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a bone attachment means that provides poly-axial fixation of
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nects the bone attachment means to the spinal rod in a fashion
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sal in the case of posterior spinal pedicle fixation). The ortho-
Related U.S. Application Data pedic stabilization system includes a locking means with a
. L tightenable ball-joint arrangement that locks a post means to
(60)  Provisional application No. 61/341,762, filed on Apr. the bone attachment means in a desired relative spatial orien-
5, 2010. tation. Several embodiments are disclosed, some using tradi-
A . . tional mechanical locking means such as screw fasteners,
Publication Classification taper-locking interfaces and collets. Embodiments are
(51) Int.CL described that use the austenitic transformation of shape
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A61B 17/88 (2006.01) ball-joint arrangement and the connector means.
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FULLY-ADJUSTABLE BONE FIXATION
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Application No. 61/341,762, filed Apr. 5, 2010.

TECHNICAL FIELD

[0002] The field to which the disclosure generally relates
includes orthopedic stabilization and spinal fixation of verte-
brae, and in particular, a bone stabilization system that allows
between the bone attachment means, e.g. screw, and longitu-
dinal member, e.g. rod, all of the features of poly-axial posi-
tioning, variable height (dorsal) positioning, and a bulbous
bone-metal interface for low-profile, stronger fixation to bone
without restricting positioning.

BACKGROUND

[0003] Spinal implant systems can be engaged to or along
one or more vertebrae of the spinal column for the treatment
of various spinal conditions. Fasteners can be provided to
secure the implant to a particular location along the spinal
column. The implants can be provided to stabilize the spinal
column for treatment, either by fixing the spinal column or by
permitting at least some motion of the stabilized motion seg-
ments.

[0004] Multi-axial and uni-axial screws have been
employed for securing elongated implants, such as rods,
along one or more motion segments of the spinal column.
Bolts, screws, and hooks are typically secured to the vertebrae
for connection to the supporting rod. These vertebral anchors
must frequently be positioned at various angles due to the
anatomical structure of the patient, the physiological problem
being treated, and the preference of the physician. It is diffi-
cult to secure connections between the spinal support rod and
the vertebral anchors at all the various angles and elevations
that are required, especially where there are different dis-
tances between the rod and bolts and where these components
are located at different heights on the patient.

[0005] In the field of orthopedic stabilization and specifi-
cally, spinal fixation of vertebrae, there exist numerous
devices designed to allow the surgeon to place screws, helical
spikes, pegs, or other bone attachment means within bone
tissue, and are adapted to allow the attachment of rods, plates,
or other longitudinal support members in order to stabilize
one vertebrae to adjacent vertebrae, and thereby, assist in the
fusion or healing process of adjacent vertebrae. As mentioned
earlier, these devices may be mono-axial which require a
90-degree connection between the axis of the screw and the
axis of the rod, or can be poly-axial or variable-angle, thus
allowing a rod/screw connection of an angle other than per-
pendicular. Examples of the aforementioned can be found in
U.S. Pat. Nos. 6,280,442 and 5,474,555. Further, there exist
some devices that allow both poly-axial positioning as well as
variable dorsal height positioning (see U.S. Pat. Nos. 6,626,
906 and 5,885,285). There have existed bone screws that
contain a bulbous or cylindrical body portion that engage the
bone opening and help secure the attachment of the bone
screw to the bone (see U.S. Pat. No. 4,854,311).

[0006] However, there is a need for a connection assembly
between a spinal rod and a vertebral anchor that allows the
surgeon to fix the desired elevation between the rod and the
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bone anchor as well as fix the desired angle between the
anchor and the spinal rod. This need also encompasses the
need for minimizing the profile and bulk of any of the com-
ponents used to engage the bone screw to the spinal rod in a
variety of angular orientations.

SUMMARY OF EXEMPLARY EMBODIMENTS
OF THE INVENTION

[0007] The present invention is an orthopedic stabilization
system of implants that includes a bulbous screw/bone inter-
face, poly-axial fixation to the spinal rod, and variable height
(dorsal in the case of posterior spinal pedicle fixation) posi-
tioning of the screw relative to the spinal rod.

