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connecting bar (2), first and second bone anchoring mem-
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able of connecting the connecting bar (2) to said bone an-
choring members (3, 4). According to the invention, -ecach
second bone anchoring member is in the form of a flexible
ligament (4) capable of being engaged around the lamina
(101) or an apophysis of a vertebra(100); -each second con-
necting part (6) comprises a conduit (11) receiving said liga-
ment (4) and means (12) for blocking said ligament (4) in
the conduit, with tensing of the ligament (4), and -each con-
tact member includes at least one rotating part (16; 17)
mounted in said second connecting part (6), capable of com-
ing into contact with said connecting bar (2) by a point.
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VERTEBRAL OSTEOSYNTHESIS EQUIPMENT

The present invention relates to vertebral osteosynthesis equipment.

It is well known to correct the position of a portion of a vertebral column, or to
immobilize such a portion, using vertebral osteosynthesis equipment comprising rigid
connecting bars, capable of connecting several vertebrae, bone anchoring members,
capable of being anchored in the vertebrae, and connecting parts making it possible to
rigidly connect the connecting bars to said bone anchoring members so as to anchor
said connecting bars to the vertebrae.

The use of such equipment is, however, problematic when the patient is a child
or adolescent, the equipment not being able to adapt itself to the growth of the patient
and requiring periodic repeat surgical operations to adapt the position of the
connecting parts relative to the connecting bars.

To try to resolve this problem, percutaneously maneuverable systems have been
designed. The systems are, however, complex and not fully satisfactory.

Furthermore, the publication of American patent application
Nr. US 2011/270314 A1 describes equipment comprising:

- at least one rigid connecting bar, capable of connecting several vertebrae,

- first bone anchoring members and first connecting parts, capable of anchoring
the connecting bar to the vertebrae with immobilization of that bar relative to the first
connecting parts, and

- second bone anchoring members secured to second connecting parts capable
of anchoring the connecting bar to the vertebrae with sliding of the bar relative to the
second connecting parts; each of these two bone anchoring members is formed by a
screw body and each of these two connecting parts comprises a receiving conduit
through which the bar is received slidingly and includes a contact member therein
forming a contact interface between said second connecting part and said bar.

In the applicant's opinion, this equipment may be problematic in terms of the
complexity of placement and rapid wear of said contact members. Furthermore, a risk
of blocking the sliding of the bar relative to said second connecting parts, following the
growth of bone cells around said bar and said second connecting parts, cannot be
ruled out, thereby making the equipment ineffective.

The present invention aims to resolve these essential problems.
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The equipment according to the invention comprises, in a known manner:

- at least one rigid connecting bar, capable of connecting several vertebrae,

- first bone anchoring members and first connecting parts, capable of anchoring
the connecting bar of the vertebrae with immobilization of that bar relative to the first
connecting parts, and

- second bone anchoring members and second connecting parts, capable of
anchoring the connecting bar to the vertebrae with sliding of the bar relative to the
second connecting parts; each second connecting part comprises a receiving conduit
through which the bar is received, slidingly, and includes a contact member therein
forming a contact interface with said second connecting part and said bar.

According to the invention,

- each second bone anchoring member is in the form of a flexible ligament
capable of being engaged around the lamina or an apophysis of a vertebra;

- each second connecting part comprises a conduit receiving said ligament and
means for blocking said ligament in the conduit, with tensing of the ligament, and

- each contact member includes at least one rotating part mounted in said
second connecting part, capable of coming into contact with said connecting bar by a
point.

The invention thus provides equipment combining (i) bone anchoring of said
second connecting parts using ligaments and (ii) rotating parts forming said contact
members, in point contact with the connecting bar.

The applicant was in fact able to determine that the complete resistance of said
contact members to wear generated, over a long period of time, by the repeated
micro-movements exerted by the vertebrae on that equipment, involved providing said
contact members in the form of rotating parts with point contact with the bar. It
nevertheless found that the use of such rotating parts involved perfect alignment of the
two connecting parts with the connecting bar, which led it to anchor the second
connecting parts to the vertebrae using flexible ligaments. In fact, said ligaments, due
to their flexibility, make it possible to absorb any alignment flaws of the two connecting
parts with the connecting bar, while being able to be fully tensioned between the
connecting bar and the vertebrae, using said locking means, so as to enable a

correction of the position of said vertebrae.
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Furthermore, the applicant was able to determine that the piercing of the
vertebrae making it possible, according to the prior art, to screw said second
connecting parts in the vertebrae, led to a risk of proliferation of bone cells around said
second connecting parts and around the bar, and therefore, over time, to a risk of
blocking the sliding made possible by those parts. Using flexible ligaments eliminates
any piercing and consequently avoids that risk of proliferation.

