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(57) Abstract: A vertebral column osteosynthesis
device of the type comprising at least one cage (1,
13) Containing a bone graft that will be substituted for
at least one vertebra and the vertebrae (C2, C4, C7)
between which the cage (1, 13) is placed, are fused
with at least one anterior plate (17) that will be fixed
to the said vertebrae (C2, C4) between which is cased
the said case (1,13) or at least one of the said cages (1,
13) is placed, characterized in that the said device also
comprises: Means (24, 25) of attachment of the said
anterior plate (17) or at least one of the said anterior
plates (17) to the cage (1) facing it; Two longitudinal
rods (35, 36) that will extend along the vertebral column
on each side of the processus spinosus, means of
attachment of the ends of the said rods to healthy ends of
the patient’s skeleton, and means of connection of each
rod to the said cage (1, 13) or to at least one of the said
cages (1, 13).
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VERTEBRAL COLUMN OSTEQOSYNTHESIS DEVICE COMPRISING A CAGE. AN

ANTERIOR PLATE AND TWO LONGITUDINAL RODS

The invention relates to surgery of the vertebral column, particularly in the

cervxcal area.

Various vertebral column osteosynthesis devwes are known and used in surgery

of the cervical vertebral column when one or several cervical vertebrac have been

" seriously injured by a tumour or a traumatism, such as a severe fracture, making them

very unstable.

Some devices comprise a bone graft enclosed in a cage to fuse two vertebral

_ plates and an anterior plate together. Posterior processes are kept But they are inevitably

unstable.

These devices can be slightly to a certain extent by adding a posterior attachment
plate on levels superadjacent and subjacent to the lesion. However, when several
vertebrae are concerned, there is a large lever arm at the lesion. And once again, the
posterior processes at the injured level are not fixed.

Another more radlca] solutlon consists of completely removmg the injured
vertebra(e) and assoc1ated disks and replacing them by a solid block in which a bone
graft can be placed, making a fusion between the vertebrae retained above and below the

injured level. However, anterior and postetior stability is not achieved and an anterior

plate and / or a posterior plate has (have) to be added to this device, wh.ich. was
independent from the block in known embodiments. However even under these
conditions, stability is not optimal.

The purpose of the invention is to provide surgeons with an osteosynthesis
device for the vertebral column to achieve optimal anterior and posterior stability of the
vertebral column, particularly the cervical part of the vertebral column, when one or
several injured vertebrae have been removed.

To achieve this, the purpose of the invention is a vertebral column osteosynthesis
device of the type comprising at least one cage contammg a bone graft that will be
substituted for at least one vertebra, and the vertebrae are fused with the cage placed
between them, and at least one anterior plate that will be fixed to the said vertebrae
between which the said cage or at least one of the said cagés is placed, characterised on

that the said device also comprises:
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- means of attachment of the said anterior plate or at least one of the said

anterior plates to the cage facing it;
|

- two longitudinal rods that will extend along the vertebral column on each
side of the p‘rocéssus spinosus, means of attachment of the ends of .the said rods to
healthy ends of the patient's skeleton, and means of connection of each rod to the said
cage or to at least one of the said cages. '

The said cage may comprise an annular element at at least one of its ends for
stacking two cages or for anchoring the said cage in a vertebral plate.

The said means of connection of each rod to the said cage may be composed of
threaded orifices formed in the cage and screws penetrating into the said threaded
orifices, the heads of each of the said screws comprising means of reception and locking
of one of the said rods.

The said threaded orifices may be formed on posterior edges of the cage and
control the orientations of the said screws making them correspond to the orientations of
the natural processes of the Qertebrae to be replaced by the cage.

The said screws may be inserted into sleeves connected to the said cage.

One of the ends of the said rods may bé shaped so that they can be ﬁxed to the
patient's occiput. .

The device may comprise several cages, and one anterior plate for each cage.

At least one of the said cages may comprise means of connection to the said rods _
distributed on several of its levels.

The dimensions and shape of the said at least one cage, possibly provided with
one or several annular elements, may be compatible with the replacement of a cervical
vertébra or several successive cervical vertebrae.

As will have been understood, the invention is based on a combination of:

- " an anterior plate fixed at both its ends to conserved vertebrae above and
below the level of the injured vertebrae that were removed; .