[0008] Inone aspect of the invention, the stabilization sys-
tem attaches a spinal rod to vertebrae utilizing a bone attach-
ment means, a post means, a locking means and a connector
means. The bone attachment means includes a spherical cup
member that forms one end, and an integral bone interface
member at the other end that attaches directly to the vertebrae.
The post means includes a spherical ball member at one end
that interfaces to the spherical cup member forming a ball-
joint arrangement, and a post member integral to the spherical
ball member and forming the other end of the post means.
This allows multi-angle positioning of the stabilization sys-
tem. The locking means locks the bone attachment means to
the post means in a determined spatial orientation as formed
in the ball-joint arrangement, thus assisting with poly-axial
fixation. The connector means attaches the spinal rod to the
post member at a determined height, thus providing variable
height adjustment.

[0009] In another aspect of the invention, the aforemen-
tioned stabilization system includes the use of shape memory
alloy (SMA). The austenitic transformation of SMA alloy
material due to temperature variants can effect the locking of
either the ball-joint arrangement, the post means to the spinal
rod, or both.

[0010] Inyetanother aspect ofthe invention, the aforemen-
tioned stabilization system includes embodiments wherein
the ball-joint arrangement components are made of either
metal or polymer and locked by the use of ultrasonic welding
or using adhesives between the structural surfaces.

[0011] Instill yet another aspect of the invention, the afore-
mentioned stabilization system utilizes mechanical locking
means such as screw fasteners, taper-locking interfaces and
collets.

[0012] Other exemplary embodiments of the invention will
become apparent from the detailed description provided here-
inafter. It should be understood that the detailed description
and specific examples, while disclosing exemplary embodi-
ments of the invention, are intended for purposes of illustra-
tion only and are not intended to limit the scope of the inven-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] Exemplary embodiments of the present invention
will become more fully understood from the detailed descrip-
tion and the accompanying drawings, wherein:

[0014] FIG. 1A is a front view cut-away of a first embodi-
ment of the present invention.

[0015] FIG. 1B is a front view of a second embodiment of
the present invention.

[0016] FIG. 2 is a front view of a third embodiment of the
present invention.
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[0017] FIG.3A isafront view cut-away of a fourth embodi-
ment of the present invention.

[0018] FIG.3Bis a front view of a fifth embodiment of the
present invention.

[0019] FIG. 4A is a front view cut-away of a sixth embodi-
ment of the present invention.

[0020] FIG. 4B is a front view of a seventh embodiment of
the present invention.

[0021] FIG. 5A is a front view cut-away of an eighth
embodiment of the present invention.

[0022] FIG. 5B is a front view of a ninth embodiment of the
present invention.

[0023] FIG. 6A is a front view cut-away of a tenth embodi-
ment of the present invention.

[0024] FIG. 6B is a partial cut-away front view of an elev-
enth embodiment of the present invention.

[0025] FIG. 7A is a front view cut-away of a twelfth
embodiment of the present invention.

[0026] FIG. 7B is a partial cut-away front view of a thir-
teenth embodiment of the present invention.

[0027] FIG. 7C is a front view cut-away of a fourteenth
embodiment of the present invention.

[0028] FIG. 7D is a partial cut-away front view of a fif-
teenth embodiment of the present invention.

[0029] FIG. 8A is a front view cut-away of a sixteenth
embodiment of the present invention.

[0030] FIG. 8B is a partial cut-away view of a seventeenth
embodiment of the present invention.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0031] For the purposes of promoting an understanding of
the principles of the invention, reference will now be made to
the embodiments illustrated in the drawings and specific lan-
guage will be used to describe the same. It will nevertheless
be understood that no limitation of the scope of the invention
is thereby intended. Any such alterations and further modifi-
cations in the illustrated devices, and such further applica-
tions of the principles of the invention as illustrated herein are
contemplated as would normally occur to one skilled in the art
to which the invention relates. The following description of
the embodiment(s) is merely exemplary (illustrative) in
nature and is in no way intended to limit the invention, its
application, or uses.

