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Description

�[0001] The present invention is directed to a spinal fix-
ation system, and in particular one which includes a var-
iable angle spinal fixation device according to the defini-
tion of claim 1.
�[0002] Stabilization of the spine is often required fol-
lowing trauma, tumor, or degenerative pathologies. Al-
though each region of the spine presents unique clinical
challenges, posterior fixation of the cervical spine is par-
ticularly troublesome. The anatomy of the cervical spine
makes it a technically challenging area to instrument.
Specifically, several vital neural and vascular structures
including the vertebral arteries, nerve roots, and spinal
cord must be avoided during surgery.
�[0003] Current methods of posterior cervical stabiliza-
tion include the use of metallic wire or cable and plate/
screw systems. Both wire and plating systems suffer from
limitations. For example, in certain clinical applications
such as occipital-cervical and cervical-thoracic patholo-
gies, the fixed location of the plate screw holes makes
alignment of the screws difficult and may comprise the
achieved stabilization.
�[0004] In order to alleviate the problems associated
with fixed screw hole location, devices allowing variability
in screw placement are available. For example, U.S. Pat-
ent No. 5,735,852 discloses a clamp that can be placed
anywhere along the length of a rod. One problem with
this and similar designs is that the clamp has a screw
hole surface oriented at a fixed angle with respect to the
rod. As a result, these systems often do not provide suf-
ficient angulation of the screw to accommodate complex
degenerative pathologies.
�[0005] Variable angle screw systems are also currently
available. U.S. Patent No. 5,549,608 discloses a polyax-
ial locking screw and coupling element device for use
with a rod fixation apparatus. Because the rod is located
on top of the screw after the device is assembled, the
device disclosed in the ’608 patent has a high profile and
does not allow independent screw and rod fixation. With-
out independent screw and rod fixation, some adjusta-
bility is lost along with the ability to compress or distract
along the rod. Furthermore, should one of the compo-
nents loosen, the entire construct also loosens.
�[0006] The osteosynthetic fixation device disclosed in
U.S. Patent No. 5,501,684 comprises the features de-
fined in the preamble of claim 1. It requires that the rod
be threaded through a channel rather than simply slipping
the rod through an opening on the side or top of the de-
vice. It should also be noted that the devices of the ’684
and ’608 patents were designed for use in the lumbar
and sacral regions of the spine.
�[0007] U.S. Patent No. 5,643,259 discloses spine fix-
ation instrumentation for the cervical spine. Because the
instrumentation disclosed in the ’259 patent relies on a
sleeve mechanism to secure the rod and the screw to
the connector, it is difficult to align both sleeves with the
connector. Furthermore, when several connectors are