A method for implanting the equipment according to the invention comprises the
following steps:

- placing said first bone anchoring members and said first connecting parts at a
vertebra situated in a central area of the vertebral portion to be straightened or
immobilized;

- engaging said flexible ligaments around the laminas or apophyses of one or
more vertebrae situated at one end or both ends of the vertebral portion to be
straightened or immobilized;

- in any order, engaging the ligaments in the receiving conduits comprised by
said second connecting parts and engaging said second connecting parts on the
connecting bar(s); and

- tensing the ligaments and tightening said locking means to maintain that
tension.

Said at least one contact member can in particular include a series of beads
supported by an annular cage placed coaxially to the conduit comprised by said
second connecting part for the engagement of the connecting bar.

Said at least one contact member can also include a series of cylinders or rollers
mounted freely rotating in cylindrical housings formed in the body of said second
connecting part.

The invention will be understood, and other features and advantages thereof will
appear, in reference to the appended diagrammatic drawing, showing, as non-limiting
examples, several possible embodiments of the concerned equipment.

Figure 1 is a view of the various types of elements comprised by the equipment;

Figure 2 is a view of some of the elements in the assembled state;

Figure 3 is a view of a connecting part comprised by said equipment, according

to a first embodiment;
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Figure 4 is a view of said connecting part in cross-section along line IV-IV of
Figure 3;

Figure 5 is a cross-sectional view along line V-V of Figure 3;

Figure 6 is a view of said connecting part similar to Figure 5, after the
engagement of the connecting bar in the connecting part;

Figure 7 is a view of the connecting part comprised by said equipment, according
to a second embodiment;

Figures 8 and 9 are cross-sectional views along lines VIII-VIIl and IX-IX,
respectively, of Figure 7;

Figure 10 is a view of said connecting part similar to Figure 8, after the
engagement of the connecting bar in the connecting part;

Figure 11 is a very diagrammatic rear view of a vertebral column portion to be
immobilized;

Figure 12 is a view similar to Figure 11, after placement of two anchoring pedicle
screws in the vertebra situated at the center of said vertebral column portion and the
placement of ligaments around the laminas of the superjacent and underlying
vertebrae;

Figure 13 is a view similar to Figure 12, after complete placement of the
equipment; and

Figure 14 is a view similar to Figure 13, following growth of the patient over
several months or years.

Figure 1 shows various types of elements comprised by vertebral osteosynthesis
equipment, said equipment being particularly designed to treat a growing patient,
namely a child or adolescent.

The equipment comprises: two rigid connecting bars 2, capable of connecting
several vertebrae, bone anchoring members in the form of polyaxial pedicle screws 3
and ligaments 4, capable of anchoring said connecting bars 2 to the vertebrae, two
types of connecting parts 5, 6, making it possible to connect the connecting bars 2 to
said bone anchoring members 3, 4, and nuts 7 for tightening the connecting parts 5 on
the screws 3. In Figure 1, only one bar 2 is shown, from the side; two screws 3 are
shown, one from the side on the right in Figure 1, with its articulated proximal slug 3a

inclined relative to the base screw body 3b, and the other is shown from the top on the
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left side of the figure, with said slug 3a in the axis of the body 3b; a single ligament 4
shown in Figure 1 (the equipment comprises four such ligaments); two connecting
parts 5 and two connecting parts 6 are shown, those situated on the right in Figure 1
being shown from the side and those on the left in said Figure being shown from
above.

The connecting bars 2, screws 3, connecting parts 5 and nuts 7 are of a known
type, making it possible to anchor the bar 2 so as to be fixed to the vertebrae, i.e.,
without possibility of the bar 2 moving relative to the vertebrae. In the illustrated
example, these elements are as described in document no. WO 98 55038, whereof
the applicant is the holder.

At least one connecting bar 2 can be rectilinear, as shown in figures 1 or 2; it may
also be curved, as shown in figures 6 or 10, so as to be adapted to the anatomical
curvature of the treated vertebral column portion, in particular when it involves the
lumbar vertebrae.

It will be understood that the screws 3 and connecting parts 5 maybe of other
types; for example, the screws may be of the "tulip" or "top loading" type, in which
case the connecting parts are set screws that can be mounted on said screws to
immobilize the bars 2 relative to said screws. The screw bodies 3b may be replaced by
laminar hooks.

Each ligament 4 is also of a known type, for example made up of a polyester
braid, with a circular or flat cross-section.