[0032] FIGS. 1A and 1B describe first and second embodi-
ments, respectively, of the present invention. In FIG. 1A, the
orthopedic stabilization system 10 attaches a spinal rod 11 to
vertebrae using a bone attachment means 12, apost means 18,
alocking means 26 and a connector means 28. A spherical cup
member 14 forms one end of the bone attachment means 12.
A bone interface member 16, integral to the spherical cup
member 14, forms the other end of the bone attachment
means 12. The bone interface member 16 interfaces to the
vertebrae directly. Not shown, are tangs or indentions on the
external spherical portion of the spherical cup member 14 to
be used together with a screwdriver of mating design for
insertion of the bone attachment means 12 into the vertebrae.
A spherical ball member 20 forms one end of the post means
18. The spherical ball member 20 is sized to mate and inter-
face with the spherical cup member 14 to form a ball-joint
arrangement 22. A post member 24, integral to the spherical
ball member 20, forms the other end ofthe post means 18. The
aforementioned ball-joint arrangement 22 allows poly-axial
orientations of the bone attachment means 12 in association
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with the post means 18. It should be understood that the
aforementioned ball-joint arrangement 22 design is illustra-
tive in nature and may include other designs that incorporate
a ball in association with structure to allow resultant poly-
axial orientations. The locking means 26 locks the bone
attachment means 12 to the post means 18 in the determined
spatial orientation. A relatively thin-walled portion 37 of the
spherical cup member 14 can be encircled with a shape
memory alloy (SMA) ring 44 to assist with fixation. By
instituting a temperature change to the SMA ring 44 the
ensuing austenitic transformation compresses the thin-walled
portion 37 to close and lock the ball joint arrangement 22 in a
determined orientation. The connector means 28 attaches the
spinal rod 11 to the post member 24 at a determined height.
The connector means 28 thus provides a variable height
adjustment of the spinal rod 11 to the post member 24. In FIG.
1B, the spherical cup member 14 includes a plurality of
fingers 30 that define a plurality of slots 32. Upon activation
of the SMA ring 44, its diameter is decreased which com-
presses the plurality of fingers 30 against spherical ball mem-
ber 20 to effect locking of the ball-joint arrangement 22. A
threaded bone screw 13 may be used to attach the post means
18 to the vertebrae. Also, the bone attachment means 12, the
locking means 26, the connector means 28, and the post
means 18 may comprise metals and/or polymers to effect
their operation. And, locking of the aforementioned struc-
tures may be accomplished by the use of ultrasonic welding
and adhesives (not shown) between structural surfaces.

[0033] FIG. 2 describes a third embodiment of the inven-
tion. In FIG. 2, a rod clamp means 34 attaches to a post
member 24 at a determined height. The design structure of the
rod clamp means 34 promotes variable height adjustment
with the post member 24 as determined by the surgeon. A set
screw locking mechanism 36 integral to the rod clamp means
34 rigidly locks the spinal rod 11 to the post means 18. The set
screw locking mechanism 36 promotes mechanical interdigi-
tation to rigidly connect to the spinal rod 11.

[0034] FIGS. 3A and 3B describe fourth and fifth embodi-
ments, respectively, of the present orthopedic stabilization
system 10. A collet locking mechanism 38 is used to rigidly
connect the spinal rod 11 to the post means 18 (see FIG. 3A).
The collet locking mechanism 38 is positioned on the post
means 18 at a height determined by the surgeon. Here again,
a locking means 26 may include an SMA ring 44 that com-
presses a plurality of fingers 30 to facilitate a fixation of a
ball-joint arrangement 22 (see FIG. 3B). FIG. 3A also illus-
trates that the collet locking mechanism 38 may include a
screw thread section 42. In practice, once the surgeon has
inserted the spinal rod 11 into the rod clamp means 34, a post
nut 40 is inserted onto the post means 18 and threaded onto
the screw thread section 42. As the post nut 40 is tightened,
both the spinal rod 11 and the collet locking mechanism 38
are squeezed into their desired relative positions. As men-
tioned above, the spherical cup member 14 may be modified
to include a plurality of fingers 30 that define a plurality of
slots 32 (see FIG. 3B). The remainder of the functional design
is as described in FIG. 3A.