- a cage or a superposition of cages enclosing a bone graft that is
substituted for the injured vertebral body or bodies and their associated disks; and the
cage is fixed to the anterior plate at at least one of its levels; |

. and two longitudinal rods extending along the posterior part of the
vertebral column on each side of the processus spinosus; each of these rods is fixed to

the vertebral column at at least three points; the end attachment levels (top and bottom) °



WO 2006/065932 PCT/US2005/045301

20

25

10

15

20

in Figures 1 and 2;

3 .
must be formed of healthy elements of the skeleton, namely two vertebrae left intact, or

one vertebra left intact for the bottom attachment level and the patient's occiput for the

‘top level; and at least one other attachment level is formed from the above mentioned

cage.

The invention will be better understood after reading the following description
given with reference to the followlng appended ﬁgures:

- Figure 1 that shows a side view of an example device according to the
invention implanted on a patient's cervical vertebral column;

- Figure 2 that shows an anterior view of the same example device;

- Figure 3 that shows a sectional view of the same device, élong line ITI-II1

- Figure 4 that sh(lws a pefspective view of an example ofba éagé used in
the invention (Figure 4a) and an annular element forming thé top and bottom ends
(Figure 4b). | |

In the example that will be described and illustrated in detail in Figures 1 to 3, -
the bottom of the skull 1 of the patient and his cervical vertebral column have sufferéd

from ablation of the vertebrae C3, (_35 and C6 and the associated disks. Therefore,

~ vertebrae C1, C2, C4 and C7 are kept intact.

Vertebra C3 was replaced by a cage 1 (see Figure 4a) with a generally
parallelepiped shape, defining a central compartment 2 in which a bone graft may be
contained which, after placement of the device, will enable fusion between the vertebral
plates of C2 and C4 facing each other. In the example shown, this cage 1 has aﬁnular
elements 3 at both ends (see Figure 4a) that can be inserted and clipped inside the cage 1
(only one can be seen in Figures 1 and 2) to form the top and bottom surfaces of the cage
1. As can be seen in Figure 4a, the cage 1 comprises a central compartment 2 containing
edges 4 on which the annular elements 3 can rest.

Each of these annular elements 3 makes contact between the cage 1 and the
vertebral plate C2 or C4. To achieve this, they preferably have an etching at least around
their periphery 5 with hollows 6 and relief 7. The relief 7 must be embedded in the
corresponding vertebral plate to improve bond between the cage 1 and the vertebrae C2,
C4.

Another function of these annular elements 3 is to apply the final configuration to

the cage 1 in terms of length and angle of its end surfaces. As shown, the top and bottom

surfaces of the annular element 3 might not be parallel. In this case, even if the cage 1 is
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approximately parallelepiped shaped as shown, it should be completed by annular
elements 3 that form non-parallel top and bottom surfaces to restore the natural
curvature to the vertebral column as closely as possible in the treated area.

Therefore, starting from a single basic model, it is possible to access different
lengths of the cage 1 and angles of its end surfaces, simply by varying the shapes and |

dimensions of the annular elements used to complete the basic model.

The cage 1 has threaded orifices 11, 12 on the edges 8, 9 of its posterior phase
10, and the function of these orifices will be described later.

Similarly, as can be seen in Figures 1 and 2, the vertebrae C5, C6 and their
associated disks have been replaced by a cage 13 similar to cage 1, except that it is
longer since it has to replace two vertebral bodies instead of: one. Similarly, it is
provided with two annular elements 14, 15 similar to the annular element 3. As a
variant, the cage 13 may be replaced by a stack of two .shorter cages nested around an
annular element similar to elements 3, 14 and 15. Each posterior edge 16 of the cage 13
is provided with two threaded perforations distributed along its height, similar to the
threaded perforations 11, 12 of cage 1. _

The anterior plate 17 is also visible in Figures 1 to 3 and fixes the cage 1 to the
vertebral bodies of .C2 and C4. To achieve this, in the example' shown, the plate 17
comprises two perforations close to each of its ends through which two screws 18, 19
bass penetrating into C2 and two screws 20, 21 pass penetrating into C4. Two orifices
22, 23 are formed in the central part of the plate 17, through which screws 24, 25 pass
penetrating into corresponding threaded orifices 26, 27 of cage 1 to fix the plate 17 to
cage 1. Preferably, the plate 17 comprises a housing 28 for a washer 29 fixed to the plate
17 by a screw 30. The periphery of the washer 29 bears on the heads of screws 24, 25
and prevents them from migrating outside their housings. Similar washers 31, 32 are
also present to vpre\)ent screws 18, 19, 20, 21 fixing the plate 17 on C2 and C4 from
migrating 6utside their corresponding housings.