used, alignment is even more difficult and unintended
distraction between levels may occur when joining the
rod sleeves to the connectors. Due to the limited space
between adjacent vertebrae in the cervical region of the
spine, there may not be sufficient room between connec-
tors to allow placement of the sleeves. In addition, optimal
orientation of the ’259 patent system is limited by the
inability to rotate the screw about an axis parallel to the
rod, i.e. the system only provides for two degrees of free-
dom, possibly resulting in the need to bend the rod in
order for it to fit within the connector. Since the system
of the ’259 patent depends on the ability to slide the
sleeve mechanism along the rod when securing the rod
to the connector, the fact that the rod may have to be
bent to account for the missing third degree of freedom
may prohibit the proper functioning of this sleeve mech-
anism, and the rod may not lock securely. Finally, the
assembly and disassembly processes are tedious and
require complicated instruments.
�[0008] Another bone fixation device for orthopedic sur-
geriy is disclosed in US 5,613,968 LIN. This known device
comprises a fixation ring whereof a fixing portion is axially
slideable on a longitudinal rod, a threaded fixation ele-
ment, e.g. a bone or pedicle screw, a clamping element
and a fastening nut, whereby upon tightening the fasten-
ing nut the fixation element is fastened to the fixation ring
by means of the clamping element and the fixing portion
of the fixation ring is compressed and such secured to
the longitudinal rod.
�[0009] Yet, another bone fixation device is disclosed
in WO 96/28104 YOSHIMI. This known apparatus com-
prises a bone fixation element, e.g. a bone or pedicle
screw, a longitudinal rod member and a coupling mem-
ber, whereby the coupling member has a first channel
for receiving a portion of the bone fixation element and
a second channel for receiving a portion of the longitu-
dinal rod.
�[0010] Both of these known bone fixation devices show
the disadvantage that the longitudinal rod cannot be in-
serted into the fixing portion of the fixation ring In US
5,613,968 LIN or into the coupling member in WO
96/28104 YOSHIMI once the bone or pedicle screw has
been implanted.
�[0011] As the discussion above illustrates, there is a
need for an improved fixation apparatus for stabilizing
the cervical spine.
�[0012] The invention solves the posed problem with a
spinal fixation system, and in particular one which in-
cludes a variable angle spinal fixation device that has the
features of claim 1.
�[0013] The spinal fixation system according to the
present invention comprises a longitudinal member po-
sitionable along a spinal column; a fastener having a
threaded end for engaging a vertebra; and a connector
member for connecting the fastener and the longitudinal
member. The connector member includes a channel ex-
tending through side surfaces of the connector member
for receiving the longitudinal member; an opening later-
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ally displaced from the channel and extending through
top and bottom surfaces of the connector member for
receiving the fastener; and a fastener clamping element
for securing the fastener in the opening at a surgeon se-
lected angle relative to the connector member and lon-
gitudinal member. The system further comprises a lon-
gitudinal member clamping element for securing the lon-
gitudinal member in the channel.
�[0014] The channel has a substantially oval-shaped
cross section to allow positioning of the longitudinal mem-
ber in the channel at discrete locations. The channel ex-
tends through the side surfaces of the connector member
to allow insertion insertion of the longitudinal member in
the channel.�

FIG. 1 is a side view of a first embodiment of the
spinal fixation system according to the prior art;

FIG. 2 is an exploded side view of the system of FIG.
1;

FIG. 3 is a side view of the connector member of
FIGS. 1 and 2;

FIG. 4 is a side view of a connector member accord-
ing to the invention that allows a rod to be placed at
two different positions in the connector member;

Figs. 5 to 15 do not represent the invention as defined
in the claims.

FIG. 5 is a side view of a top loading connector mem-
ber;

FIG. 6 is a cross sectional view of another spinal
fixation system ;

FIG. 7 is a side view of a different embodiment of
the spinal fixation system ;

FIG. 8 is a cross sectional view of the system of FIG.
7;

FIG. 9 is a side view of another spinal fixation system
with a partial cross section;

FIG. 10 is a plan view of the system of FIG. 9;

FIG. 11 is an exploded plan view of another spinal
fixation system ;

FIG. 12 is a side view of a side loading connector
member;

FIG. 13 is an exploded side view of the connector
member of FIG. 12;

FIG. 14 is a plan view of a another spinal fixation

system; and

FIG. 15 is another plan view of the system of FIG. 14.