[0035] FIGS. 4A and 4B illustrate sixth and seventh
embodiments, respectively, of the present invention. In FIG.
4A, the orthopedic stabilization system 10 incorporates a
SMA connector 45 to act as a rod clamp means 34 and rigidly
connect the spinal rod 11 to the post member 24. In practice,
when a temperature differential is administered to the SMA
connector 45, the austenitic transformation results in com-
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pression that locks the spinal rod 11 and the post member 24
in a desired relative position. Applying a temperature difter-
ential to a SMA ring 44 will compress a thin-walled portion
37 of the spherical cup member 14 and lock a spherical ball
member 20 to the spherical cup member 14 in a determined
spatial orientation. Similarly, the temperature differential,
when administered to the SMA ring 44 will compress a plu-
rality of fingers 30 (see FIG. 4B) in the spherical cup member
14 and promote a locking of a ball-joint arrangement 22 in a
determined orientation.

[0036] FIGS.5A and 5B describe eighth and ninth embodi-
ments, respectively, of the present orthopedic stabilization
system 10. In FIG. 5A, a spherical cup member 14 includes a
thin-walled portion 37 that promotes compression when an
encircling SMA ring 44 is activated. Compression of the
SMA ring 44 locks a spherical ball member 20 to a spherical
cup member 14 fixing a resultant ball-joint arrangement 22 in
a determined spatial orientation. Two split collets are used to
secure the spinal rod 11 to a post member 24. A first split
collet 46 with a first SMA ring 50 at a firstend 47 and a second
SMA ring 52 at a second end 49 is positioned on a post
member 24. A second split collet 48 with a third SMA ring 54
at a third end 55 and a fourth SMA ring 56 at a fourth end 59
is positioned on the spinal rod 11 (see FIG. 5B). The first split
collet 46 is integral and positioned in a generally perpendicu-
lar spatial orientation to the second split collet 48. Upon
activating the austenitic transformation of the SM A rings, the
first and second split collets are tightened upon the post mem-
ber 24 and the spinal rod 11 respectively, thereby forming a
rigid connection between the spinal rod 11 and the post mem-
ber 24, and the locked ball-joint-arrangement 22. In FIG. 5B,
the spherical cup member 14 includes a plurality of fingers 30
that define a plurality of slots 32. The remainder of the func-
tional design is as described in FIG. SA.

[0037] FIGS. 6A and 6B describe tenth and eleventh
embodiments, respectively, of the present orthopedic stabili-
zation system 10. In FIG. 6A, the bone interface means 16
forms one end of the bone attachment means 12. A ball
member 100, integral to the bone interface means 16, forms
the other end of the bone attachment means 12. A cup member
102 forms one end of the post means 18. The cup member 102
is sized to mate and interface with the ball member 100 to
form the ball-joint arrangement 22. The post member 24 is
integral to the cup member 102 and forms the other end of the
post means 18. As described in embodiments above, the lock-
ing means 26 locks the bone attachment means 12 to the post
means 18 in a determined spatial orientation. A relatively
thin-walled section 104 of the cup member 102 can be
encircled with the SMA ring 44 to assist with fixation of the
ball-joint arrangement 22. Any one of the connector means 28
described above in embodiments one through nine may be
used to attach the spinal rod 11 to the post means 18. In FIG.
6B, the cup member 102 includes a plurality of cup fingers
106 that define a plurality of cup slots 108. The cup fingers
106 assistto effect locking of the ball-joint arrangement 22. In
practice, the surgeon may use the design configurations
described in FIGS. 6A and 6B in all of the embodiments
described in FIGS. 1A through 5B.

