contributes to the load sharing with the two vertebrae.
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Figure 29 shows how the flattened surfaces of the tubular structure 6.3b,
and of the three rings 19a, 19b, 19c increase the contact surface with the

vertebrae V1, V2 and define an angle to the deployed cage 1.3.

A third embodiment of the invention is described in Figures 30 to 36, of a
cage assembly 1.4 which may be used for a transforaminal surgical approach,
comprising one body 4.4, a first extension member 5.4a and a second extension
member 5.4b, each of said extension members 5.4a, 5.4b deploying on opposite
sides of the body 4.4. According to Figure 31, the body 4.4 is configured as a
structure of parallel aligned hooks 22 held together and to the front end 2.4 and
the rear end 3.4 of the body 4.4 by a connector 17.4. Some of the hooks 22 are
flattened over a portion of two of their opposing surfaces to give the body 4.4 two
obliquely angled planes, as also shown in Figure 36. The rear end has openings
29 which may be used for engagement by an instrument. Figure 32 describes the
first extension member 5.4a, which has a similar structure to that of the body 4.4
of aligned and partly flattened hooks 22 held together by a connector 17.4. As
shown in Figure 30, the second extension member 5.4b has a tubular structure
6.4b similar to that of the extension member 5 of the first embodiment, and is
arranged with a border 23 configured to rest against one adjoining vertebra and
which has protruding stumps 18 to support the anchoring of the cage 1.4 in that
vertebrae, as also shown in Figure 36. Each of the two extension members 5.4a,
5.4b is configured with sections of shafts 11.4a, 11.4b to serve as pivoting axes
within the channels 10.4a, 10.4b, 10.4b’ of the body 4.4, positioned laterally of

the body’s median axis.

Figures 33 and 35 represent the cage 1.4 in its wrapped configuration,
where the hooks 22 of the first extension member 5.4a are stowed between the
hooks 22 of the body 4.4, and where the second extension member 5.4b is rolled
over or wrapped around the stowed assembly of the body 4.4 and first extension
member 5.4a. In this configuration, the cage 1.4 may be inserted between two
vertebrae V1, V2, either engaging them directly, or being delivered through a tube
inserted between such vertebrae. Figures 34 and 36 represent the cage 1.4 inits

deployed configuration, with both extension members 5.4a, 5.4b fully extended
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to separate two vertebrae V1, V2 in two oblique planes. The open tubular
structure 6.4b of the second extension member 5.4b is beneficial where the intent
is to provide the cage 1.4 a flexible or dampening property between the two
vertebrae V1, V2. In a variation, the tubular structure 6.4b may also be configured
at its front and rear ends with flattened rings similar to the flattened rings 3.2, 19a,
19b, 19c of some of the preceding embodiments and variations, in order to
strengthen the structure of the second extension member 5.4b and increase its

load sharing properties relative to the adjoining vertebra.

Figures 37 to 41 describe the fourth embodiment of the invention of a cage
assembly 1.5 which may be used for a lateral surgical approach, comprising a
body 4.5 structured with parallel aligned rings 24, and an extension member 5.5
configured as a tubular structure 6.5b made of aligned rings 25, partially
connected together by a mesh structure 26. As best shown in Figures 37, 39, 41
and 43, the rings 24 of the body 4.5 are mounted on the shaft 11.5 by one branch
at one end and are bifurcating into two branches mounted to the shaft 11.5 at the
other end of the rings 24. These bifurcating branches of the rings 24 are
increasing the load sharing surface relative to the vertebra V1, V2, against which
they rest and, due to their smaller width, this bifurcating branchés also offer to
the 24 rings a dampening characteristic and thus to the body 4.5 overall. Similarly,
the mesh structure 26 arranged between the rings 25 of the extension member
5.5 support the stabilization of the rings 25 and yet remain relatively flexible to
contribute to the dampening feature of the extension member 5.5. In variations,
the mesh structure 26 may also be arranged between the rings 24 of the body
4.5 and may also be substituted by a sheet of any material arranged between the
rings 24, 25 of the body 4.5 and the extension member 5.5.

In order to further increase the dampening feature of the body 4.5, the
single branch portion of the rings 24 is splitting into two strands 27 separated
from each other and thus creating a curved joint 28, as best described in Figures
43 and 44. Similarly, the rings 25 of the extension member 5.5 are also configured
with separating strands 27 and joints 28, as shown in Figures 38, 39 and 42.