A plate similar to plate 17 also optimises the bond or fusion between firstly the
cage 13 replacing C5 and C6, and secondly C4 and C7. It is not shown in Figures 1 and
2, for better clarity. On the other hand, threaded orifices 33, 34 are shown that fix this
plate on the cage 13 using screws. '

The other elements stiffening the assembly’ and its attachment to the patient's ‘
skeleton are two longitudinal rods 35, 36 that extend along the posterior side of the

vertebral column on each side of the processus spinosus.
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These rods 35l, 36 must each be fixed at at least three levels onto the vertebral
column. At least two of these attachment levels must be at healthy elements of the
skeleton, namely two healthy vertebrae or one healthy vertebra and the patient's occiput
37. And the two rod ends (the highest and lowest on the vertebral column) must be
attached to these healthy elements. The other attachment levels are ideally attachment
points for all cages 1, 13 of the device according to the invention.

Figure 1 shows a.case in which the rods 35, 36 are fixed to the occiput 37, on a
level of the cage 1 replacing C3, on two levels of the cage 13 replacing C5 and C6 and
on the vertebra C7. The rods 35, 36 are attached to the occiput 37 and C7 by screws not
shown in Figure 1. The screws that fix the rods 35, 36 on the occiput 37 pass through the
orifices 38, 39, 40, 41 formed fér this purpose at the flattened top end 42, 43 of each rod
35, 36. The screws that fix the rods 35, 36 to one or more healthy vertebrae have a head
in which gi rod 35, 36 may be inserted and blocked, as is done conventionally, or a
connector inside which the rod 35, 36 is blocked and that is itself ﬁxed to the screw.

A preferred method of fixing the rods 35, 36 to the cages 1, 13 is shown in

Figures 1 to 3, and will now be described with reference to the device that fixes the rod

'35 extending on the right side of the vertebral column to the cage 1 that replaces C3.

As can be seen better in Figure 3, the rod 35 is inserted into the tulip shaped head
44 of a screw 45, where it is blocked by a threaded plug 46, cooperating with the
threaded inside walls of the head 44. In the example shown, the head 44 can be oriented
multi-axially with respect to the longitﬁdinal axis of the screw 45. Consequently, the
screw 45 is provided with a spherical contact surface 47 with which the bottom part of
the head 44 cooperates and an intermediate annular part 48 that has one face into which
the rod 35 fits, and a spherical contact surface 49 on the other of its faces. An elastic ring
50 retains the annular part 47 in the head 44 in cooperation with a peripheral groove 51
formed on the internal face of the head 44. The multi-axially orientable néture of the
head 44 allows the surgeon a great deal of freedom in placing the device as quickly as
possible and making the device fit the anatomy and the needs of the patient in the best

possible manner.’
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approximately parallelepiped shaped as ‘shown, it should be completed by ‘annular

elements 3 that form non-parallel top and bottom surfaces to restore the natural

curvature to the vertebral column as closely as possible in the treated area.
Therefore, starting from a single basic model, it is possible to access different‘

g_aths of the_cage 1 and angles of its.end surfaces, simply by varying the shapes and

The screw 45 penetrates into the threaded orifice 12 formed on the edge 9 of the
cage 1, at the end opposite the end at which the head 44 is located. Thus, due firstly to
blocking of the rod 35 in the head 44 of the screw 45 achieved by the threaded plug 46,
and secondly insertion of the screw 45 into the cage 1, a rigid link is achieved between
the rod 35 and the cage 1.

Preferably, the screw 45 is not directly exposed to the outside medium over its
entire length, but it passes through a sleeve 52 threaded on the inside and inserted on the
cage 1 at the inlet of the orifice 12. Thus, any ofgans (spinal cord, nerve roots, etc.) that
could come into contact with the thread of the screw 45 during and after placement of
the device are protected from contact that could injure them. As a variant, this sleeve 52
could be scfewed into the inlet of orifice 12 by means of an outer thread, instead of
simply being inserted into it.

Symmetrically with the screw 45 - sleeve 52 :'assembly that has just been
described, the cage 1 comprises a screw 53 - sleeve 54 assembly and its associated parts
on its other edge 8, that similarly make the connection between the rod 36 extending on
the left side of the vertebral column, with the cage 1.

Similarly, the cage 13 replacing C5 and C6 comprises screw - sleeve assemblies
similar to the prévious assemblies making the connection with the rods 35, 36. Only two
are shown in Figures 1 -:3, but for reasons of symmetry aﬁd stiffness of the device, it
would be preferable if there were four, namely two for each replaced vertebra.