[0038] FIGS. 7A and 7B describe twelfth and thirteenth
embodiments, respectively, of the present orthopedic stabili-
zation system 10. In FIG. 7A, a post means 18 includes a
spherical ball member 20 that forms one end, and an integral
post member 24 that forms the other end. The ball-joint
arrangement 22 is formed by interfacing the spherical ball
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member 20 with a spherical cup member 14 of a bone attach-
ment means 12. An interior 58 of the post means 18 defines an
internal tapered slot 60. A tapered locking member 62 is
positioned within the interior 58 of the post means 18 and
mates structurally to the internal tapered slot 60. The tapered
locking member 62 includes a mating tapered locking mem-
ber 64 at the tapered end, and an integral threaded shaft 66 at
the other end. The mating tapered locking member 64 is
positioned within the spherical ball member 20. In assembly,
the mating tapered locking member 64 is urged towards the
bottom of the spherical ball member 20 at the tapered end
leaving space such that the spherical ball member 20 can
collapse in size sufficient to fit within the narrowed neck of
the spherical cup member 14. After insertion within the
spherical cup member 14, the spherical ball member 20
expands by spring force and rests within the interior 58 of the
spherical cup member 14. In practice, when the surgeon is
ready to lock the ball-joint arrangement 22, a nut 68, located
proximally on the integral threaded shaft 66, is tightened
against the upper surface (not shown) of the post member 24.
The tightening of the tapered locking member nut 68 retracts
the tapered locking member 62 and the mating tapered lock-
ing member 64 applies an outward wedging force against the
interior 58 at the spherical cup member 14. A resultant expan-
sion of the spherical ball member 20 locks the spherical ball
member 20 to the spherical cup member 14, hence locking the
ball-joint arrangement 22 in a determined spatial orientation.
Tightening ports 70 may be located on the nut 68 to engage a
mating tool (not shown) for tightening. The surgeon chooses
any one of a connector means (not shown) such as those
previously herein described to attach the spinal rod (not
shown) to the post means 18. In FIG. 7B, the spherical ball
member 20 includes a plurality of ball fingers 33 that define a
plurality of ball slots 35. The spherically slotted spherical ball
member 20 can expand in size in response to the tightening of
the nut 68.

[0039] FIGS. 7C and 7D describe fourteenth and fifteenth
embodiments, respectively, of the present orthopedic stabili-
zation system 10. These embodiments are similar in design to
the twelfth and thirteenth embodiments with a few modifica-
tions. In FIGS. 7C and 7D, the tapered locking member 62
described above in FIGS. 7A and 7B includes a mating
tapered SMA locking member 91 at the tapered end, and an
integral SMA shaft 93 at the other end. A terminal end 95 is
located on the SMA shaft 93 and forms the termination of the
tapered locking member 62. In practice, when the surgeon is
ready to lock the ball-joint arrangement 22, heat or other
energy such as is commonly used in the operating room for
electrocautery of tissue, is applied to the cap 95 or directly to
the integral SMA shaft 93 or the mating SMA locking mem-
ber 91 to activate the austenitic transformation of the SMA.
Upon activation, the effective length of the tapered locking
member 62 is shortened causing the tapered end to retract,
thus applying an outward wedging force against the ball
member 20. The resultant expansion locks the ball-joint
arrangement 22 into a desired relative spatial orientation. The
tapered locking member 62, which is comprised of both the
mating tapered SMA locking member 91 and the integral
SMA shaft 93, may be completely fabricated from SMA
material, or alternatively, may be partially fabricated from
SMA, with the remainder a suitable compatible material such
as stainless steel, titanium, or chrome-cobalt alloy. The
design is tailored to include the correct relative SMA to pro-
vide the proper degree of linear retraction necessary to effec-
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tively lock the ball-joint arrangement 22. In FIG. 7D, the
spherical ball member 20 includes a plurality of ball fingers
33 that define a plurality of ball slots 35. The spherically
slotted spherical ball member 20 can expand in size in
response to the administration of heat or other energy to the
mating tapered SMA locking member 91, the integral SMA
shaft 93, or the cap 95.

[0040] FIGS. 8A and 8B describe sixteenth and seven-
teenth embodiments, respectively, of the present orthopedic
stabilization system 10. In FIG. 8A, a post member 24
includes a plurality of male threads 72 along a majority of its
length. Threaded post members are useful for either spondy-
lolisthesis reduction or any other deformity correction where
gradual reduction of a bone screw and spine to which it may
be attached, to the spinal rod is desired. A rod clamp means 34
is used that includes a lower part 74 that defines a first post slot
(not shown) with female threads 76 that mate to the male
threads 72 of the post member 24. The rod clamp means 34
also includes an upper part 78 that defines a second post slot
(not shown) with a diameter larger than the major diameter of
the male threads 72 of the post member 24. The aforemen-
tioned structural arrangement of the rod clamp means 34
promotes the lower part 74 of the rod clamp means 34 to
thread onto the male threads 72 of the post member 24, while
the upper part 78 passes freely over the male threads 72. A
post clamp nut 80 is positioned on the male threads 72 of the
post member 24, juxtaposed to the upper part 78, whereby
upon tightening of the post clamp nut 80 rigidly locks
together the spinal rod 11 and the rod clamp means 34. In
practice, when the surgeon is ready to effect a reduction,
torque is applied to the threaded post member 24, causing the
rod clamp means 34 to move vertically along the post member
24. A tapered locking member 62, (as previously described in
FIG. 7A), is snugly maintained such that a ball-joint arrange-
ment 22 cannot collapse and dislodge from the spherical cup
member 14 while reduction forces are applied. At such time
that reduction is complete and the surgeon is ready to com-
pletely lock the stabilization system, a tapered locking mem-
ber nut 68 is tightened to secure the ball-joint arrangement 22,
and the post clamp nut 80 is tightened to lock the spinal rod
11. Alternatively, (not shown), the rod clamp means 34 may
use both first and second slots with diameters larger than the
male threads 72 of the post member 24. In this case, a lower
nut would be required to pinch the spinal rod 11, or an alter-
native means may be used to secure the spinal rod 11. In FIG.
8B, the spherical ball member 20 includes a plurality of ball
fingers 33 that define a plurality of ball slots 35 to assist in the
locking of the ball-joint arrangement 22.