According to Figure 44, when the compression force “F2” is exerted against the
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cage 1.4, those strands 17 of the rings 24, 25 which rests against the vertebrae
V1, V2 are closing the gap of the joints 28 with the opposing strands 27 of the
rings 24, 25. The joints 28 described in the invention have a cross-section of a
male triangular shape arranged on one strand 27 of the rings 24, 25 matching a
female triangular shape, or gully, arranged in the other strand 27 of the rings 24,
25, in order to maintain a stable trajectory for the closure of the joint 28 and avoid
dislodging of the respective strands. In variations, different shapes may be given
to this cross-section, such as male/female round or oval, or a conical structure

pressing into a conical depression and any other technically appropriate shapes.

According to Figures 43 and 44, the conic front end 2.5 of the body 4.5 is
arranged with a base which splits in one strand 27 to create a joint 28 according
to the same mechanism as described for the rings 24, 25, thus also providing
specifically to the otherwise rigid front end 2.5 of the body 4.5, and thus to the

body 4.5 along its whole length, a dampening characteristic.

Figure 45 describes a variation of the fourth embodiment, where one single
ring 25 is configured with two sets of strands 27 to create two curved joints 28,
increasing the dampening characteristic of the ring 25. In other variations the joint

may have different shapes, such as straight, oval, round, triangular, jagged.

Figures 46 and 47 describe how the invention of the strands 27a, 27b and
joints 28 may be applied to a standard interbody cage. Figure 46 describes two
strands 27a arranged on the upper surface of a standard interbody cage
perpendicularly to the longitudinal axis, with two additional strands 27b arranged
in the same axis on the lower surface of the cage (not shown on Figure 46) and
Figure 47 represents a cross section of the cage at the location “C-S” of two
opposite strands 27a and 27b, describing the two joints 28 of the invention.
Several strands 27a, 27b may be arranged on the surfaces of the interbody cage
with the curved joints 28, alternating with their opening towards one direction for
one strand 27a, 27b and then with their opening towards the opposite direction
for the next strand 27a, 27b; this offers a balanced surface of strands 27a, 27b

against the compression force “F2” of the vertebrae V1, V2. In variations, the
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strands 27a, 27b may be positioned in different axes on the surfaces of the
interbody cage, such as its longitudinal axis, or obliquely, or in a combination of

a plurality of different axes.

Figures 48 and 49 describe a variation of the fourth embodiment, where
the cage 1.6 comprises a body 4.6 and a first extension member 5.6a, both
structured with aligned rings 30a, 30b, which are thin and wide like ribbons, and
a second extension member 5.6b, which is configured with the same sheets of
mesh 26 as in the variation represented in Figures 38, 40 and 42 and structured
like the extension member 5.4 of the third embodiment shown in Figure 30. As
shown in Figure 48, sheets of mesh 16 connect the two cambered structures 25a,
25b on the front and rear ends of the second extension member 5.6b, which are
mounted on axes 11.4b. The surface of the second extension member 5.6b,
between its front- and rear-ends may also be supported by cambered structures

8.6 connected one to another with sheets of mesh.

According to Figures 48 and 49, the ribbon-rings 30a, 30b mounted on the
body 4.6 and on the first extension member 5.6a are punctured on their surfaces
31 which rest against the vertebrae after the deployment of the extension
members: the number and size of punctures and the thickness, width and length
of the ribbon-rings 30a, 30b on these punctured surfaces 31 define the degree of
flexibility of these surfaces 31, between a very flexible structure like the mesh 26
structure of the second extension member 5.6b, ranging to a structure of an
almost rigid cambered ribbon 8.6. The ribbon rings 30a, 30b have a strengthened
structure 14.6 on their opposite sides which are perpendicular to the planes of
the vertebrae V1, V2 when the cage 1.6 is deployed: these strengthened
structures offer to the body 4.6 and to the first extension member 5.6a an
increased resistance against the compression force “F2” of the vertebrae V1 and
V2. The ribbon-rings 30b of the first extension member 5.6b have an inwardly
cambered surface, which also enables to modulate the flexibility of the first
extension member 5.6a and the dampening characteristic of the whole cage 1.6.
It addition, such inward curb reduces the lateral occupation space of such

extension member 5.6a. In summary, the cage 1.6 of this variation of the fourth
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embodiment, while it is not configured with any split rings 24, 25 with strands 27
defining joints 28 as the cage 1.5 of the preceding variation, it may nevertheless
oppose a flexible surface to comply with the irregular anatomy of the vertebral
endplates V1, V2.