�[0015] FIGS. 1 and 2 show a first embodiment of the
spinal fixation system according to the prior art. Although
the discussion of this and the other embodiments focuss-
es on cervical fixation, it should be noted that the spinal
fixation system can be used in other areas of the spine.
System 10 includes a connector member 12 for connect-
ing a fastener 14 to a rod 16. Usually at least two fasteners
14 and at least two corresponding connector members
12 are used with one rod 16. Fastener 14 has a stem 18
with a plurality of threads 20 and a hemispherical head
22 with a coupling 24 for attachment to a driver or other
device for screwing fastener 14 into a vertebra. As de-
scribed in more detail below, fastener 14 can be placed
in the bone before the other components of system 10.
This results in independent and optimal placement of fas-
tener 14 according to the clinical situation, patient anat-
omy, and surgeon preference.
�[0016] Connector member 12 has a channel 26 con-
figured and dimensioned to receive rod 16. A threaded
hole 28 (FIG. 3) intersects channel 26 so that when a set
screw 30 is screwed into threaded hole 28, rod 16 is
secured in channel 26. Connector member 12 has a ta-
pered opening 32 (FIG. 3) for receiving cap 34. Cap 34
has a skirt 36 that has an exterior surface 38 tapered to
closely match in size and shape tapered opening 32. An
interior surface 40 of cap 34 is hemispherical to closely
match in size and shape head 22 of fastener 14. Exterior
surface 38 includes a plurality of slots 42 so that when
head 22 is inserted into skirt 36, skirt 36 can flex outward
until head 22 is flush with interior surface 40 at which
point skirt 36 flexes back. Typically, correct insertion of
head 22 into skirt 36 is determined by audible (i.e. a
"click") and/or tactile feedback. Once head 22 is seated
in skirt 36, head 22 and interior surface 40 function like
a ball and socket joint so that fastener 14 can rotate about
skirt 36.
�[0017] The rotation freedom of fastener 14 allows for
three dimensional variability of fastener 14 with respect
to connector member 12 and rod 16. Thus, system 10
can be placed in any orientation that the surgeon desires
to conform system 10 to patient anatomy. Another ad-
vantage of the rotation freedom is that fasteners 14 and
connector members 12 can be connected without the
need to contour, i.e. bend, rod 16. This simplifies the
surgical procedure, reduces operating time, and pre-
vents undue stress or damage to rod 16 caused by the
bending.
�[0018] Cap 34 also has a threaded segment 44. When
a nut 46 is screwed onto threaded segment 44, cap 34
is drawn into tapered opening 32. As cap 34 is drawn
into tapered opening 32, the size of slots 42 is reduced
and skirt 36 is compressed. The compression of skirt 36
secures head 22 in skirt 36 at a fixed position. Because
fastener 14 and rod 16 are secured to connector member
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12 by two separate mechanisms, fastener 14 can first be
fixed to the vertebra at the desired location and angula-
tion and then secured to connector member 12 before
rod 16 is secured to connector member 12. The tightening
of fastener 14 to connector member 12 prior to securing
rod 16 allows compression or distraction of the vertebrae
along rod 16 without sacrificing the optimal orientation of
connector member 12 and fastener 14 already achieved.
The separate tightening of fastener 14 to connec-
tor-member 12 and rod 16 to connector member 12 also
adds significant safety to system 10. This is due to the
fact that both set screw 30 and nut 46 would have to
loosen to completely destabilize system 10. In designs
in which the rod sits on top of the screw, loosening of any
of the stacked elements can result in failure of the entire
implant. In further comparison to designs with the rod
situated superior to the screw, laterally displacing fasten-
er 14 with respect to rod 16 reduces the profile of system
10.
�[0019] FIG. 4 shows the invention with a connector
member 48 that can be used with system 10. Connector
member 48 has two channels 50 and 52. Depending on
the clinical application, rod 16 can be inserted in channel
50 or channel 52.
�[0020] FIG. 5 shows another connector member 54
that can be used with system 10. A channel 56 on con-
nector member 54 is open on the top so that rod 16 can
be inserted into channel 56 from the top. As was the case
with connector member 12, a set screw (not shown)
threaded into threaded hole 28 secures rod 16 to channel
56. The top loading design of connector member 54 fa-
cilitates inserting rod 16 into channel 56 after connector
member 54 and fastener 14 are properly positioned. Be-
cause rod 16 is not obstructing the area around connector
member 54, the top loading design also allows the sur-
geon to more easily pack the area around connector
member 54 with bone graft or other osteoconductive ma-
terial to enhance the formation of new bone.
�[0021] FIG. 6 shows a system 58. System 58 has a
connector member 60 which, like connector member 54,
provides for top loading of rod 16. Connector member 60
includes a yoke 62 sized to receive a sleeve 64. As sleeve
64 is configured and dimensioned to cradle a portion of
rod 16, inserted sleeve 64 into yoke 62 secures rod 16
to connector member 60. Any suitable sleeve design
which securely fits in yoke 62 and tightly cradles rod 16
to connector member 60 can be used. An example of
such a sleeve is the one disclosed in U.S. Patent No.
5,643,259. A cap 66 of system 58 also differs from cap
34 of system 10. Cap 66 has internal threads 68 (rather
than threaded segment 44) that mate with screw top 70
(rather than nut 46) to draw cap 66 into tapered opening
32.
�[0022] FIGS. 7 and 8 show a top loading system 72.
A connector member 74 has a yoke 76 sized to accom-
modate rod 16. In order to secure rod 16 within channel
26, and in contrast to system 10 in which set screw 30
secures rod 16 in channel 26, in this embodiment a