[0041] For purpose of clarity, some of the referenced fig-
ures describe a spherical cup member. In practice, any num-
ber of geometric configurations suitable to receive a ball, such
as a conical V-shaped (not shown) or stair-stepped recess (not
shown) could constitute a ball-joint arrangement as
described. Also, the surface of any of the ball, cup, post, or
internal surface of any connector may be textured, grooved,
coated, or otherwise modified with mechanical interdigita-
tion to enhance the locking strength of the connection.
[0042] Hence, the above description of embodiments of the
invention is merely exemplary in nature and, thus, variations
thereof are not to be regarded as a departure from the spirit
and scope of the invention.

What is claimed is:
1. An orthopedic stabilization system to attach a spinal rod
to vertebrae, comprising:
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a bone attachment means, including:

a spherical cup member forming one end of said bone
attachment means; and

a bone interface member that is integral to said spherical
cup member and forms the other end of said bone attach-
ment means, and interfaces to the vertebrae;

a post means, including:

a spherical ball member forming one end of said post
means and interfaces with said spherical cup member to
form a ball-joint arrangement; and

a post member integral to said spherical ball member and
forming the other end of said post means;

alocking means to lock said bone attachment means to said
post means in a determined spatial orientation; and

a connector means to attach the spinal rod to said post
member.

2. The system of claim 1, wherein said locking means
includes a thin-walled portion to close and lock the ball-joint
arrangement.

3. The system of claim 2, wherein said locking means
comprises a shape memory alloy (SMA) ring positioned cir-
cumferentially around said spherical cup member.

4. The system of claim 1, wherein said spherical cup mem-
ber includes a plurality of fingers that define a plurality of
slots.

5. The system of claim 3, wherein said locking means
comprises a SMA ring circumferentially around said spheri-
cal cup member.

6. The system of claim 1, wherein said bone attachment
means comprises a threaded bone screw.

7. The system of claim 1, wherein said bone attachment
means, said locking means, said connector means and said
post means comprise metals and polymers.

8. The system of claim 1, wherein said locking means
includes the use of ultrasonic welding and adhesives.

9. An orthopedic stabilization system to attach a spinal rod
to vertebrae, comprising:

a bone attachment means, including:

a spherical cup member forming one end of said bone

attachment means; and

a bone interface member that is integral to said spherical
cup member and forms the other end of said bone attach-
ment means, and attaches to the vertebrae;

wherein, said spherical cup member includes a plurality of
fingers that define a plurality of slots;

a post means, including:

a spherical ball member forming one end of said post
means and interfaces with said spherical cup member to
form a ball-joint arrangement; and

a post member forming the other end of said post means;

a locking means comprised of a SMA ring positioned cir-
cumferentially around said spherical cup member and
locks said ball-joint arrangement in a determined spatial
orientation; and

a connector means.

10. The system of claim 9, wherein said connector means
includes a rid clamp means comprising a set screw locking
mechanism to rigidly connect the spinal rod to said post
means.

11. The system of claim 9, wherein said set screw locking
mechanism promotes mechanical interdigitation when rig-
idly connected to the spinal rod.
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12. The system of claim 9, wherein said bone attachment
means, said rod clamp means and said post means comprise
metals and polymers.