Figures 50 to 52 represent the fifth embodiment of the invention of a cage
1.7 comprising a body 4.7 configured with parallel aligned rings 24.7 defining a
parallelepiped shape. An extension member 5.7 with a front end 32 and a rear
end 33 is configured with parallel aligned hooks 22.7 defining a second
parallelepiped shape. Each of the parallelepiped body 4.7 and parallelepiped
extension member 5.7 define two large-dimension surfaces 35 positioned in
essentially parallel planes and two small-dimension surfaces 34 (which will also
be named “Extremities”) also positioned in essentially parallel planes. One of the
small-dimension surfaces 34 of the rings 24.7 of the body 4.7 is coated with a
layer 36 connecting the wedged front end 2.7 and flat rear end 3.7 of the body
4.7; anchoring means 37 are arranged on that layer 36. As shown in Figure 51,
a narrow portion of one large-dimension surface 35 of the body 4.7 is also coated
with a narrow layer of material 38, towards the coated layer 36 on the small-
dimension surface 34. The extension member 5.7 is mounted on a shaft 11.7
positioned ex-centrally from the median longitudinal axis of the extension
member 5.7, near the periphery of one large-dimension surface 35 of the
extension member 5.7. The shaft 11.7 is received in two channels 10.7a, 10.7b
arranged on the body 4.7 ex-centrally from the medium longitudinal axis of said

body 4.7, near the periphery of one of its large-dimension surfaces.

As shown in Figures 50 and 51, in the stowed configuration of the cage
1.7, the parallel hooks 22.7 of the extension member 5.7 are partially wrapped in
the coating layers 36, 38 arranged on the body 4.7 and are stowed between the
parallel rings 24.7 of the body 4.7 into one single parallelepiped shaped cage 1.7.
In Figure 50, the cage is positioned with its large-dimension surfaces 35 facing
upwards and downwards, which is the favored position for the insertion of the
cage 1.7 between two adjoining vertebrae, while in Figure 51, the cage is

positioned after a 90° rotation, with its small-dimension surfaces 34, one of which
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is the coated surface 36, now facing upwards and downwards. Figure 52
describes the cage 1.7 after the deployment of the extension member 5.7

outwards from the body 4.7.

The deployment of the cage 1.7 is described in Figures 55 to 59. As shown
in Figure 55, the cage 1.7 is first introduced between two vertebrae V1, V2 in a
wrapped or stowed configuration, with the large dimension surfaces 35 of the
body 4.7 and extension member 5.7 engaging said vertebrae and the separation
space of the vertebrae V1, V2 substantially equal to the width of the small
dimension surface 34. Figure 56 describes the beginning of the pivoting of the
extension member 5.7 relative to the reverse-pivoting of the body 4.7, with the
respective Extremities 34 of the body 4.7 and of the extension member 5.7
disassembling. The motion of two respective Extremities 34 disassembling on
one of the large dimension surfaces 35 entails, on the other side of the pivoting
axis 11.7, the corresponding motion of the Extremities 34 disassembling on the
other large dimension surfaces 35. The vertebrae V1, V2 are engaged by the four
Extremities 34 and the pressure exerted by the four disassembling Extremities
34 against the Vertebrae V1, V2 spreads the space between the said two
vertebrae. Figures 57 and 58 describe the progression of the disassembling of
the two pairs of Extremities 34 of the body 4.7 and of the extension member 5.7
until the two small dimension surfaces or Extremities 34 of each of the body 4.7
and of the extension member 5.7 fully rest against the two opposite vertebrae V1,
V2, as shown in Figure 59, thus significantly increasing their separation space to
the width of the large dimension surfaces 35. Each of the body 4.7 and the
extension member 5.7 has pivoted approximately 90°. The deployed cage 1.7

has also laterally expanded in width by a factor of nearly two.

Figures 53 and 54 describe a variation of the fifth embodiment, with the
body 4.7 of the cage 1.7 being configured with parallel rings 24.7 but without
coated layers. Compared to the preferred fifth embodiment in Figures 50 to 52,
the two pairs of small dimension surfaces 34 of the cage 1.7 of this variation are
angled relative to each other, which is suitable for posterior, postero-lateral and

transforaminal surgical approaches.
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Figures 60 and 61 represent the sixth embodiment of the invention, with a
cage 1.8 having one body 4.8 consisting of two shafts 11.8a, 11.8b fixed to two
plates 39 at the front and rear ends of the body 4.8. The shafts 11.8a, 11.8b of
the body 4.8 are received within two respective channels 10.8a, 10.8b arranged
asymmetrically on two extension members 5.8a, 5.8b. The extension members
5.8a, 5.9b are configured with parallel rings 25.8a, 25.8b with such parallel rings
arranged to be stowed between each other in a stowed configuration of the cage
1.8 as shown in Figure 60. Figure 61 describes the cage 1.8 in a deployed
configuration of the two extension members 5.8a, 5.8b and of the body 4.8, which

has been pivoted approximately 110°-120° around the axis of its shaft 11.8a.