threaded top 80 mates with threaded walls 82 of yoke 76
to push an apron 78 against rod 16.
�[0023] FIGS. 9 and 10 show a system 84. System 84
is a side loading design, i.e. rod 16 slides into a connector
member 86 from a side. Set screw 30 secures rod 16 to
a yoke 88. The side loading design of connector member
86 facilitates inserting rod 16 to yoke 88 after connector
member 86 and fastener 14 are properly positioned. Be-
cause rod 16 is not obstructing the area around connector
member 86, the side loading design also allows the sur-
geon to more easily pack the area around connector
member 86 with bone graft or other osteoconductive ma-
terial to enhance the formation of new bone.
�[0024] Another side loading system 90 with a connec-
tor member 92 is shown in FIG. 11. Rod 16, yoke 88, and
the manner in which set screw 30 secures rod 16 to con-
nector member 92 are identical to system 84 of FIGS. 9
and 10. However, fastener 94 is secured to connector
member 92 using a ball clamp mechanism. Such a ball
clamp mechanism is disclosed in U.S. Patent No.
5,501,684. Fastener 94 has a stem 18 with a plurality of
threads 20, and intermediate conical section 96, and a
threaded cylindrical head 98. Ball clamp 100 has a con-
ical bore hole 102 for receiving intermediate conical sec-
tion 96 of fastener 94. Ball clamp 100 is shaped like a
spherical shell and is provided with slits 104 to allow bore
hole 102 to compress against intermediate section 96
upon the application of a compressive force. As a result,
when a nut 106 is tightened on the threads of cylindrical
head 98 with ball clamp 100 and intermediate section 96
inserted in a through hole 108, fastener 94 is secured to
connector member 92.
�[0025] FIGS. 12 and 13 show a side loading system
110. Connector member 112 is provided with a threaded
stem 114 onto which an apron 116 slides to retain rod
16 in channel 26. A nut 118 fixes apron 116 to threaded
stem 114.
�[0026] In all the embodiments described above and
shown in FIGS. 1-13, the channel for the rod runs per-
pendicular to the opening for the fastener. However, as
shown in FIGS. 14 and 15, channel 26 for rod 16 can be
oriented at a non-orthogonal angle to opening 32 for fas-
tener 14. This configuration is useful if angulation greater
than that provided for by the fastener securing mecha-
nism is desired. This is particularly useful for transartic-
ular screw angulation requirements.
�[0027] While it is apparent that the illustrative embod-
iments of the invention herein disclosed fulfil the objec-
tives stated above, it will be appreciated that numerous
modifications and other embodiments may be devised
by those skilled in the art. Therefore, it will be understood
that the appended claims are intended to cover all such
modifications and embodiments which come within the
scope of the present invention.
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Claims

1. A spinal fixation system comprising: �

A) a longitudinal member positionable along a
spinal column;
B) a fastener (14) having a threaded end for en-
gaging a vertebra; and
C) a connector member (12) for connecting the
fastener (14) and the longitudinal member, said
connector member (12) having:
D) a channel (26) extending through side sur-
faces of the connector member (12) for receiving
the longitudinal member;
E) an opening (32) laterally displaced from the
channel (26) and’ extending through top and bot-
tom surfaces of the connector member (12) for
receiving the fastener (14);
F) a fastener clamping element for securing the
fastener (14) in the opening (32) at a surgeon
selected angle relative to the connector member
(12) and longitudinal member,
G) the spinal fixation system further comprises
a longitudinal member clamping element for se-
curing the longitudinal member in the channel
(26);
H) that the fastener (14) has a hemispherical
head (22); characterized in that
I) the channel (26) has a substantially
oval-shaped cross section to allow positioning
of the longitudinal member in the channel (26)
at discrete locations.