13. An orthopedic stabilization system to attach a spinal
rod to vertebrae, comprising:

a bone attachment means, including:

a spherical cup member forming one end of said bone

attachment means; and

a bone interface member that is integral to said spherical
cup member and forms the other end of said bone attach-
ment means, and attaches to the vertebrae;

wherein, said spherical cup member includes a plurality of
fingers that define a plurality of slots;

a post means, including:

a spherical ball member forming one end of said post
means and interfaces with said spherical cup member to
form a ball-joint arrangement; and

a post member forming the other end of said post means;

a locking means comprised of a SMA ring positioned cir-
cumferentially around said spherical cup member and
locks said ball-joint arrangement in a determined spatial
orientation; and

arod clamp means, including:

a collet locking mechanism to rigidly connect the spinal
rod to said post means; and

apost nut to tighten said collet locking mechanism, hereby
locking the spinal rod and said post member in a desired
relative position.

14. The system of claim 13, wherein said collet locking
mechanism includes a screw thread section to position said
post nut on said post member.

15. The system of claim 13, wherein said spherical cup
member includes a thin-walled portion.

16. An orthopedic stabilization system to attach a spinal
rod to vertebrae, comprising:

a bone attachment means, including:

a spherical cup member forming one end of said bone

attachment means; and

a bone interface member that is integral to said spherical
cup member and forms the other end of said bone attach-
ment means, and attaches to the vertebrae;

wherein, said spherical cup member includes a plurality of
fingers that define a plurality of slots;

a post means, including:

a spherical ball member forming one end of said post
means and interfaces with said spherical cup member to
form a ball-joint arrangement; and

a post member forming the other end of said post means;

a locking means comprised of a SMA ring positioned cir-
cumferentially around said spherical cup member and
locks said ball-joint arrangement in a determined spatial
orientation; and

a rod clamp means including a SMA connector to rigidly
connect the spinal rod to said post means in a desired
relative position.

17. An orthopedic stabilization system to attach a spinal

rod to vertebrae, comprising:

a bone attachment means, including:

a spherical cup member forming one end of said bone
attachment means; and

a bone interface member that is integral to said spherical
cup member and forms the other end of said bone attach-
ment means, and attaches to the vertebrae;
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wherein, said spherical cup member includes a plurality of
fingers that define a plurality of slots;

a post means, including:

a spherical ball member forming one end of said post
means and interfaces with said spherical cup member to
form a ball-joint arrangement; and

a post member forming the other end of said post means;

a locking means comprised of a SMA ring positioned cir-
cumferentially around said spherical cup member and
locks said ball-joint arrangement in a determined spatial
orientation; and

an integral connector means, comprising:

a first split collet with a first SMA ring at a first end and a
second SMA ring at a second end, and positioned on said
post member; and

a second split collet with a third SMA ring at a third end and
a fourth SMA ring at a fourth end, and positioned on the
spinal rod;

wherein, said first split collet is integral to and in a perpen-
dicular spatial orientation to said second collet.

18. An orthopedic stabilization system to attach a spinal

rod to vertebrae, comprising:

a bone attachment means, including:

a spherical cup member forming one end of said bone
attachment means; and

a bone interface member that is integral to said spherical
cup member and forms the other end of said bone attach-
ment means, and attaches to the vertebrae;

a post means including a spherical ball member forming
one end of said post means, and interfaces with said
spherical cup member to form a ball-joint arrangement;
and

a post member forming the other end of said post means;

wherein:

said spherical ball member includes a plurality of ball
fingers that define a plurality of ball slots; and

an interior of said post means defines an internal tapered
slot;

a tapered locking member positioned within the interior of
said post means and mating structurally to said internal
tapered slot;

wherein, said tapered locking member includes a mating
tapered locking member at the tapered end and an inte-
gral threaded shaft at the other end, and with said mating
tapered locking member positioned within said spheri-
cal ball member;

a nut positioned proximally on said integral threaded shaft,
external and juxtaposed to said post means; and

a connector means to attach the spinal rod to said post
member.

19. The system of claim 18, wherein said nut includes at

least one tightening port.