Preferably, the orifices 11 and 12 provide an orientation for the screws 45, 53
corresponding approximately to the orientation with the natural processes of the vertebra
or vertebrae that the corresponding cage 1 is supposed to replace. In the example shown,
this orientation forms an angle of 50° with the transverse axis of the vertebral column.

Obviously, variants .of the device that has just been described may easily be
imagined. '

In particular, the connections of the different elements to each other and to the

patient's skeleton may be different from those shown.
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The presence of annular elements 3, 14 and 15 at the ends of cages 1, 13 is not
compulsory, if it is acceptable to use single piece non-stackable cages. In this case, the
relief 7 for attachment of the cage 1, 13 to the corresponding vertebral plates could be
formed on the extreme edges of the cages 1, 13, the said edges also having the
orientations required to restore the normal geometry of the vertebral column.

When, as shown, a device according to the invention comprises several cages 1,
13 separated by one or several healthy vertebrae it might be sufficient to only fix one of |
the cages to the healthy vertebrae that surround it using an anterior plate 17. ‘

In order to place the device according to the invention, the surgeon begins by
making an anterior corporectomy onto the vertebra to be replaced (for example C3). He
then puts the cage 1 and its annular elements 3, if any, into place. He then puts the
anterior plate 17 into place, firstly fixing it to the cage 1 and then to healthy vertebrae
C2, C4. He then performs posterior surgery beginning by removing posterior bone -
elements (articular facets and processus articularis). He then fixes the screws 45 in the

cage 1 and blocks them with the sleeves 52, 54. He then places posterior attachment |

- devices of the rods 35, 36 on healthy parts of the skeleton. Finally, he puts rods 35, 36

into’ place, by making their connection with the screws 45 and posterior attachment
devices.

The device accordihg to the invention is particularly well adapted for use in the
cervical region. In this region, it can advantageously be used instead of known devices
that require both anterior and posterior stabilisation. HoWever it can be used in other

regions of the vertebral column.
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CLAIMS

1. A vertebral column osteosynthesis device of the type comprising at least one cage (1,
13) containing a bone graft that will be substituted for at least one vertebra, and the
vertebrae (C2, C4, C7), between which the cage (1, 13) is placed, are fused with at least
one anterior plate (17) that will be fixed to the said vertebrae (C2, C4) between which
the said cage (1, 13) or at least one of the said cages (1, 13) is placed, characterised in
that the said device also comprises: A '

- means (24, 25) of attachment of the said anterior plate (17) or at least ohe
of the said anterior plates (17) to the cage (1) facing it;

- two longitﬁdinal rods (35, 36) that will extend along the vertebral column
on each side of the processus spinosus, means of attachment of the ends of the said rods
to healthy elements of the patient's skeleton, and means of connection of each rod to the

said cage (1, 13) or to at least one of the said cages (1, 13).

2. Device according to claim 1, characterised in that the said cage (1, 13) comprises an
annular element (3, 4) at at least one of its ends for stacking two cages (1, 13) or for

anchoring the said cage (1, 13) in a vertebral plate.

3. Device according to claim 1 or 2, characterised in that the said means of connection of
each rod (35, 36) to the said cage (1, 13) are composed of threaded orifices (11, 12)
formed in the cage (1, 13) and screws (45, 53) penetrating into the said threaded orifices
(11, 12), the heads of each of fhe said screws (45, 53) comprising meané of reception
(44) and locking (46) of one of the said rods (35, 36). |

4. Device according to claim 3, characterised in that the said threaded orifices (11, 12)
are formed on posterior edges (8, 9) of the cage (1, 13) and control the orientations of
the said screws (45, 53) making them correspond to the orientations of the natural

processes of the vertebrae to be replaced by the cage (1, 13).



WO 2006/065932 PCT/US2005/045301

10

15

5. Device according to claim 3 or 4, characterised in that the said screws (45, 53) may be

inserted into sleeves (52, 54) connected to the said cage (1, 13).

6. Device according to one of claims 1 to 5, characterised in that one of the ends (42, 43)
of the said rods (35, 36) are shaped so that they can be fixed to the patient's occiput (37).

7. Device according to one of claims 1 to 6, characterised in that it comprises several

cages (1 to 13), and one anterior plate (17) for each cage.

8. Device according to one of claims 1 to 7, characterised in that at least one of the said
cages (13) comprises means of connection to the said rods (35, 36) distributed on several

of its levels.

9. Device according to one of claims 1 to 8, characterised in that the dimensions and
shape of the said at least one cage (1, 13), possibly provided with one or several annular
elements (3, 14, 15), are compatible with the replacement of a cervical vertebra or

several successive cervical vertebrae.
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