2. System according to claim 1, wherein the connecting
member (12) further comprises a longitudinal mem-
ber clamping element for securing the longitudinal
member in the channel (26).

3. System according to claim 1 or 2, wherein the con-
nector member (12) connects the longitudinal mem-
ber and the fastener (14) at any one of a plurality of
surgeon selected angles obtained by pivoting the
connector member (12) with respect to the fastener
(14).

4. System according to one of the claims 1 to 3, wherein
the opening (32) is tapered such that its width in-
creases toward the bottom surface of the connector
member (12).

5. System according to claim 4, wherein the fastener
clamping element comprises a cap (34) with a skirt
(36) that has a tapered exterior surface (38) which
closely matches in size and shape the tapered open-
ing (32).

6. System according to one of the claims 1 to 5, wherein
the interior surface (40) of the cap (34) is hemispher-

ical matching closely in size and shape with the
spherical head (22).

7. System according to claim 6, wherein the cap (34)
is provided with a plurality of slots (42) so that when
the head (22) is inserted into skirt (36), the skirt (36)
can flex outward until head (22) is flush with the in-
terior surface (40) at which point the skirt (36) flexes
back.

Patentansprüche

1. Wirbelsäulenfixationssystem umfassend: �

A) einen entlang einer Wirbelsäule positionier-
baren Längsträger;
B) ein Befestigungselement (14) mit einem mit
Gewinde versehenen Ende, um mit einem Wir-
bel in Eingriff zu treten; und
C) ein Verbindungselement (12) zum Verbinden
des Befestigungselements (14) mit dem Längs-
träger, wobei das Verbindungselement (12) fol-
gendes aufweist:
D) einen sich durch die Seitenflächen des Ver-
bindungselements (12) hindurch erstreckenden
Kanal (26) zur Aufnahme des Längsträgers;
E) eine von dem Kanal (26) seitlich versetzte
und sich durch die Oberseite und die Unterseite
des Verbindungselements (12) hindurch er-
streckende Öffnung (32) zur Aufnahme des Be-
festigungselements (14);
F) ein Befestigungselement-Klemmteil zum
Feststellen des Befestigungselements (14) in
der Öffnung (32) in einem vom Chirurgen ge-
wählten Winkel relativ zu dem Verbindungsele-
ment (12) und dem Längsträger; wobei
G) das Wirbelsäulenfixationssystem weiterhin
ein Längsträger-Klemmteil zum Feststellen des
Längsträgers in dem Kanal (26) umfasst;
H) das Befestigungselement (14) weist einen
halbkugeligen Kopf (22) auf;�
dadurch gekennzeichnet, dass
I) der Kanal (26) einen im wesentlichen ovalför-
migen Querschnitt aufweist, um eine Positionie-
rung des Längsträgers in dem Kanal (26) in dis-
kreten Stellungen zu ermöglichen.

2. System nach Anspruch 1, wobei das Verbindungs-
element (12) weiterhin ein Längsträger-Klemmteil
zum Feststellen des Längsträgers in dem Kanal (26)
umfasst.

3. System nach Anspruch 1 oder 2, wobei das Verbin-
dungselement (12) den Längsträger und das Befe-
stigungselement (14) in irgendeinem aus einer
Mehrzahl von vom Chirurgen selektierbaren Win-
keln, welcher sich durch Verschwenken des Verbin-
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dungselements (12) in Bezug auf das Befestigungs-
element (14) ergibt, verbindet.

4. System nach einem der Ansprüche 1 bis 3, wobei
die Öffnung (32) konisch ausgebildet ist, so dass sich
ihre Breite zu der Unterseite des Verbindungsele-
ments (12) hin vergrössert.

5. System nach Anspruch 4, wobei das Befestigungs-
element-Klemmteil eine Kappe (34) mit einem Man-
tel (36) umfasst, der eine konische Aussenfläche
(38) aufweist, welche in Grösse und Form genau der
konischen Öffnung (32) entspricht.