20. An orthopedic stabilization system to attach a spinal

rod to vertebrae, comprising:

a bone attachment means, including:

a spherical cup member forming one end of said bone
attachment means; and

a bone interface member that is integral to said spherical
cup member and forms the other end of said bone attach-
ment means, and attaches to the vertebrae;
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a post means including a spherical ball member forming
one end of said post means, and interfaces with said
spherical cup member to form a ball-joint arrangement;
and

a post member forming the other end of said post means;

wherein:

said spherical ball member includes a plurality of ball
fingers that define a plurality of ball slots; and

an interior of said post means defines an internal tapered
slot;

atapered locking member positioned within the interior of
said post means and mating structurally to said internal
tapered slot;

wherein, said tapered locking member includes a mating
tapered SMA locking member at the tapered end, and an
integral SM A shaft at the other end, and with said mating
tapered SMA locking member positioned within said
spherical ball member;

a terminal end on said integral SMA shaft; and

a connector means to attach the spinal rod to said post
member.

21. The system of claim 20, wherein said integral SMA
shaft comprises SMA, stainless steel, titanium, and chrome-
cobalt alloy.

22. The system of claim 20, wherein said mating tapered
SMA locking member comprises SMA, stainless steel, tita-
nium, and chrome-cobalt alloy.

23. An orthopedic stabilization system to attach a spinal
rod to vertebrae, comprising:

a bone attachment means, including:

a spherical cup member forming one end of said bone

attachment means; and

a bone interface member that is integral to said spherical
cup member and forms the other end of said bone attach-
ment means, and attaches to the vertebrae;

a post means including a spherical ball member forming
one end of said post means, and interfaces with said
spherical cup member to form a ball-joint arrangement;

and a post member at the other end of said post means;

wherein:

said spherical ball member includes a plurality of ball
fingers that define a plurality of ball slots;

said post member includes male threads along a majority of
its length; and

an interior of said post means defines an internal tapered
slot;

atapered locking member positioned within the interior of
said post means and mating structurally to said internal
tapered slot;

wherein, said tapered locking member includes a mating
tapered locking member at the tapered end and an inte-
gral threaded shaft at the other end, whereby, said mating
tapered locking member is positioned within said
spherical ball member;

anut positioned proximally on said integral threaded shaft,
external and juxtaposed to said post means, and where-
upon tightening said nut, retracts said tapered end,
applying an outward wedging force against said internal
tapered slot; and
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a rod clamp means, comprising:

a lower part defining a first post slot with female threads

that mate to said male threads of said post member;

an upper part defining a second post slot with a diameter

larger than the major diameter of said male threads of
said post member; and

a post clamp nut positioned on said male threads of said

post member and juxtaposed to said upper part,
whereby, upon tightening, locks the spinal rod within
said rod clamp means.

24. An orthopedic stabilization system to attach a spinal
rod to vertebrae, comprising:

a bone attachment means, including:

a bone interface means at one end; and

an integral ball member at the other end;

a post means, including:

a cup member at one end that interfaces with said ball

member to form a ball-joint arrangement; and

apost member integral to said cup member and forming the

other end of said post means;

alocking means to lock said bone attachment means to said

post means in a determined spatial orientation and
hereby assisting with fixation; and

a connector means to attach the spinal rod to said post

member.

25. The system of claim 24, wherein said cup member
includes a thin-walled section to close and lock the ball-joint
arrangement.

26. The system of claim 25, wherein said locking means
comprises a SMA ring positioned circumferentially around
said cup member.

27. The system of claim 24, wherein said cup member
includes a plurality of cup fingers that define a plurality of cup
slots.

28. The system of claim 27, wherein said locking means
comprises a SMA ring positioned circumferentially around
said cup member.

29. A method for spinal fixation of vertebrae using spinal
rods and promoting poly-axial positioning and variable
height positioning, said method comprising:

interfacing a bone attachment means to the vertebrae,

wherein said bone attachment means comprises:

a spherical cup member forming one end of said bone

attachment means; and

a bone interface member that is integral to said spherical

cup member and forms the other end of said bone attach-
ment means, and attaches to the vertebrae;

forming a ball-joint arrangement with said bone attach-

ment means and a post means;

wherein, said post means comprises:

a spherical ball member integral to one end of said post

means; and

a post member at the other end of said post means;

locking said bone attachment means to said post means in

a determined spatial orientation; and
connecting the spinal rod to said post member.
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