The method of deployment of the cage 1.8 of the sixth embodiment is
described in Figures 62 to 66. According to Figure 62, the cage 1.8 is introduced
between two vertebrae V1, V2 in its stowed configuration. In variations of the
method, the cage 1.8 may be introduced in any different positions of the stowed
configuration. Figures 63 to 65 describe the deployment of the extension
members 5.8a, 5.8b: they are rotated around the axes of the shafts 11.8a, 11.8b
while the plates 39 of the body 4.8 connecting such shafts are also pivoted, and
these motions distract the upper and lower vertebrae V1, V2 during the
deployment. This multiple articulation with several joints enables the deployment
asymmetrically of the three components of the cage 1.8. Figures 63 and 64
describe the pivoting of the rings 25.8a of the extension member 5.8a to support
the spreading of the vertebrae V1, V2, but in different variations of the method,
that extension member 5.8a could have stayed static while only the second
extension member 5.8b and the body 4.8 are deploying. The deployment
sequence described in Figures 63 to 65 is only an example to enable the
invention, and there is a variety of sequences of deployment of the three
components 4.8, 5.8a, 5.8b of the cage 1.8 of the sixth embodiment. Figure 66
shows the cage 1.8 in its deployed configuration, with a lateral expansion factor

in excess of two.

Allembodiments of the invention are configured to self-lock in the deployed

configuration of the extension member 5 by the compression force “F2” of the
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vertebrae V1, V2. Any additional suitable technical means of locking the
extension member 5 into a deployed position may be applied to the invention.
The Figures describe extension members 5 whose shafts 11 or channels 10 are
arranged within the perimeter of the surfaces of the bodies 4 or extension
member 5. In different variations of the invention, the channels 10 or shafts 11
may be configured on the body 4 or the extension member 5 beyond the

perimeter of their surfaces.

It goes without saying that each of the characteristics of each embodiment
and any of its variations may be applied to any other embodiment or any of their
variations. In variations of any embodiment, the shafts 11 and channels 10 may
be angled obliquely compared to the longitudinal axes of the cage 1, so as to
introduce differential deployment dimensions for the cambered ribbons 8, 12,
discs 15a, 15b, 15c¢, blocks 5.2, hooks 22 and rings 24, 25 which are mounted on
an obliquely positioned shaft 11 of an extension member 5 or a body 4. The
bodies 4 of the cages 1 of the first to sixth embodiments and the extension

members 5 may be made in different materials.

The embodiments of the invention may apply to any implants separating
and/or fusing vertebrae, whether interbody implants, vertebral body replacement
implants, inter-spinous implants and artificial discs. The invention may also apply
to the reduction and/or fusion of other bones, such as the hips, the pelvis, and

any long bones and joints.

The embodiments of the invention may apply to human spinal columns

and to animal spinal columns.
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CLAIMS
What is claimed is
1. A bone fusion device for insertion between an upper vertebra and a lower

vertebra including at least one stowable extension member comprising
a base member having proximal and distal ends

the at least one stowable extension member being structured to engage a
vertebra to dynamically modify a form factor of the bone fusion device to
increase the volume of the interbody cage;

wherein one of the base member and at least stowable extension member has
a surface covering at least a part of the surface of the other of the base member
and at least one stowable extension member; and

wherein the at least one stowable extension member being adapted to rest
against at least one of the upper vertebra and lower vertebra and extend the
perimeter of the contact surface between the bone fusion device and at least
one of the upper vertebra and the lower vertebra.

2. The bone fusion device of claim 1 wherein the at least one stowable
extension member is structured to rotatably change the form factor of the fusion
device by changing the perimeter of the contact surface between the bone
fusion device and at least one of the upper and lower vertebra.

3. The bone fusion device of claim 1 wherein one of the one or more
extension members and base member are structured to pivot from a stowable
position outward in a direction away from the lateral sides of the other one of
the base member or of one of the extension members.

4, A bone fusion device for insertion between an upper vertebra and a lower
vertebra including at least one stowable extension member comprising

a base member having proximal and distal ends

the at least one stowable extension member being structured to engage one
vertebra to dynamically modify a form factor of the bone fusion device to
increase the volume of the interbody cage;

wherein one of the base member and at least stowable extension member has
a surface covering at least a part of the other of the base member and at least
one stowable extension member; and

wherein the at least one stowable extension member being adapted to rest
against at least one of the upper vertebra and lower vertebra and increase the
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separation space between the bone fusion device and the upper vertebra and
the lower vertebra.

5. The bone fusion device of claim 4 wherein the at least one stowable
extension member is structured to rotatably change the form factor of the fusion
device by increasing the separation space between the bone fusion device and
the upper vertebra and the lower vertebra.
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