6. System nach einem der Ansprüche 1 bis 5, wobei
die Innenfläche (40) der Kappe (34) halbkugelig aus-
gebildet ist und in Grösse und Form genau dem Ku-
gelkopf (22) entspricht.

7. System nach Anspruch 6, wobei die Kappe (34) mit
einer Mehrzahl von Schlitzen (42) versehen ist, so
dass wenn der Kopf (22) in den Mantel (36) einge-
führt wird, der Mantel (36) sich nach aussen biegen
kann bis der Kopf (22) in der Innenfläche (40) glatt
anliegt und der Mantel (36) sich an diesem Punkt
wieder zurückbiegt.

Revendications

1. Système de fixation pour colonne vertébrale
comprenant :�

A) un support longitudinal pouvant être position-
né le long d’une colonne vertébrale;
B) un élément de fixation (14) pourvu d’une ex-
trémité filetée destinée à entrer en prise avec
une vertèbre; et
C) un élément d’assemblage (12) permettant
d’assembler l’élément de fixation (14) au sup-
port longitudinal, l’élément d’assemblage (12)
présentant :
D) un canal (26) s’étendant à travers les faces
latérales de l’élément d’assemblage (12) et per-
mettant de recevoir le support longitudinal;
E) une ouverture (32) décalée latéralement par
rapport audit canal (26) et s’étendant à travers
la face supérieure et la face inférieure de l’élé-
ment d’assemblage (12), laquelle permet de re-
cevoir l’élément de fixation (14);
F) un organe de serrage de l’élément de fixation,
lequel permet de bloquer l’élément de fixation
(14) dans l’ouverture (32), et ce selon un angle
donné choisi par le chirurgien par rapport à l’élé-
ment de d’assemblage (12) et au support longi-
tudinal;
G) le système de fixation de la colonne verté-
brale comprend en outre un organe de serrage

du support longitudinal permettant de bloquer le
support longitudinal dans le canal (26);
H) l’élément de fixation (14) présente une tête
hémisphérique (22);�
caractérisé en ce que
I) le canal (26) présente une section transver-
sale essentiellement ovale afin que le support
longitudinal puisse être positionné dans le canal
(26) dans des positions discrètes.

2. Système selon la revendication 1, l’élément d’as-
semblage (12) comprenant en outre un organe de
serrage du support longitudinal, lequel permet de
bloquer le support longitudinal dans le canal (26).

3. Système selon la revendication 1 ou 2, l’élément
d’assemblage (12) assemblant le support longitudi-
nal et l’élément de fixation (14) selon un angle quel-
conque sélectionné par le chirurgien parmi une plu-
ralité d’angles et obtenu en faisant pivoter l’élément
d’assemblage (12) par rapport à l’élément de fixation
(14).

4. Système selon l’une des revendications 1 à 3,
l’ouverture (32) étant de forme conique, de sorte que
sa largeur va en s’agrandissant vers la face inférieu-
re de l’élément d’assemblage (12).

5. Système selon la revendication 4, l’organe de ser-
rage de l’élément de fixation présentant un chapeau
(34) pourvu d’une chemise (36), laquelle présente
une face extérieure conique (38) dont la taille et la
forme correspondent étroitement à l’ouverture coni-
que (32).

6. Système selon l’une des revendications 1 à 5, la face
intérieure (40) du chapeau (34) étant de forme hé-
misphérique et correspondant étroitement, pour ce
qui est de sa taille et de sa forme, à la tête sphérique
(22).

7. Système selon la revendication 6, le chapeau (34)
étant pourvu d’une pluralité de fentes (42), de sorte
que, lorsque la tête (22) est insérée dans la chemise
(36), la chemise (36) peut fléchir élastiquement vers
l’extérieur jusqu’à ce que la tête (22) se trouve bien
ajustée dans la face intérieure (40), la chemise (36)
fléchissant à ce moment dans le sens contraire pour
reprendre sa position initiale.
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