In reference to figures 3 to 10, it appears that each connecting part 6 comprises a
conduit 10 designed to receive the bar 2, as shown in figures 2, 13 and 14, and a
conduit 11 designed to receive the two strands of a ligament 4 surrounding the lamina
101 of a vertebra 100 (cf. Figure 12). The conduit 11 extends in a plane substantially
perpendicular to the axis of the conduit 10 and is inclined relative to the conduit 10,
with a lower opening of that conduit 11 (i.e., situated for the side of the part 6 designed
to be turned toward a vertebra) further from the conduit 10 than the upper opening. A
set screw 12 emerges in the conduit 11, making it possible to grip the strands of the
ligaments 4 so as to immobilize those strands relative to the part 6.

In the first embodiment shown in figures 3 to 6, the connecting part 6 comprises

an annular cage 15 positioned in the conduit 10, coaxial thereto, serving as a seat for
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a series of beads 16, said beads 16 rolling freely relative to said cage 15. The
assembly forms a contact member making up an interface between the second
connecting part 6 and the bar 2, such that the bar 2 can easily slide inside the conduit
10.

In the second embodiment of the connecting part 6 shown in figures 3 to 6, this
part 6 comprises four cylinders 17 mounted freely rotating in cylindrical housings
formed in the body of the part 6.

In practice, as shown in figures 11 to 13, the equipment according to the
invention is implanted as follows:

- implantation of two screws 3 in the pedicles of the vertebra 100 situated at the
center of the vertebral column portion to be treated;

-engagement of pairs of ligaments 4 around the laminas 101 of the two
vertebrae 100 adjacent to the central vertebra (cf. Figure 12);

- rigid connection of the connecting bars 2 to the screws 3 using connecting parts
3;

- in any order: sliding engagement of connecting parts 6 on each connecting bar
2, connection of each of the parts 6 to the corresponding ligament 4 by engaging two
strands of the ligament 4 in the conduit 11;

- tensing the ligament 4 relative to the connecting part 6;

- immobilizing said ligament relative to the connecting part 6 by tightening the
screw 12 (cf. Figure 13).

The association of each ligament 4 with the corresponding connecting part 6
makes it possible to obtain anchoring of the connecting bar 2 to said adjacent
vertebrae by tensing the ligament 4, then immobilizing the part 6 relative to that
ligament; this anchoring does not, however, hinder the possibility of sliding of each
connecting part 6 relative to the connecting bar 2.

This possibility of sliding anchoring makes it possible to perform the desired
correction or immobilization of a vertebral column segment while enabling the
equipment to adapt itself to growth of the patient, as shown by comparing figures 13
and 14.
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The invention was described above in reference to the embodiments provided as
examples. It is of course not limited to these embodiments, but on the contrary

encompasses all other embodiments covered by the appended claims.
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CLAIMS

1. Vertebral osteosynthesis equipment comprising:

-at least one rigid connecting bar (2), capable of connecting several
vertebrae (100),

- first bone anchoring members (3) and first connecting parts (5), capable of
anchoring the connecting bar (2) of the vertebrae (100) with immobilization of that bar
relative to the first connecting parts (5), and

- second bone anchoring members (4) and second connecting parts (6), capable
of anchoring the connecting bar (2) to the vertebrae (100) with sliding of the bar
relative to the second connecting parts (6); each second connecting part (6) comprises
a receiving conduit (10) through which the bar is received, slidingly, and includes a
contact member (16; 17) therein forming a contact interface with said second
connecting part (6) and said bar (2);

wherein

- each second bone anchoring member is in the form of a flexible ligament (4)
capable of being engaged around the lamina (101) or an apophysis of a
vertebra (100);

- each second connecting part (6) comprises a conduit (11) receiving said
ligament (4) and means (12) for blocking said ligament (4) in the conduit, with tensing
of the ligament (4), and

- each contact member includes at least one rotating part (16; 17) mounted in
said second connecting part (6), capable of coming into contact with said connecting
bar (2) by a point.

2. Equipment according to claim 1, characterized in that said at least one
contact member includes a series of beads (16) supported by an annular cage (15)
placed coaxially to the conduit (10) comprised by said second connecting part (6) for
the engagement of the connecting bar (2).

3. Equipment according to claim 1, characterized in that said at least one
contact member includes a series of cylinders or rollers (17) mounted freely rotating in
cylindrical housings formed in the body of said second connecting part (6).

4. Method for implanting the equipment according to one of claims 1-3,

characterized in that it comprises the following steps:
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- placing said first bone anchoring members (3) and said first connecting parts (5)
at a vertebra (100) situated in a central area of the vertebral portion to be straightened
or immobilized;

- engaging said flexible ligaments (4) around the laminae (101) or apophyses of
one or more vertebrae (100) situated at one end or both ends of the vertebral portion
to be straightened or immobilized;

-in any order, engaging the ligaments (4) in the receiving conduits (11)
comprised by said second connecting parts (6) and engaging said second connecting
parts (6) on the connecting bar (2); and

- tensing the ligaments (4) and tightening said locking means (12) to maintain

that tension.
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